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Verification for proton therapy

Physical verification:
e Each field is measured in a solid water phantom
 Measurements at limited points
* In homogeneous geometry

* Time consuming

Figure courtesy: P. Sitch

A. Aitkenhead et al. “Automated Monte-Carlo re-calculation of proton therapy plans using Geant4/Gate: Implementation and comparison to plan-specific
quality assurance measurements”, accepted in BJR (2020)



heorsie OPTIMa EPSRC @ scrmstretrnn { PATF

‘Manchester NHS Foundation Trust o @ Facilities Council

n Therapy through | ;,1,,

Verification for proton therapy

Software verification:
* Independent dose calculation engine
e Often Monte Carlo based

e At the Christie NHS Foundation Trust:

e GATE [14] v8.1 / GEANT4 [11] v10.3.3, matching the versions
used in GATE-RTION Vv1.0.

e AUTOMC: Automatic re-calculation and analysis framework.
e 40-core cluster.

e Verified for 153 patients (730 fields) planned within the first
year of the proton service.

Picture: C. Winterhalter, ETH Diss 25698

A. Aitkenhead et al. “Automated Monte-Carlo re-calculation of proton therapy plans using Geant4/Gate: Implementation and comparison to plan-specific
quality assurance measurements”, accepted in BJR (2020)

Grevillot, L., et al. "GATE-RTion: a GATE/Geant4 release for clinical applications in Scanned lon Beam Therapy." accepted in Medical Physics. (2020) 3



e OPT'ma EPSRC @ sorsroren s PATF

hester NHS Foundation Trust opi n Therapy through | ;,L,

Monte Carlo for proton therapy

Geant4 based dose calculations:

e Calculation speed! E

AIM OF THIS PROJECT:

Investigate influence of GEANT4
settings on dose results and
calculation time

Picture: C. Winterhalter, ETH Diss 25698
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GEANT 4 settings for proton therapy

* Physics lists More
o QGSP_BIC accurate

e QGSP BIC_EMY /
« QGSP BIC_EMZ

e QGSP_BIC_HP_EMZ

Faster

e Cuts in phantom/range shifter & cuts in world
e 1 mm & 10 mm (large) t Z
e 0.1 mm & 1 mm (small) ‘ /

e Step limiter
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How do these Geant4 settings influence...

.. the agreement to commissioning
measurements?

* Depth dose curves of single energy proton
spots in a water tank

e Beam sizes in air after the range shifter

Picture: C. Winterhalter, ETH Diss 25698

e ... the agreement to patient specific
qguality assurance measurements?

e Patient fields simulated in a solid water
phantom
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How do these Geant4 settings influence...

e ... the agreement to commissioning
measurements?

* Depth dose curves of single energy proton
spots in a water tank

e Beam sizes in air after the range shifter

Picture: C. Winterhalter, ETH Diss 25698

.. the agreement to patient specific
qguality assurance measurements?

e Patient fields simulated in a solid water
phantom
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Energy tuning

Agreement within error bars,
no substantial dependence on

| | | physics models or cuts.

0.6}
g
=
z i § i % % % -
:
=
- 0.2} ]
o
&
! EI,_
=
- QGSP_BIC
S o oL QGSP_BIC_EMY ==
i QGSP_BIC_EMZ

QGSP_BIC_HP_EMZ
-0.4

100 150 200 250
Energy Nominal [MeV]



MANCHESTER %lsﬂe O PT | ma E P S RC science & Technology ' g A T[

The University of Manchester NHS Foundation Trust  optim = Facilities Council

Energy tuning

Agreement within error bars,
no substantial dependence on

| | | physics models or cuts.
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Energy tuning — calculation times Z

e Physics lists:
e QGSP_BIC_EMY: factor 1.2/1.5 faster than QGSP BIC HP EMZ
* QGSP BIC EMZ: factor1.0/1.1 faster than QGSP BIC HP EMZ

e Cuts in phantom/range shifter & cuts in world
* 1mm&10 mmvs 0.1 mm & 1 mm: factor 5.3-7.2

e Step limiter: Factor 4.5-5.9

10
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How do these Geant4 settings influence...

e ... the agreement to commissioning
measurements?

* Depth dose curves of single energy proton
spots in a water tank

 Beam sizes in air after the range shifter

Picture: C. Winterhalter, ETH Diss 25698

.. the agreement to patient specific
qguality assurance measurements?

e Patient fields simulated in a solid water
phantom

11
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Beam sizes in air

Energy = 150 MeV
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Beam sizes in air

Energy = 158 MeV
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How do these Geant4 settings influence...

e ...the agreement to commissioning
measurements?

* Depth dose curves of single energy proton
spots in a water tank

e Beam sizes in air after the range shifter

Picture: C. Winterhalter, ETH Diss 25698

e ... the agreement to patient specific
quality assurance measurements?

e Patient fields simulated in a solid water
phantom

14
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Comparison to solid water measurements

34 fields, 200 measurements:

QGSP_BIC_EMZ (small cuts): 96.9 %, 253 CPUh/field (0.6% uncertainty)
QGSP_BIC_EMZ (large cuts): 97.0%, 54 CPUh/field (0.6% uncertainty)
QGSP_BIC_EMY (large cuts): 97.1%, 46 CPUh/field (0.6% uncertainty)

50 I I
Scenario Physics list Cuts N <90% <95% <98%

— 5 QGSP BIC EMZ Small 200 85 325 64.5
|| —6 QGSP_BIC_EMY Large 200 55 31.5 62.0
— 6 QGSP_BIC_EMZ Large 200 6.0 285 645

rapy thro
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Comparison to solid water measurements

34 fields, 74 measurements:

QGSP_BIC_EMZ (small cuts): -1.2%, 253 CPUh/field (0.6% uncertainty)
QGSP_BIC_EMZ (large cuts): -0.9%, 54 CPUh/field (0.6% uncertainty)
QGSP_BIC_EMY (large cuts): -1.0%, 46 CPUh/field (0.6% uncertainty)

30 T l !
Scenario Physics list Cuts N Median Std

— 5 QGSP BIC EMZ Small 74 -1.20 0.96
— G QGSP_BIC_EMY Large 74 -0.89 1.09[]
w— 6 QGSP_BIC_EMZ Large 74 -1.02 0.94
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Dose in the patient CT

Dose diff.
[% of
1.8Gy]

Neck, sagittal

a) 1068 CPU.h . : d) 491 CPU.h

o}
[T
|
b
=
[Ea)
=
]
|
frar
I
2]
1]
=
m
|
]
(o

Dose difference, Dose difference, Dose difference,
QGSP_BIC_HP _EMZ QGSP_BIC_EMY QGSP_BIC_EMZ
(0.1mm, 1mm) - (0.1mm, Imm)- (1mm, 10mm) -




MANCH%%EER %istie O PT I ma E PS RC Science & Technology '

The University of Manchester NHS Foundation Trust  opimising Proton Therapy through | W@ Facilities Council

GEANT 4 settings for proton therapy

* Physics lists More
o QGSP_BIC accurate

e QGSP BIC_EMY /
« QGSP BIC_EMZ

e QGSP_BIC_HP_EMZ

Faster

e Cuts in phantom/range shifter & cuts in world
e 1 mm & 10 mm (large) tg
e 0.1 mm & 1 mm (small) ‘ /

e Step limiter

_ BATE
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GEANT 4 settings for proton therapy

* Physics lists Viore
* QGSP_BIC—depends on step limiter 5ccyrate Faster

« QGSP_BIC_EMY ‘/ t
* QGSP_BIC_EMZz " Z
e QGSP_BIC_HP_EMZ - no change of dose in target region
e Cuts in phantom/range shifter & cuts in world
e 1 mm & 10 mm (large)
e 0.1 mm & 1 mm (small) ‘ /1 Z

e Step limiter - default

_ BATE
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