Qualitatssicherung atemgesteuerten
Strahlentherapie bewegter und
deformierbarer Organstrukturen

Softwarelosungen
Echtzeit Positionsbestimmungen des Tumors
Messphantome
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SOFTWARE LOSUNGEN

ImSimQA
Mobius3D - CBCT
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QS DEFORMIERBARER KORPERSTRUKTUREN MIT
IMSIM SOFTWARE PAKET

V

ImSimQA
Virtual Phantoms
for IGRT QA
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AUS VIRTUELLEN PHANTOMEN ERSTELLUNG VON
DICOM BILDDATENSATZEN FUR CT, PET UND MRT

From Virtual phantoms to Real DICOM
images

3D Virtual Phantom

Simulating CT modality Simulating MR modality Simulating PET modality

MEDINEX
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WARUM VIRTUELLE PHANTOME ?

Bekannte Parameter

From Virtual phantoms to Real DICOM
images

 Geometrische
Grof3en

 Definierte
Deformationen

 Definierte
Storeinfliisse

Standardisierte Test
Bedingungen MEDINEX

Arbeitskreis IMRT der DGMP Leipzig, 30-31.05.2016 AR R




MIT IMSIM ZUR QS IHRER
REGISTRIERUNGSALGORITHMEN

Import gold
standard DICOM
images [ contours into
ImSimQA
Deform and edit
ImSimQA reports gold standard DICOM
pass / fail results images / contours in
for a range of metrics ImSimQA

Closing

Export newly
Run.ImSimQ/'\ th e I OO p created images
analysis comparing | contours from
original gold standard ImSimQA to
images / contours to clinical system
results from clinical
system

Run DIR /
auto-contouring
in clinical system

Export clinical
system image [
contour results to
ImSimQA

MEDINEX
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Example Digital Phantoms
Provided by the TG-132 via ImSimQA
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Use of Image Registration and
Fusion Algorithms and
Techniques in Radiotherapy

Preliminary Recommendations from TG 132*

Kristy Brock, Sasa Mutic, Todd McNutt, Hua Li, and
Marc Kessler

*Report is currently under review by AAPM

{:’g}’) MEDINEX



Task Group Charge

. Review the existing techniques and
algorithms for image registration and fusion

. Discuss Issues related to effective clinical

iImplementation of these techniques and
algorithms in a variety of treatment planning
and delivery situations

. Discuss the methods to assess the accuracy
of Image registration and fusion

. Discuss issues related to acceptance testing
and quality assurance for image registration
and fusion

{:’g}’) MEDINEX



Commissioning Datasets™

» Basic geometric phantoms (multi-
modality)’

« Pelvis phantom (CT and MR)?

+ Clinical 4D CT Lung? with simulated
exhale’

*To be made publically available following the approval of TG 132 by AAPM

1. Courtesy of ImSim QA C:
2. Courtesy of DIR Lab, MD Anderson Cancer Center
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Pal Name/ID: 1A.Demo AC+RC/ HeadNeck/20091208 115806 RENITHIDA emo i =06 | Pat hame/IC:[TA Demo ACIRC: HeadNec)/Z0031208115208
Serias Date: 31-Oct-2011 H rigs Date; 31-Oct-2011 / Series Date; 31-Oct-2011 A
Series Name: CBCT eries Name: CBCT Series Name:|CBCT

M.SeriD1

ImSimQA

Initial Contour Comrection
1) et e
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Pai Nama/ID 1A Dama AC+RC HaaoNeck 20007 208115805 5 R AT K Fal Naew'D) [TATSSS ADTRC RESTNGCY 2000 Y205 T V5208
Bovies Date. 31-0ct.2011 5 Dat " Soras Dato, 31-0ct-2011

Bones Neme: CBCT ] P - Bores Name O30T !

Sy |
—t |
Cov Pos: <124 67enm PRIM SoriD1 Sag Pos <124 52mm PRIM SadD1

Pal NameAD' 1A Damo AC+RC* Heaaeck/ 2008 1 2061 1 5808 *RC r. Fat NameID 1A Semd ACTRC Readiech 2D 1205115806
Seres Dain: 21-Sepe2000 H s Divde: 215 0pe2008 A Gores Dnle: 2%:Sepe2000 A
Leres Name RAD THERAFY FLANNING s Name: RAD THERASY PLANNING ! Senes Name. RAD THERAPY PLANNING
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VEROFFENTLICHUNGEN

JOURNAL OF APPLIED CLINICAL MEDICAL PHYSICS, VOLUME 14, NUMBER 1, 2013

, A framework for deformable image registration validation
kAt ey LA in radiotherapy clinical applications
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The utility of atias-assisted segmentation in the male pelvis
on the Ver agr of the
structures segmented
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Quantitative vahdation of deformable tmage regrtranon (DIR) algonithms 14
extremely difficult because of the complexaty mvolved m constructng a deformable
phantom that can duphcate vanous clnical scenanos. The purpose of this study
15 10 descnbe a framework 10 test the accuracy of DIR based on computational
modeling and evalnating using wnverse consistency and other methods. Theee clum-
cally relevant organ deformations were created i prostate (distended rectum and
rectal gas), head and neck (lagge teck flexson), and lung (mbale and exhale lung
volumes with vasiable contrast mhzntemml) study sets. DIR was performed usang
both B-splne and diff pl Igonthns 1 the forward and mverse
direction. A compositive accumulation of forward and wiverse deformation vectos
fields was done to quantify the mverse consistency error (ICE) The anatommical
comespondence of mmor and organs at nsk was quantified by companng the
ongwal RT structures with those obtaned after DIR. Further, the physacal charac-
teristics of the deformation field, namely the Jacoban and harmonic energy. were
computed 1o quantfy the preservation of mage topology and regulanty of spatzal
tranaformation obtamed i DIR. The ICE was comparable m prostate case but the
B-splme algonthm had significantly better anatonucal correspondence for rectum
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cations. However, the underlying uncertamntios of DIR are not well d and a comp
methodology has not been developed for avessing & range of interfraction anatomic changes dunng
head and neck cancer radiotherapy. This study describes the development of » kibeary of clinically
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lll' Mobius:

THE COMPLETE PATIENT QA S

3D PATIENT PLAN QA

3D IMRT/VMAT PRE-TREATMENT QA

3D IN VIVO DAILY * TMENT QA

ONLINE PATIENT POSITIONING QA
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\"[o], ZU
FUR
DEFORMIERUNGEN UND POSITIONIERUNGEN

Y osswpass (b

v 81.3% pass
O soopes  [JAESCTERSON The CBCT Module: Density gamma

Quantitative values and color coding
allow fast analysis of results

ANALYSE

* Same method as dose comparison, but now we are comparing (g/cc)
per distance

. [}Efault criteria: 0.3 g/cc / 3 mm

1S value was cnosen pecause it best distinguishes between bone, soft
tissue, and air, which are the differences that will clearly show positioning
errors and anatomy changes
» Three options for gamma region of interest:
* "% Dose” + Margin
* |socenter + Margin
* All Target ROls - not recommended

Density gamma overlay provides
clear indication of positioning errors

MEDINEX
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Clear indication of safe setup Clear indication of 1cm incorrect shift

{;;j MEDINEX



Clear indication of safe setup Clear indication of patient weight loss

{;;j MEDINEX



MOBIUS3D CBCT SPEZIFIKATION

Mobius3D CBCT Module Specifications

: Supported : Varian and Elekta linear accelerators with cone-beam CT capabilitie
: Machines :

: Varian ARIA® and Elekta MOSAIQ®

: Comparison : The CBCT and Planning CT volume
: Method : intensity values and user specified de

: Views Available : Transverse Gamma, Coronal Gamm

MEDINEX
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POSITIONSBESTIMMUNGEN
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SYSTEME ZUR ERFASSUNG VON BEWEGUNGEN VON
KORPERSTRUKTUREN

-~
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ECHTZEIT ELEKTROMAGNETISCHES TUMOR TRACKING

und
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Das Echtzeit Tumortracking System
fur jeden Beschleuniger

* 30 Hz Melfrequenz

* Auch fur Lagerungen aus Kohlenstoff-
Faser, kein Verbleib von kérperfremden
Teilen im Patienten nach der Anwendung

* MRT Nachuntersuchungen moglich

* Unabhangig von Kérpergewicht und
KorpergrofRe

* Fur SBRT, IMRT und VMAT Bestrahlungen

MEDINEX
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1.80
1.61
1.42

Dose (Gy)

0.28
0.09

010~
0.35

Centre Georges Francois Leclerc, Dijon

Example of in-situ dose data in prostate from one fraction (2

arcs)

Centre G.F. Leclerc - Anon. Pat. 4 - Session 08 - (0-50)Gy - 2015-01-30 19.27

| = Processed signal

~~~~~ Signal with detected drift removed

256 FARC

237F

ARC 2

| anTs0

Beam On

Beam On

1.376 Gy

0.749 Gy

Beam Off

123}

1.04 |
0.85 [}
0.66 |-
047
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MR
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CENTRE GEORGES

FRANGOIS LECLERC
Ensemble, dépassons le cancer

Work in progress

MICROPOS MEDICAL




Offline analysis
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Example of dose tracking performed by RayStation® from RayPilot® data.
Compares the dose distribution from the plan with a recalculated dose distribution
according to the motion detected.

Planned DVH Rectum

- e A

I BN B B B OB BN O e

j Recalulcated DVH

A L WORK IN PROGRESS

Prostate displacement monitored and recorded by RayPilot®. Dose tracking
(deformableregistration, dose calculation and dose mapping) performed by RayStation®

from RaySearch.




PHANTOME
FUR
DOSIMETRISCHE
MESSUNGEN
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ATMUNGSABHANGIGE BEWEGUNG VON
KORPERSTRUKTUREN
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Movable insert
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MODUS QA ATMUNGSSIMULATIONS PHANTOM
SCHEMATISCHER AUFBAU MIT GAFCHROMIC FILM
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ATMUNGSSIMULATIONS PHANTOM MIT MESSKAMMER
EINSATZ

lon chamber

To electrometer

Movable insent
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MODUS QA BEWEGUNGS PLATTFORM MIT
ATMUNGSKURVEN - STEUERUNG MIT 2D BEWEGUNG

Einstellungsmoglichkeit
der Lateralbewegung
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MODUS QA BEWEGUNGS PLATTFORM MIT
ATMUNGSKURVEN - STEUERUNG MIT 3D BEWEGUNG

MEDINEX
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MODUS QA PLATTFORM - SPEZIFIKATIONSPARAMETER

QUASAR™ Programmable Respiratory Motion Platform Specifications

Moving Platform; 35 cm x 35 cm, carries up to 20 kg

Overall dimensions; 51 cm x 35 cm x 15 cm high

Mass; 3 kg excluding third party phantoms

Chest wall platform: 13 cm diameter, carries up to 1 kg

Power supply: Input, 100 - 240 V AC, 47 - 63 Hz, International power cords available
Output, 24 V DC 2.1 A, 50 W. Approvals; CE, UL/CSA 60950-1

Key Features

Accomodates phantoms weighing
up to 20 kg on a 35 x 35 cm platform
Generates lateral hysteresis motion
for phase separation testing
Simulates patient-specific respiratory
and sinusoidal motion profiles
Communicate with the phantom
through local area network (LAN)
Compatible with motion tracking
systems from multiple vendors
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VIELEN DANK FUR IHRE
AUFMERKSAMKEIT !
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