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Not New !!!

• Geant4 is well established in the medical physics.

• Please do not refer to it as a new or emerging area for Geant4.
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AAPM 2012
• Largest medical physics meeting world wide
• 59 Abstracts mention Geant4 (using it, benchmarking other tools 

against it, etc.)
• http://www.aapm.org/meetings/2012AM/PRSearch.asp?mid=68
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Benchmarking 
against Geant4

MRIgRT

Dosimetry

Linac

Prompt 
Gamma

Hadron Induced 
therapy

Proton Therapy

Scanning 
Proton
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• And all of this is just one medical conference
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There is no One Medical 
Physics Use Case

• physics list?

• requirements?
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courtesy of Akinori Kimura, gMocren group, JST/CREST project, Japan

Proton Therapy
70 - 230 MeV
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Jungwook Shin et al, Proton Therapy Center, National Cancer Center, Korea

Treatment Head Simulation
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Conformal Treatment Plans

Bussiere and Adams, 2003
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“External”
“Internal”

Phantoms implemented into the Geant4 Monte 
Carlo dose calculation environment at Mass. 

Gen. Hosp.
14
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Pediatrics
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Heidelberg Ion Therapy Centre, Courtesy by Stern, Gruner+Jahr AG & Co KG, Germany | © dkfz.de

Heavy Ion Therapy

~ 300 MeV / nucleon
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Image courtesy of Varian Medical Systems, Inc. All rights reserved.

Linac Therapy
5-21 MeV
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Varian TrueBeam

Linking Computer-Aided Design (CAD) to Geant4-based
Monte Carlo Simulations for Precise Implementation of
Complex Treatment Head Geometries 
Magdalena Constantin, Dragos E. Constantin, Paul J. Keall
- Stanford Univ
Anisha Narula, Michelle Svatos - Varian Medical Systems
Joseph Perl - SLAC
Phys. Med. Biol. 55 N211    doi: 10.1088/0031-9155/55/8/N03
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TomoTherapy

Image courtesy of Accuray Inc. All rights reserved.
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CyberKnife

Image courtesy of Accuray Inc. All rights reserved.
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Gamma Knife

Images courtesy of Elekta AB. All rights reserved.
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LDR Brachytherapy

Jean-François Carrier, CHUM
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LDR Brachytherapy

Jean-François Carrier, CHUM
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HDR Brachytherapy

Paul Gueye, Hampton University
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X-Ray Based Imaging

Tdvorak

Tens of keV

CT, 
Mammography, 
Radiagraphy
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MV
Imaging

Low-dose megavoltage cone-beam CT for radiation 
therapy, Jean Pouliot et. al.,

Int Journal Rad Onc*Bio*Phys, Volume 61, Issue 2, 
1 February 2005, Pages 552–560

Siemens Oncology Care Systems
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Proton Computed Tomography

anatoly@uow.edu.au

Monoenergetic 
transmission 
proton beam

Silicon strip detectors,
record proton position and direction

Human head phantom

Scintillator crystal to 
record proton energy loss
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Prompt Gamma
• Compton Camera

Effect of detector parameters on the image quality of Compton camera for 99mTc
S.H. Ana, H. Seoa, J.H. Leeb, C.S. Leeb, J.S. Leec, C.H. Kima

NIM, Volume 571, Issues 1–2, 1 February 2007, Pages 251–254
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PET

Jens Langner - http://www.jens-langner.de/
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Optical Imaging
• OPET = Optical tomography + Positron emission tomography

A Douraghy, F Rannou, G Alexandrakis, RW Silverman and AF Chatziioannou, FPGA Electronics for 
OPET: A dual-modallity optical & PET imaging tomography,AMI-SMI conference, Providence RI, 2007
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Linac / MRI

Univ. Alberta Linac-MR Project

anatoly@uow.edu.au
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Molecular Imaging
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Radiation Protection

Harald Paganetti, Harvard / MGH
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Shielding
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Microdosimetry

Sebastien Incerti, CENBG
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Nanodosimetry

GEANT4-DNA project
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Future of Medical Physics

• Again from Robert Jeraj’s AAPM talk:
• The future of medical physics is biology

• Enthusiasm for Geant4-DNA project
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Why do So Many 
Medical Physicists 
Choose Geant4?

Other MC codes in medicine:
• EGSnrc, MCNPX, PENELOPE, FLUKA, XVMC, VMC++

Geant4 is the only code that offers all of:
• All Particle Code
• Complex Geometry
• Motion
• Fields
• Modern Programming Language
• Open and Free

37
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Lateral Motion of Lung Tumor
4D
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© Eike Rietzel

- Breathing Patient -
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Characterize Tumor Motion
4D
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Source: Varian Medical Systems

Multileaf Collimator
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+ + + ……

 4D RT Treatment Plan

Optimize dose 
distribution in 
spatial and 
temporal domains

Y. Yang, S. Huq, L Xing, Med. Phys, 2006Source: Lei Xing, Stanford University

This slide is just to 
explain patient 
motion, but the work 
shown here is not 
using Geant4

42
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Scanned Beam Nozzle

• Beam scanning achieved by magnetic 
fields (X, Y) and changing incident 
beam energy (Z)

• Magnetic field values
– Y magnet: 0.72 T (max)
– X magnet: 0.39 T (max)

• Purpose: Determine magnetic field 
uncertainty that produces significant 
dose impact

Variations in Scanned Beam Proton Therapy 
Doses due to Random Magnetic Beam 
Steering Errors - Geant4

Stephen Peterson, Jerimy Polf,
Steven Frank, Martin Bues, Alfred Smith
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Monte Carlo Simulation

• Monte Carlo simulations performed using the 
Geant4 software toolkit version 8.1.p01

• Geant4 chosen for ability to model the beam 
steering magnetic fields
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Creating 3D Dose Distribution
• The dose distribution is 

assembled during 
simulation by adjusting 
the spot energy and 
steering magnetic fields

45
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Challenges
• Ease of Use

• collaborations tend to have only a few people

• Physics
• therapeutic ratio means

tight margins
(few percent, few mm)

• Speed
• enthusiastic about our

move towards MT and
our exploration of GPU

Podgorsak et al, Radiation Oncology Physics Handbook, IAEA 2005
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Feedback
• Our open and friendly attitude is working

• Understanding of our limitations

• Increasing engagement
• more joining as collaborators
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23,000,000
number of times a patient receives radiation 
therapy treatment per year in the US alone

1.5 million new cancer diagnoses per year
2/3 of these receive radiation as part of their treatment

treatment delivered as on average 23 fractions
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230,000,000
for whole world
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230,000,000
+

all the other benefits 
from improved imaging
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Stanford University Dept of 
Radiation Oncology
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