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Score Dose,
Fluence, etc.
to various
formats:

Csv, binary
phase space
nTuple
DICOM
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4-Dimensional

2368 Users at
616 Institutions In
67/ Countries
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Users can build complex and precise models,
such as this Proton Therapy system
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Cobalt Therapy System
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HDR Brachytherapy
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Prompt Gamma Range Verification

© Joost Verburg, MGH
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TOPAS
Application

(C++)
Uses and Extends
Geant4 for Radiation
Therapy

Geant4

Simulation
Toolkit

(C++)
Standard Geant4

Geant4 Inside

User

Parameter File

( text file )

provides user's
customization of
simulation parameters

Other

Parameter Files
( text file )
additional simulation
parameters

Geant4 Data

Files
Standard Geant4
Physics Cross-
Section Data Files

TOPAS Capabilities and Outlook

Other

Parameter Files
( text file )
additional simulation
parameters

Other

Parameter Files
( text file )
additional simulation
parameters

etc.
parameter file
hierarchy may be
arbitrarily complex
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TOPAS Parameter Control System: Up to speed in 2 Hours
\\ \ \ !

s:Ge/XRaySystem/Type = "Group”
s:Ge/XRaySystem/Parent = "World"
d:Ge/XRaySystem/RotZ. = 90. deg
d:Ge/XRaySystem/TransX = 0. cm

s:Ge/XRayExitWindow/Type = "TsCylinder”
s:Ge/XRayExitWindow/Parent = "XRaySystem"
s:Ge/XRayExitWindow/Material = "G4 _Ti"
d:Ge/XRayExitWindow/RMax =5. mm
d:Ge/XRayExitWindow/HLZ = 0.05 mm

s:So/LinacBeam/Type = "Beam”
s:So/LinacBeam/Component = "XrayExitWindow"
s:So/LinacBeam/BeamParticle = "gamma”
d:So/LinacBeam/BeamEnergy = 6. MeV
u.So/LinacBeam/BeamEnergySpread = 0.2
s:So/LinacBeam/BeamPositionDistribution = "Gaussian'’
s:So/Demo/BeamPositionCutoffShape = "Ellipse”

March 2023 TOPAS Capabilities and Outlook



Wide Selection of Geometry Components

10
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Pre-Built Complex Components
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Specialized Geometry Components for Imaging

Ge/MyComponent/Material 4+  Ge/MyComponent/Pixel/Material
\ /
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rd

11 +—Pixel index

PitchY<

> PixelSizeY

PitchX ——
PixelSizeX
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Optical Physics

Docs » Optical » WavelengthShifter.txt () Edit on GitHub

Basic

Brachytherapy

Graphics WavelengthShifter.txt

MVLinac

Nozzle

3 Optical OpticalMaterialSample. txt

OpticalMaterialSample.txt 1:Ts/SequenceVerbosity = ©

OpticalPhotonCount.txt

, b:Ts/PauseBeforeQuit "False"
PixelatedDetector.txt b:Ts/ShowCPUTime = "True"
PlasticScintillator.txt 1:Ts/ShowHistoryCountAtInterval= 10000
Rotating_Surfaces.txt
5:Sc/PhSpl/Quantity "PhaseSpace"
Surfaces.txt s:Sc/PhSpl/Surface "WLS/0uterCurvedSurface"
: 5:5¢/PhSpl/OutputType "ASCII"
WavelengthShifter.txt 5:5¢/PhSpl/OutputFile “"In"
e s:Sc/PhSpl/IfOutputFileAlreadyExists "Overwrite"
b:Sc/PhSpl/IncludeTime0fFlight "true”
Patient b:Sc/PhSpl/UsePDGEncoding "True"
sv:Sc/PhSpl/OnlyIncludeParticlesFromVolume = 1 "Plastic"
PhaseSpace s:S5¢/PhSpl/0nlyIncludeParticlesGoing "in"
Scoring 5:Sc/PhSp2/Quantity "PhaseSpace"

- s:S5c/PhSp2/Surface "WLS/Core/ZPlusSurface"
SpecialComponents s:5¢/PhSp2/0utputType "ASCIT"
TimeFeature s:5¢/PhSp2/0utputFile "Out"

s:Sc/PhSp2/IfOutputFileAlreadyExists = "Overwrite"
UCSFETF b:Sc/PhSp2/IncludeTime0fFlight "true"

b:S5c/PhSp2/UsePDGEncoding "True"
VarianceReduction
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Scene tree Parameter Control

+Scorer

Parameter

sc:Ce/MyBox/Color
sc:Ge/MyBox/DrawingStyle
dc:Ge/MyBox/HLX
dc:Ge/MyBox/HLY
dec:Ge/MyBox/HLZ
bc:Ge/MyBox/Invisible
sc:Ge/MyBox/Matenal
sc:Ce/MyBox/Parent
dc:Ge/MyBox/RotX
dc:Ge/MyBox/RotY
dc.Ge/MyBox/RotZ
de:Ge/MyBox/TransX
dc:Ge/MyBox/TransY
dc:Ge/MyBox/TransZ
ic:Ge/MyBox/XBine
ic:Ge/MyBox/YBins
ic:Ge/MyBox/ZBirs
sc.Ge/MyCylinder/Color
deGe/MyCylinder/DPhi
sc:Ge/MyCylinder/DrawingStyle
de:Ge/MyCylinder/HL
be:Ge/MyCylinder/Invisible
uc:Ge/MyCylinder/...
uc:Ge/MyCylinder/...

uc:Ge/MyCylinder/...

FDF

Value
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WireFrame
25m
Tm

Tm

G4_WAIER <
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anged parameters have been saved 10: ChangedParameters_1.txt

GUI for Rapid Prototyping

Joseph Perl
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Collaboration through Sharing of Parameter Control Files

User File
Overall control

Patient or Phantom /7_\ Flat Panel Imager

CT file names, etc. Customization

Gantry 1 Gantry 2
I Nozzle details Nozzle details
General Patient : ; Clat Panel |
handling parameters, at Fanel Imager

HU conv. tables, etc. Nozzle Definition
Definition

e

Default File
Basic definitions
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Designed for Portability and Integration

 Limited dependencies (only Geant4, gdcm and Qt)
« Runs on any common desktop, cluster or cloud

 Easily driven from scripts

March 2023 TOPAS Capabilities and Outlook Joseph Perl
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Image Handling

» DICOM Input and Output through gdcm

« 4D

« RTStruct

» RTPIlan

« XCat

» |[mageCube

» Flexible system of Imaging to Material Converters
« Multi-modality

« DECI, etc

March 2023 TOPAS Capabilities and Outlook
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TPS Integration

65

TPS - Pencil Beam Gy TOPAS - Monte Carlo G5y Difference

10 beams (6 directions + 4 boost)
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Rapid Growth of our User Community
Four Years Ago

Proton, X-Ray, Electron, lon
679 Users
271 Institutions
37 Countries

257 citations in Google Scholar
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Rapid Growth of our User Community
Today

Proton, X-Ray, Electron, lon, Brachy, Imaging, Nuclear Med
2368 Users
616 Institutions
67 Countries

794 citations in Google Scholar
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Three Modes of User Engagement

» Standard Users
Prebuilt executables, all user work is through parameter control files

« Extensions Developers
Able to extend TOPAS by writing small amounts of C++

« Open Source Community
Open Source Initiative MIT License

March 2023 TOPAS Capabilities and Outlook Joseph Perl
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TOPAS Extensions System

TsExtension
Manager
We provide as skeleton.
User adds lines to call their
C++ extensions

UserWritten UserWritten UserWritten UserWritten UserWritten UserWritten Imaging
GeometryComponent PhysicsList Scorer Filter OutcomeModel ToMaterialConverter
T — e — e — T — T —

User writes only|parts above this line

TOPAS base classes|do all the hard work

\V4 \V/ \V/ \V4 \V4 \V4
TsV G4V TsV TsV TsV TsVimagingToMaterial
GeometryComponent PhysicsList Scorer Filter OutcomeModel Converter

Also:

Particle Sources

Magnetic Field Descriptors
Electric Field Descriptors

TsV
Scorer

For example, a user added a
scorer that supports smearing

More
TsParameter
Manager : : :
Allows User Eﬂensions o Still an Integrated Application
exploit the TOPAS
Parameter Control System
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Extensions Example: Radiation Biology

How can Geant4-DNA model 30 nm chromatin fiber 1 l l l l
radiation biology ¢

‘.‘ Physics stage
o

step-by-step modelling of * Excited water molecules
physical interactions of incoming I * lonised water molecules (a )
& & secondary ionising radiation * Solvated electrons

with biological medium (liquid

water) .

B Physicochemistry/chemistry stage
* Radical species production
* Diffusion
* Mutual interactions

Geometry stage
DNA strands, chromatin fibres, chromosomes, whole cell nucleus, cells...

for the prediction of damages resulting from direct and indirect hits

Biology stage Biology stage
DIRECT DNA damages INDIRECT DNA damages (dominant @ low LET)

TOPAS Capabilities and Outlook Joseph Perl
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Major Imaging Extension soon to be released

Paper under review at PMB

TOPAS-imaging: Extensions to the TOPAS simulation toolkit for medical imaging systems

Hoyeon Lee’, Bo-Wi Cheon?, Joseph W. Feld3, Kira Grogg#, Joseph Perl>, José A. Ramos Méndez®, Bruce
Faddegon®, Chul Hee Min?, Harald Paganetti’, and Jan Schuemann’

| Department of. of Radiation Oncology, Massachusetts General Hospital and Harvard Medical School, Boston, MA 02114, USA
2Department of Radiation Convergence Engineering, Yonsei University, Wonju, Gangwon-do 26493, Republic of Korea
3Electrical Engineering and Computer Science Department, Massachusetts Institute of Technology, Cambridge, MA 02139, USA

4The Gordon Center for Medical Imaging, Department of Radiology, Massachusetts General Hospital and Harvard Medical School, Boston, MA 02114, USA.

>SLAC National Accelerator Laboratory, Menlo Park, CA 94025 USA.

SDepartment of Radiation Oncology, University of California San Francisco, San Francisco, CA 94115 USA.
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Outlook: Imaging and Nuclear Medicine

« Work with others to develop more specialized Geometry Components and

Scoring features for Imaging, and specialized Particle Source models for
nuclear medicine

so that what can currently do by writing their own extensions
becomes features that are already pre-built in the TOPAS kernel.

March 2023 TOPAS Capabilities and Outlook Joseph Perl 25



Outlook General

« Support users at all levels - Standard, Extensions, Open Source

« TOPAS collaboration focuses on specific areas where our expertise is
most required

 Variance Reduction and other speedups
« Memory management

 Big plans for how to remove barriers for cluster and cloud use

March 2023 TOPAS Capabilities and Outlook Joseph Perl
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Outlook

» Our current funding runs only through this May
« New U24 is currently under review. Study section meets end of this month
- Fingers Crossed

- (and one way or another, we will find a way)

March 2023 TOPAS Capabilities and Outlook Joseph Perl
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Tool for Particle Simulation
http://topasmc.org

To use Monte Carlo transport for radiation therapy research in the past, one had to be both an expert
in Monte Carlo and an expert in medical physics.

-
With TOPAS, it is sufficient to be an expert in medical physics or '
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TOPAS has been developed by:
Bruce Faddegon
Harald Paganetti
Joseph Perl

Jan Schumann
Jungwook Shin
David Hall

Aimee McNamara
José Ramos
Alejandro Bertolet
Jhonatan Hernandez
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