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Internal Radiotherapy (2 Postdocs, 2 PhDs, 3 Researchers):

® SPECT simulations: Gunjan Kayal (PhD)
e Slicer tool for dosimetry: Alex Vergara Gil (PhD)

‘ \
e OpenDose: Maxime Chauvin (Postdoc) . \>/<\/HA I-[
/7

'l]ﬂﬂ atecollaboration.or
External Radiotherapy (1 Postdoc, 2 PhDs, 2 MScs, 3 Researchers): N

® Dm to Dw conversion: Victoria Fonteny (MSc)
e SBRT - Interplay: Jeremy Leste (PhD)
e SBRT - EPID dosimetry: A. Rita Barbeiro (Postdoc)
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Heads Circular Orbit

Orbiting

Rotating a volume around any axis during a simulation is possible using the orbiting motion.
degrees per second, the commands are:

/gate/SPECThead/moves/insert orbiting

/gate/SPECThead/orbiting/setSpeed N. deg/s H ea d S N on Cl rcu | ar O r b it

/gate/SPECThead/orbiting/setPointl 0 0 0 cm

/gate/SPECThead/orbiting/setPoint2 1 0 0 cm
Generic repeater move

You can combine generic repeater and generic move to allow different repeated configurations according to time. This is for example useful to descril
which move according to each beam.

/gate/myvolume/moves/insert genericRepeaterMove
/gate/myvolume/genericRepeaterMove/setPlacementsFilename data/myvolume.placements
/gate/myvolume/genericRepeaterMove/useRelativeTranslation 1

###### List of placement (translation and rotation)

Positions extra Cted ###### Column 1 is rotationAngle in degree

###### Columns 2,3,4 are rotation axis

from DICOM f”es Of tf::#ﬂ: Columns 5,6,7 are translation in mm

NumberOfPlacements 3

S P E CT Rotation deg
Translation mm

#Time # Placement 1 # Placement 2 # Placement 3

0 10 010 20 0 O 10010 80 0 0 10010 -60 0 0
1 20 010 2010 O 20010 80 10 O 20010 -60 10 O
2 30 110 20 0 O 30110 80 0 0 30110 -60 0 0
4 40 011 20 0 40 40 0 1 1 80 0 40 40 0 1 1 -60 0 40

WO rk p rese nted @ M C M A 20 1 9 The 'NumberOfPlacements' is needed to indicate how many different repetition are performed at each motion.
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Now we have:

270°

/gate/world/daughters/name anyname
/gate/world/daughters/insert

ImageNestedParametrisedVolume

Work presented @ MCMA 2019

=<3 MRT m
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Metrology for clinical implementation L' aclence pout la asats
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What we need:

%0

/gate/world/daughters/name
/gate/world/daughters/insert
tessellated

anyname
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From Voxelization to Tessellation: Simulation:

@ python™ + Ae)blender

Collimator (white) ; Crystal (yellow); PMTs
(blue); Electronics (red); Phantom (purple)
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Simulation Results compared to Experimental Images

X Profiles of Measured and Simulated SPECT Images

—measured
simulated

1200,

\
\, \
\
_ N
Experimental SPECT Simulated SPECT
Siemens Symbia T2 2 detector heads 3 energy windows:  Activity* Mean Squared Error (MSE): 113.001
%" Nal crystal 60 proj per head 208 keV (20%) 178.6 MBq in spleen Structural Similarity Index (SSIM): 0.9456
MEGP collimator 20s per proj 178 keV (10%) 108.7 MBq in right kidney cortex Peak Signal to Noise Ratio (PSNR): 24.952
241 keV (10%) 16.1 MBq in right kidney medulla
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@ Modules: E2 MRT Dosimetry 4D > - ‘\)v ¥ 4 E =]
® : |
{D 3DSlicer
=4
» Help & Acknowledgement =

» Reload & Test

~ Parameters

SPECT sensitivity | 37.3733976156 < | Bg/counts 7 . .
F: JO:DOSE Mont...lo 4HR (50%)
Isotope Lu-177 BN E: JO:CTCT CT 4HR
~ Preprocessing : -6. - ' A: 0.750mm
Rename files Resample CTs

~ Registration
Reference Volume:  J3:ACSC SPECT 72HR 2
Execute

~ Absorbed Dose Rate calculation

Activity threshold (%) = 5.0% =
Absorbed dose rate algorithm ' Local Energy Deposition (LED) 5
Calculate Dose Rate Images F: JO:DOSE Mont...Io 4HR (50%) ‘e | F: JO:DOSE Mont...lo 4HR (5t
B: JO:CTCT CT 4HR B: JO:CTCT CT 4HR
~ Segmentation
Reference Segmentation: Segmentation . L T
A B c D E
Propagate Segmentation 1 Segment Mass (kg) Data points integral (Gy) Absorbed Dose (Gy) Difference (%)
v S t Tabl d Plot:
egment Tabes anc To% 2|DRLiver 162475  12.6454 15.493 18.3799
Create ACTM Tables Create DOSE Tables
3/ DR_Spleen 0.0895185 3.12271 3.55613 121878
~ Time integration 4/DR_LKidney 0.115164 3.24264 3.65565 1.2979
Incorporation Mode [inear ~| |5 DR_RKidney 0.0996614 4.00441 452617 11.5276
Integration Algorithm | trapezoid hd
» Utilities
» Data Probe: /Users/alexvergaragil/Do...essed MonteCarlo.mrml|
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3DSlicer tool for dosimetry: Alex Vergara Gil (PhD)
Internal Dosimetry using Gate as gold standard:
¥ A ® Aclinical case of Lu-177
was tested with different
25 mLEDM i .
algorithms taking GATE as
sk gold standard for absorbed
' = ConvHom dose calculation.
3 1s ) m ConvHet e The algorithms were
: S implemented in a
@ : workflow! as a Slicer3D
module.
IIIIII IIIIII IIIIII !Gate can not be integrated in the
. workflow because requires too much
DR_Liver DR_Spleen DR_L¥idney DR_RKidney time
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Input data Monte Carlo Simulations: GATE/Geant4, FLUKA, PENELOPE, MCNP, EGS

s N

Absorbed Dose Maps (+ uncertainties)

Developing a
dosimetric database
(SAFs, S-values) for

SAF tables (+ uncertainties)

Nuclear Medicine: : oo me—— e
'E * > + 0.0065 0.0 1.8604304367445052¢-06 0.0
e collaborative data m [ e [Tn
production (14 ;
research teams) ——— . : per target (region of voxels)
2 141 segmented regions :
® open and FAIR data . 53 material compositions e per \_/oxel .
e data associated : TR . - )
. I : (L iR v . For each Source, Particle type, Energy
with uncertainties : : ..
g Isotope data : ..
e online access - vz |
06
S g N | . - _ , S-values
— database + uncertainties
00 06 12 18 24
Energy (MeV)

....................................
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Data to produce for the digital models of ICRP 110:

o 2 (female/male models) x 140 (sources) x 2 (particles) x 91 (energies) = 50960 simulations

Production status:
o  CRCT (local cluster + EGI + GatelLab):

m GATE 8.1: 2 models, all sources from 5 keV to 60 keV (75% total)

m Geantd 10.5: 2 models, all sources, all energies (100% total)
CRUK (local cluster) with PENELOPE_2014: 1 model, 2 sources, 7 energies
IEO-CNAO (local cluster) with Fluka_2011: 1 model, 2 sources, 7 energies
IRSN (local cluster) with MCNPXv2.6¢: 1 model, 3 sources, 7 energies
NPL (local cluster) with EGSnrc/EGS++ 2016: 1 model, 2 sources, 7 energies
SCK.CEN (local cluster) with MCNPXv2.7: 1 model, 2 sources, 7 energies

SGH and UOW (local cluster) with GATEv7.2: 2 models, 80 sources, all energies (30% total)

©f @ (© We o)

@)

10
OpenGATE technical meeting - Lyon, France - 4th July 2019



N\

CRCT

.. ONCOPOLE

GatelLab (VIP) developments thanks to OpenDose:

e New pipeline to update GATE releases on Gatelab:
o  DockerFile which build a new image with Geant4, ROOT and GATE on CentOS

o  Script to extract the GATE binary and dependencies from the Docker image &

o  Add an env.sh to ease the setup of Geant4 and ROOT environment variables

e Updated merger for the new DoseByRegions output

il Inserm

La science pour lasanté
oo scloneo o heakh

e New random seed behavior for split jobs when the seed is set manually:

o  Therandom seed is then incremented between jobs to insure no duplicates

® + now Gatelab accepts command line aliases like GATE:
o  ALIAS is -a [Source_ID,95][particle,gammal][energy,0.00500][nb,10000][seed,2950001]

Work in collaboration with T. Baudier, A. Bonnet, S. Camarasu-Pop and G. Mathieu.
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e The websiteis online ! http://www.opendose.org QW OpenDose

e |tisdevelopedin HTML5 + CSS, PHP and JavaScript b3

EEIUE

® The source code is versioned with Git in a private repository at GitLab
Q git &) GitLab

e The website is deployed in a Virtual Machine hosted at creatis.insa-lyon.fr :
o Fedora 28, 4 virtual CPUs, 8 GB RAM, 250 GB disk size.

OpenGATE technical meeting - Lyon, France - 4th July 2019
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e Conventional algorithm such as AAA
(Varian) express the absorbed dose
in water (Dw)

® Deterministic algorithm such as AXB
(Varian) and Monte Carlo
Simulation express the absorbed
dose in medium (Dm)

— Need for a conversion

il Inserm

pour la san
From science to health

Several existing conversions dose to
medium to dose to water :

Dosi=am s?VGm (Siebers, 2000)
D il sW med Ko (Andreo, 2014)

D,, = Dy (%) (Reyneart, 2018)

w,m

Aim of the study:

e Comparison of Dm and Dw between
GATE and AAA/AXB
® Assess different conversion methods

13
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Comparison between GATE and AAA/AXB:

’ < 100
' SSD -
10 x 10 cm? . o
| 95 L
6 MV P O

; T 50

4 cm g w
2 OF 1,85 g/cmp3 —— GATE Dm
0
Water 0 50 100 150 200
Depth(mm)
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Questions regarding GATE physics list:

1.6
Ng \ — NIST 5 1.6
g R opt4 V8.0 NE ‘
C 15N\ opt3 S \
@) A\ | ——- penelope (PL) ) ‘
Y AN \ s
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NIST
opt4 V8.0
opt4 V8.2

102

Energie (MeV)
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Objectives:
e Develop a GATE model to simulate respiratory motion on phantom
e Validate model against measurement
e Develop a methodology to study interplay effect

Interplay effect: under dosage of
Gross Tumor Volume (GTV) 16
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GATE model validation:

Virtual volume (GTV, ITV,
OAR) —Dicom RT plan

Respiratory motion
(1D - s1)

Measurement

Leaf sequence Amplitude (mm) Period (s) Global Y 3%-3mm
A 10 93

94

95

92

93

93

N O w Ny 0w
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Non-transit dosimetry (QA)

.ll

Varian TrueBeam STx linac

with a$1000 EPID (1) Varian phsp Source

eylindrical-plane
—_—

Treatment-dependent part of
linac head to obtain phsp files at ——p»-
linac head exit.

(2) Phsp scoring plane

Patient/phantom transport at linac exit

simulation and absorbed dose
calculation.

EPID transport simulation and

absorbed dose calculation in e Ot scintillator layer "
scintillator layer (Gd,0,S:Tb). S
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Transit dosimetry (in-vivo)
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La science pour lasanté
From science to health

Evaluation of spectral and spatial distribution variations in non-reference conditions

Number of particles per history

Energy spectrum for different field sizes Spatial energy distribution

0.008|

0.007|

0.006)

0.005)

0.004]

0.003

0.002]

0.001

Phase Space Energy Spectrum

10 x 10 cm? 3x3cm?

=~ EPID - Field 10cmx10cm
= EPID - Field 3cmx3cm
= EPID - Field 0,5cmx0,5cm

Y (cm)
¥ (cm)

X (cm) X (cm)

0.5 x 0.5 cm?

Y (cm)

Energy (MeV)

Derive different correction factors to improve clinical dosimetry with EPID.

X (cm)

19
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Non-transit MC EPID dosimetry for a SBRT-VMAT treatment (from TPS parameters)

50
100

@ 150

Q

x

‘3200
250
300
350

MC
100 200 300 400 500

100
% Dose difference matrix 10
o 80
50 §
100 5 g %0
@ 150 < 40
] o
X 0
'2.200 R 20
> 250
5 0
300
350 £
10T
100 200 300 400 500 9
X (pixels) 2
e -

100

EPID

200 300

400

Profiles comparison
LY

100

200 300
X (pixels)

400

500

Global gamma matrix (3%/3mm)
15% threshold

1.5

50
100
150
200
250
300
350

0.5

100 200 300 400 500

Yy<1=78%

N particles/CP= 108

= Simulation of actual

delivery parameters
(EPID or log files)

Total simulation time: ~23h (178 CPs [75 cores])

Voxel size: 0.8x0.8.x0.52 mm?
O < 1%
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SCRCT

VGATE virtual machine releases:

e built on top Ubuntu 18.04 LTS

® GATE, GateContrib, Geant4, ROOT, ITK, VTK, vV, Imagel, Python3

Notebook...
® available as .ova file (7.4 GB)

cee maxime — @6110c38¢cb05d:/ — docker run -it opengatecollaboration/gate — 58x5
19:44 E15MC:~ > docker run -it opengatecollaboration/gate

Docker image releases:
e built on top CentOS 7 with Dockerfile [rootes110c38cbasd /1# Gate ——version
[root@s110c38cb05d /1#

® GATE, Geant4, ROOT

Gatelab (VIP) binary releases:
® built from the Docker image
® GATE, Geant4, ROOT

‘ http://gatelab.creatis.insa-lyon.fr
21
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kromek™

detect image identify

il Inserm

Training @ Kromek company 2019

17/ \\ L
BELE sme8  Workshop @ MCMA 2019

JUNE 17-21,2019 | MONTREAL, CANADA

15th Rencontres du Vietnam

nternational Conterence on Medical Physics and School

== july 29 TEUusE1,2019, ICISE, Quy Nhon, Vietnam
—_—

R -~
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Vietnam ?
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