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Tool for Particle Simulation

2368 Users at 
616 Institutions in 

67 Countries

Score Dose, 
Fluence, etc. 

to various 
formats: 

csv, binary

phase space


nTuple

DICOM

4-Dimensional



Users can build complex and precise models, 
such as this Proton Therapy system



Same Application can model MV Linac



Cobalt Therapy System
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TOPAS: Wrap Geant4 for Particle Therapy
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HDR Brachytherapy
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Prompt Gamma Range Verification

7

© Joost Verburg, MGH
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Geant4 Data 
Files

Standard Geant4 
Physics Cross-

Section Data Files

User
Parameter File

( text file ) 
provides user's 

customization of 
simulation parameters

Geant4 
Simulation 

Toolkit
( C++ )

Standard Geant4 

TOPAS 
Application

( C++ )
Uses and Extends 

Geant4 for Radiation 
Therapy

Other 
Parameter Files

( text file )
additional simulation 

parameters

etc.
parameter file 

hierarchy may be 
arbitrarily complex

Other 
Parameter Files

( text file )
additional simulation 

parameters

Other 
Parameter Files

( text file )
additional simulation 

parameters

Geant4 Inside
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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"

TOPAS Parameter Control System: Up to speed in 2 Hours
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Wide Selection of  Geometry Components

10



March 2023                                         TOPAS Capabilities and Outlook                                             Joseph Perl 

Pre-Built Complex Components

11
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Specialized Geometry Components for Imaging
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Optical Physics

13
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GUI for Rapid Prototyping
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Collaboration through Sharing of Parameter Control Files

User File
Overall control

Gantry 1
Nozzle details

Nozzle
Definition

Gantry 2
Nozzle details

Default File
Basic definitions

Patient or Phantom
CT file names, etc.

General Patient 
handling parameters, 
HU conv. tables, etc.

Flat Panel Imager 
Definition

Flat Panel Imager
Customization
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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

16
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Image Handling

• DICOM Input and Output through gdcm


• 4D


• RTStruct


• RTPlan


• XCat


• ImageCube 


• Flexible system of Imaging to Material Converters


• Multi-modality


• DECT, etc
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TPS Integration

TPS - Pencil Beam TOPAS - Monte Carlo Difference65 
Gy

0

5 
Gy

- 5 
Gy

10 beams (6 directions + 4 boost)
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Four Years Ago


Proton, X-Ray, Electron, Ion


679 Users


271 Institutions


37 Countries


257 citations in Google Scholar

Rapid Growth of our User Community
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Today


Proton, X-Ray, Electron, Ion, Brachy, Imaging, Nuclear Med


2368 Users


616 Institutions


67 Countries


794 citations in Google Scholar

Rapid Growth of our User Community
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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
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TOPAS base classes do all the hard work

User writes only parts above this line

Allows User  Extensions to 
exploit the TOPAS 
Parameter Control System

TsParameter
Manager

TsV
GeometryComponent

UserWritten
GeometryComponent

UserWritten
PhysicsList

TsV
Scorer

TsVImagingToMaterial
Converter

UserWritten Imaging
ToMaterialConverter

UserWritten
Scorer

TsV
Scorer

TsV
Filter

UserWritten
Filter 

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

TsExtension
Manager

UserWritten
OutcomeModel

G4V
PhysicsList

TsV
OutcomeModel

Also:

Particle Sources 

Magnetic Field Descriptors 
Electric Field Descriptors


More


Still an Integrated Application

TOPAS Extensions System

For example, a user added a 
scorer that supports smearing
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How can Geant4-DNA model  
radiation biology ? 

4 

Physics stage 
step-by-step modelling of 

physical interactions of incoming 
& secondary ionising radiation 
with biological medium (liquid 

water) 

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 

•  Excited water molecules 
•  Ionised water molecules 
•  Solvated electrons 

Biology stage  
DIRECT DNA damages 

Biology stage 
INDIRECT DNA damages (dominant @ low LET) 

t=0 t=10-15s t=10-6s 

nBio
Extensions Example: Radiation Biology

23



March 2023                                         TOPAS Capabilities and Outlook                                             Joseph Perl 

Major Imaging Extension soon to be released
Paper under review at PMB

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


• Under Review at Physics in Medicine and Biology


•

24
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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.
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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
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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)

27



Tool for Particle Simulation

TOPAS supported by the U.S National Institutes of Health ITCR under contract U24CA215123

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 biology


TOPAS has been developed by:

Bruce Faddegon

Harald Paganetti

Joseph Perl

Jan Schümann

Jungwook Shin

David Hall

Aimee McNamara 

José Ramos

Alejandro Bertolet

Jhonatan Hernandez

Naoki Kondo

Hoyeon Lee 
Ramon Ortiz 
Wook-Geun Shin
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