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IDEAL v2

IDEAL v1

« Simulations: GateRTion v1 (C++/mac)

« 3 different python programs to:
« Preprocess the DICOM input
« Write mac file to start the
simulations in Gate
« Postprocess dose output

« Single threaded
« RAM limitation
« need for external parallelization
tools (HT Condor)
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IDEAL v2

IDEAL v1

« Simulations: GateRTion v1 (C++/mac)

« 3 different python programs to:
» Preprocess the DICOM input
* Write mac file to start the
simulations in Gate
» Postprocess dose output

+ Single threaded
* RAM limitation
» need for external parallelization
tools (HT Condor)
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Pencil beam source
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Toward IDEAL v2: pencil beam source

== <=

parallel convergent divergent

* Treatment plan is made of multiple pencil
beams

* Beam has a convergence

vYVYVYYY

: _ * Pencil beam modelled according to Fermi-
""" 7 I e Eyges theory*

- * Each particle is characterized by:
X * position x, y
' * direction x’, y' (projected angles on x and y)
3 * x and x’ are correlated

-> the bigger x’ the bigger will be the drift
N N in X direction

*Techniques of Proton Radiotherapy: Transport Theory B. Gottschalk May 1, 2012
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Toward IDEAL v2: pencil beam source

== <=

parallel convergent divergent

* Treatment plan is made of multiple pencil
beams

* Beam has a convergence

vYVYVYYY

* Pencil beam modelled according to Fermi-
Eyges theory*
* Each particle is characterized by:
* position x, vy
* direction x’, y' (projected angles on x and y)
* x and x’ are correlated

-> the bigger x’ the bigger will be the drift
in X direction

*Techniques of Proton Radiotherapy: Transport Theory B. Gottschalk May 1, 2012
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Toward IDEAL v2: pencil beam source

* 8 parameters to describe the correlated
momentum spread (each for the x and y)
* spotsize o
* divergence 6
* emittance ¢
* convergence flag [1,0]
-> sample particle’s position and direction

* 3 parameters to describe the
type, mean energy and energy spread
-> spread of Bragg peak

MedAustrond
lon Therapy Center "

© MedAustron GATE Scientific Meeting, Krakow 2023; Martina Favaretto |



Toward IDEAL v2: pencil beam source

* 8 parameters to describe the correlated ADD TO SIMULTION

ource = sim.add source("PencilBeamSource", '
momentum spread (each for the x and y) [
1 sgurce.energy.monc = 1440 * MeV
* SPOt Size o SOUrce.energy.sigma gauss = 0.1
i dlvergence 6 source.particle = "ion 6 12" # carbo
° . source.position.type = "disc'
em|ttance &E source.position.rotation = Rotation.from euler("y", -90, degrees=True).as matrix()
° Converge.nce ﬂag | [1,0] | | :E::::::E::Eﬂii;;:glz.]tr'ar|51_ati-:m = [-160 * mm, 20 * mm, 38 * mm]
-> sample particle’s position and direction source.direction.partPhsp x = |
2.3335754 * mm,
2. 54 * mrad,
° 3 parameters tO describe the ::EH;H;I.-'-:S.N_'J:: £ mm * mrad,
]
type’ mean energy and energy Spread source.direction.partPhSp vy
-> Spread of Bragg peak 1.96433431 * mm,

8 * mrad,
* mm * mrad,

0,
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Toward IDEAL v2: pencil beam source
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Toward IDEAL v2: pencil beam source

* 8 parameters to describe the correlated ADD TO SIMULTION
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Toward IDEAL v2: pencil beam source

* 8 parameters to describe the correlated
momentum spread (each for the x and y)

-> sample particle’s position and direction

* 3 parameters to describe the
type, mean energy and energy spread

spot size o
divergence 6
emittance ¢
convergence flag [1,0]

-> spread of Bragg peak

mm) Available in latest release !
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(test044_pbs*)

ADD TO SIMULTION

source

source.
50Urce.
S50Urce.
source.
source.
source.
source.
source.
source.

energy.type
/. mono
energy.si
particle
position

position.rotation = Rotation.from euler("y",
[-180 * mm,

position.translation =
n = 20008
direction.partPhSp x
335754 * mm,

335754 * mrad,

0.00078728 * mm * mrad,

e,
]

source.

0.000 18 *

direction.partPhSp y
* mm,
mrad,

8.00249161 * mm * mrad,

0,

20 * mm, 38 * mm]
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Treatment plan source
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Toward IDEAL v2: treatment plan source

© MedAustron

polefaces
of dipole magnets

tumor

first magnet second magnet last layer
horizontal vertical minimum energy
scanning scanning

GATE Scientific Meeting,

first layer
maximum energy

Krakow 2023; Martina Favaretto

Treatment plan is made of multiple pencil
beams, each irradiating a single spot
Each spot is characterized by:

* position (X, y)

* energy -> depth in the target

* weight -> number of particles to deliver
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Toward IDEAL v2: treatment plan source

polefaces * Treatment plan is made of multiple pencil

of dipole magnets

tumor beams, each irradiating a single spot
* Each spot is characterized by:
* position (X, y)
* energy -> depth in the target
* weight -> number of particles to deliver

first magnet second magnet last layer
horizontal vertical minimum energy
scanning scanning first layer
maximum energy
E‘Z.S
g
5 2.4
2.3 15 300 40
* Need to describe beam at nozzle exit: o3
* description of energy dependent parameters s

N

* geometry: position of steering magnets

[

e [mm*uyurad] o
o ¢

150 200 250 300 350 400
Energy [MeV]

MedAustron&

© MedAustron GATE Scientific Meeting, Krakow 2023; Martina Favaretto "
lon Therapy Center




Toward IDEAL v2: treatment plan source

polefaces * Treatment plan is made of multiple pencil

of dipole magnets

tumor beams, each irradiating a single spot
* Each spot is characterized by:
* position (X, y)
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Toward IDEAL v2: treatment plan source

* Gatel0 Treatment Plan source: array of Pencil Beam sources, one for each spot
* Only on python side, no Cpp implementation needed

ADD TO SIMULTION

* TInitialization: From RT dicom path

* Spots to scan

= gate.TreatmentPlanSource("RT plan", sim)

. .set beamline model (IR2HBL)
* from DICOM RT plan file path .set particles to simulate(nSim)
ihili .set spots from rtplan(rt plan)
* from .txt 2 backward compat|b|llty Gate 9 initialize tpsouree()
* each spot manually - testing and debugging I
rom .tx
° i spots, ntot, energles, G = gate.spots info from txt(
Beamline mOdeI ref path / "TreatmentPlandGate.txt", "ion 6 12"
* set Pencil Beam energy-dependent )

parameters ps.set spots(spots)

* Total number of particles to simulate
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Toward IDEAL v2: treatment plan source

* Gatel0 Treatment Plan source: array of Pencil Beam sources, one for each spot
* Only on python side, no Cpp implementation needed

ADD TO SIMULTION

* TInitialization: From RT dicom path
i SpOtS to scan = gate.TreatmentPlanSource("RT plan", sim)
. .set beamline model (IR2HBL)
* from DICOM RT plan file path .set particles to simulate(nSim)

* from .txt > backward compatibility Gate 9 jﬁ}ﬁg?};f{ggagﬁgi?‘"t—p‘-a”*
* each spot manually - testing and debugging B

From .txt
° Beam”ne model spots, ntot, energiles, = gate.spots info Trom txt(

] ref path / "TreatmentPlandGate.txt", "ion 6 12"
* set Pencil Beam energy-dependent )
parameters

ps.set spots(spots)

* Total number of particles to simulate
mm) Not yet available in latest release !

(PR #123)
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Benchmark against GateRTion v1

Range in water, absolute dose, optics, gantry rotation
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Benchmark test cases

Test Gate 10 vs GateRTion

* Range in water
* test051_TPsource_range_ref.py

Nozzle WET Air Water phantom

72 cm
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Benchmark test cases

Range in water

Test Gate 10 vs GateRTion ] T Sweo
* Range in water 6 “~
* test051_TPsource_range_ref.py s
3
;‘4
8 3
beam .
1 L
Nozzle WET Air Water phantom 0
0 10 20 30 40 50 60 70 80
position [mm]
72 cm
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Benchmark test cases

Range in water

Test Gate 10 vs GateRTion 7 = Gl
* Range in water 6 ~ G4 version 2
* test051_TPsource_range_ref.py g version -
) (10.03.p03 vs 11.01.p01)

L

0 10 20 30 40 50 60 70 80
position [mm]

Nozzle WET Air

Water phantom

72 cm

MedAustron&

© MedAustron GATE Scientific Meeting, Krakow 2023; Martina Favaretto II
lon Therapy Center




Benchmark test cases

Test Gate 10 vs GateRTion

* Range in water 6
* test051_TPsource_range_ref.py \/ s

3

‘;4

Nozzle WET Air

Water phantom

72 cm

© MedAustron
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Range in water

— Gate 10
—— GateRTion

G4 version ?

(10.03.p03 vs 11.01.p01)

L

10 20 30 40 50 60 70 80
position [mm]

Range difference < 1 mm
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Benchmark test cases

Test Gate 10 vs GateRTion

* Range in water
* test051_TPsource_range_ref.py \/

* Abs dose
* test051_Tpsource_abs_dose.py

Nozzle WET Air Water phantom

T2 cm
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Benchmark test cases

Test Gate 10 vs GateRTion Absolute dose
@)
: | X Gatel0 @)
* Range in water =" 3 GaterTion o ©° 9 X
< @) X X
* test051_TPsource_range_ref.py \/ g 044 Q Q X % X
o
o]
* Abs dose "«
e test051 TpSOUFCE abs dose.py 10.0 105 11.0 115 12.0 125 13.0 135 14.0
- - - 5.0
g 2.5
S 00
B X X X X
i X X
Nozzle WE'T Air Water phantom C 50 % X X
10.0 10.5 11.0 11.5 12.0 12.5 13.0 13.5 14.0
position [mm]
72 cm
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Benchmark test cases

Test Gate 10 vs GateRTion Absolute dose
@)
: | X Gatel0 Q
* Range in water =" 3 GaterTion o ©° 9 X
< @) X X
* test051_TPsource_range_ref.py \/ g 044 Q Q X % X
o
o]
* Abs dose "«
e test051 TpSOUFCE abs dose.py J 10.0 105 11.0 115 12.0 125 13.0 135 14.0
- - - 5.0
g 2.5
S 00
B X X X X
i x X
Nozzle WE'T Air Water phantom C 50 % X X
10.0 10.5 11.0 11.5 12.0 12.5 13.0 13.5 14.0
position [mm]
72 cm

MedAustron&

© MedAustron GATE Scientific Meeting, Krakow 2023; Martina Favaretto II
lon Therapy Center




Benchmark test cases

Test Gate 10 vs GateRTion

* Range in water
* test051_TPsource_range_ref.py \/

* Abs dose
* test051_Tpsource_abs_dose.py \/

* Optics: spots sizes and positions
* test051_TPsource_optics.py
* test0O51_TPsource_optics_vbl.py

Nozzle WIET Air
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Benchmark test cases

Optics

GateRTion Gate 10 (lower statistics)

Test Gate 10 vs GateRTion

* Range in water
* test051_TPsource_range_ref.py \/

* Abs dose
* test051_Tpsource_abs_dose.py \/

* Optics: spots sizes and positions
* test051_TPsource_optics.py
* test0O51_TPsource_optics_vbl.py

A — 2z GatelO
S { y Gatel0
Nozzle W1 Air 60 ‘ : --. z GateRTion
* --- y GateRTion
50
3| A
‘v ("
v In
O 301 Al
= \
20/ 'g
0‘
0 50 100 150 200 250 300
position [mm]
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Benchmark test cases

Optics

GateRTion Gate 10 (lower statistics)

Test Gate 10 vs GateRTion

* Range in water
* test051_TPsource_range_ref.py \/

* Abs dose
* test051_Tpsource_abs_dose.py \/

* Optics: spots sizes and positions
* test051_TPsource_optics.py \/
* test0O51_TPsource_optics_vbl.py

— 2z GatelO

S { y Gatel0
Nozzle W1 Air 60| ‘ --- 7z GateRTion
* ---- y GateRTion
501
B A
M i\
v In
O 301 Al
bt |
|
201 ‘|
0‘
0 50 100 150 200 250 300
position [mm]
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Benchmark test cases

Optics

GateRTion Gate 10 (lower statistics)

Test Gate 10 vs GateRTion

* Range in water
* test051_TPsource_range_ref.py \/

* Abs dose
* test051_Tpsource_abs_dose.py \/

* Optics: spots sizes and positions
* test051_TPsource_optics.py \/
* test0O51_TPsource_optics_vbl.py

— 2z GatelO
y GatelO

* Gantry rotation: range in water HBL vs VBL
* test051_TPsource_gantry_rot.py

-~ z GateRTion
-=-- y GateRTion

— - T3

20

)\

0 50 100 150 200 250 300
position [mm)]
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Benchmark test cases

Optics

GateRTion Gate 10 (lower statistics)

Test Gate 10 vs GateRTion

* Range in water
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* Gantry rotation: range in water HBL vs VBL
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Benchmark against
measurements

Range in water (MedAustron’s data)
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Benchmark against measurements

Tests against MedAustron measurement data pDS Rasli Air Water phanton

« MedAustron nozzle simulated in Gate 10 1

« Results before and after re-tuning beam energy A
mOdeI T2 cm

RiFi  [xit

« MA measurement vs Gate 10 (G4 11.1.p1) window

IDDs at 120.0 MeV/n for simulation with g4.11.1.p1 Range 80 for simulation with g4.11.1.p1

3.0 1
—— PMMA, old beam energy model ®
meas 9y ¥ 3 + PMMA, old beam energy model
2.5 1 ‘) — 200 4 *  PMMA_19 0, new beam energy model @
£ O  meas
E &
2
o 100 &
s T T T T T T
150 200 250 300 350 400
Energy [MeV]
T T T T T T T
0 5 10 15 20 25 30 35 —
. . E 0.5 +
= Absolute point difference E N +
o 02 v
g E 0.0 . X X x x
£ 0.0 AN &
= =
:
8 -0.2 T T T T T T T T T T T T T
o 0 5 10 15 20 25 30 35 150 200 250 300 350 400
Depth [mm] Energy [MeV]
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Benchmark against measurements

Tests against MedAustron measurement data DDS RaShi Air Water phantom

1C

« MedAustron nozzle simulated in Gate 10
« Results before and after re-tuning beam energy A
model 2

RiFi  [xit

« MA measurement vs Gate 10 (G4 11.1.p1) window

IDDs at 120.0 MeV/n for simulation with g4.11.1.p1 Range 80 for simulation with g4.11.1.p1
3.0 PMMA_19_0, new beam energy model ."\‘-, @
. meas P + PMMA, old beam energy model
2.5 1 Fo — 200 4 *  PMMA_19 0, new beam energy model @
| ' £ O  meas
= 2.0 1 £ »
S i P
1.5 4 1
g \ & 100 - s
o q
2 1.0+ {
1 ]
0.5 T T T T T T
3 150 200 250 300 350 400
0.0 - Sree— Energy [MeV]
T T T T T T T
0 5 10 15 20 25 30 35 —
. . E 0.5 +
= Absolute point difference E N +
o 02 ©
= v »
g @ 0.0 X X X X
£ 00 —_— - E— £
;E =
:
4 -0.2 T T T T T T T T T T T T T
o 0 5 10 15 20 25 30 35 150 200 250 300 350 400
Depth [mm] Energy [MeV]
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Conclusions

* IDEAL v2: simplify software architecture using Gate 10

* Features developed in Gate 10 for IDEAL v2:
* Pencil beam source -> included in latest release
°* Treatment plan source -> pull request #123

* Treatment plan source validation
* First validation against MA measurements promising === | MORE COMING

Range in water

polefaces test051_TPsource_range_ref.py
of dipole magnets ;
et Abs dose
test051_Tpsource_abs_dose.py
Optics: spots sizes and positions ‘/
test051_TPsource_optics.py
first magnet second magnet last layer test0O51 TPsource_o ptiCS_VbI Py
horizontal vertical minimum energy
SaRNIng scanning first layer Gantry rotation: range in water HBL "7VBL
SRS test051_TPsource_gantry_rot.py
MedAustrond
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Thank you for your attention!
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Implementation and features: (conventions are
directly transferred from Gate 9)

® Each PBS is initialized at the nozzle exit and
position and direction are calculated according to
the beamline model provided, so that the beam
reaches the planned spot.

®* By default, the TPS is initialized at gantry angle 0
(vertical beamline).

®* TPS rotation can be read from the treatment plan
(if provided) or set manually.

® TPS translation is also possible.

® Each spot gets a fraction of the particles to
simulate, proportional to the planned particles for
that spot.
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DDS RaShi Air

Water phantom DDS RaShi A Wator phantom
T2 cm T2 cm
RiFi [xit RiFi  Ixit
) window
window
DD5S RaShi Air
RilFi [Exit
window
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