
Limits of current TPS for Radiotherapy. 
Why use Monte Carlo?

Alan E. Nahum PhD
Physics Department
Clatterbridge Centre for Oncology, Bebington, Wirral
CH63 4JY  UK
(alan.nahum@ccotrust.nhs.uk)

SystŁmes de planification des traitements par Monte Carlo: vers un 
nouveau paradigme en radiothØrapie?

Vendredi 4 avril 2008, Institut Gustave-Roussy Villejiuf, France. 



Photons

��
��

Bremsstrahlung

Comton-
scattered 
photon

Pair 
production

Photoelectric 
absorption

Delta 
ray

There are no analytical solutions to radiation 
transport except in very simple approximations
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A. Choose photon energy from spectrum (if, say, bremsstrahlung source).

B. Compute distance from surface/entrance point in medium to 1st interaction

C. Choose interaction type  (Pair, Compton, Photoelectric, Rayleigh/coherent) 

D. If COMPTON, �choose� (i.e. sample from Klein-Nishina differential cross-section  
using pseudo-random numbers) energy of scattered photon, angular deflection and 
secondary electron (kinetic) energy    

If PAIR, terminate photon history; choose energy of positron and electron, then 
�choose� directions of these particles. 

If PHOTO, terminate photon history, deposit energy at position of interaction

If RAYLEIGH, �choose� angular deflection, no energy loss. 

E. IF COMPTON or RAYLEIGH then transport scattered photon to next interaction and 
repeat above etc. ELSE if either PAIR or PHOTO then  start new photon history.



AN ELECTRON �PENCIL�



��Condensed-history� transport scheme: multiple scatter, 
stopping power etc. (Berger, 1963)
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A schematic illustration of the segments of a �condensed-history� electron track.



Visualisation
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An electron �pencil� (courtesy of Pedro Andreo)





EGSnrc (the new version of the Electron Gamma Shower (EGS) code system, following on from EGS4 
(Nelson et al. 1985) the most widely used code in medical physics, cited thousands of times in the medical 
physics literature; EGSnrc is the only code demonstrated to be able to simulate (gas-filled) ion chamber 
response in an entirely valid manner)
http://www.irs.inms.nrc.ca/inms/irs/EGSnrc/EGSnrc.html

BEAMnrc (technically not an independent code but a version of the EGS system designed for modelling 
radiotherapy treatment machines, primarily a research tool, as it is not optimised for speed)
http://www.irs.inms.nrc.ca/inms/irs/BEAM/beamhome.html

MCNPX (includes neutron transport; extensive use in nuclear power industry and now in medical physics)
http://mcnpx.lanl.gov/

GEANT4 (huge, many-particle MC toolkit; beginning to be used in medical physics)
http://geant4.web.cern.ch/geant4/

PENELOPE (sophisticated electron transport; a research code)
http://www.nea.fr/html/dbprog/penelope-2003.pdf

PEREGRINE (developed for radiotherapy planning; available commercially through the NOMOS corporation)
http://www.llnl.gov/peregrine/

MCDOSE/MCSIM (developed for fast treatment planning, based on EGS4/BEAM but optimized for speed due 
to, e.g. electron-track repeating; has user-friendly, measurement-based clinical beam commissioning system)
http://www.fccc.edu/clinical/radiation_oncology/monte_carlo_course.html

Voxel-MC (VMC++) (developed specifically for fast treatment planning; exploits electron-track repeating; is 
the MC dose engine for electron-beam treatments in the Oncentra/Masterplan TPS)

DPM (developed specifically for fast radiotherapy treatment planning; electron transport scheme involves 
large condensed-history steps crossing medium boundaries)
http://www.upc.es/inte/downloads/dpm.htm
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A Monte Carlo study of IMRT beamlets in inhomogeneous media

Andrew O. Jones et al Medical Physics 30 296ff 2003




