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Rationale for MCTP



Summary

• Review of MC codes in radiotherapy

• History of MC method in radiotherapy planning
• Use of MC in treatment planning

– Benchmarking TPS
– Clinical dose calculation

• Different approaches in MCTP
• Phsp files
• Source models
• CT numbers

• Current status



General purpose MC codes
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Literature review: 1970-2007

http://portal.isiknowledge.com



MC codes by subject categories



MC treatment planning

• Continuous rise of MCTP related papers
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Scientific production in MCTP
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• Review of MC codes in radiotherapy

• History of MC method in radiotherapy planning
• Use of MC in treatment planning

– Benchmarking TPS
– Clinical dose calculation

• Different approaches in MCTP
• Phsp files
• Source models
• CT numbers

• Current status



1995: BEAM



BEAMnrc



Code flexibility



Phase space files
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Tracking particles with LATCH
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• Review of MC codes in radiotherapy

• History of MC method in radiotherapy planning
• Use of MC in treatment planning

– Benchmarking TPS
– Clinical dose calculation

• Different approaches in MCTP
• Phsp files
• Source models
• CT numbers

• Current status



Use of MC in treatment planning

• Benchmarking TPS
– Technique development
– Dose verification
– Cluster based calculation
– Provide GUI and/or direct 

interface to TPS
– Non commercial systems 

(research)

• MCDE 
– (Reynaert at al)

• BEAM/DOSXYZ
– (Leal et al)

• MCV
– (Siebers et al)

• RT_MCNP
– (DeMarco et al)

• MMCTP
– (Seuntjen et al)

• SMCP
– (Fix et al)

• MCRTV
– (Yamamoto et al)

• RTGrid
– (Spezi et al)



Example: Swiss Monte Carlo Plan

Courtesy of M. Fix



Example: Swiss Monte Carlo Plan

Courtesy of M. Fix



Example: RTGrid project



Example: RTGrid project
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Example: RTGrid project



Use of MC in treatment planning

• Clinical dose calculation
– New codes

• New language

• New compiler
• New hardware

• New routines

– Optimized for speed
– Commercial systems

• PEREGRINE
– (Hartman-Siantar et al) 

• DPM/PENFAST 
– (Sempau et al, Salvat et al)

• MCDOSE/MCSIM
– (Ma et al)

• VMC, XVMC, VMC++
– (Kawrakow and Fippel)

• MMC
– Neuenschwander et al)



Use of MC in treatment planning

• Clinical dose calculation
– New codes
– Optimized for speed

• e= 1/s2T
– < s2, T const (VRT)

» Brem split + RR

» Photon forcing
» Track repeating

– < T , s2 const

» Range rejection

» ECUT/PCUT

– Commercial systems

• PEREGRINE
– (Hartman-Siantar et al) 

• DPM 
– (Sempau et al)

• MCDOSE/MCSIM
– (Ma et al)

• VMC, XVMC, VMC++
– (Kawrakow and Fippel)

• MMC
– Neuenschwander et al)



Use of MC in treatment planning
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Use of MC in treatment planning
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Use of MC in treatment planning

• Timing results can 
vary up to 20% 
depending on:
– Compilers
– Memory
– Cache
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• Review of MC codes in radiotherapy

• History of MC method in radiotherapy planning
• Use of MC in treatment planning

– Benchmarking TPS
– Clinical dose calculation

• Different approaches in MCTP
• Phsp files
• Source models
• CT numbers

• Current status



Different approaches in MCTP

• Radiation beam
– Phase space files 

stored above beam 
modifiers

– Virtual source models
– Full simulation of 

treatment head

• PEREGRINE

• VMC++



Different approaches in MCTP

• Radiation beam
– Phase space files 

stored above beam 
modifiers

– Virtual source models
– Full simulation of 

treatment head

• VMC++, XVMC
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Different approaches in MCTP

• Radiation beam
– Phase space files 

stored above beam 
modifiers

– Virtual source models
– Concurrent simulation 

of treatment head and 
patient

• VMC++



Different approaches in MCTP

• Patient
– Conversion of CT 

numbers in tissue 
materials and density

– Conversion of CT 
numbers in interaction 
probabilities

– Dm and Dw
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Different approaches in MCTP

• Patient
– Conversion of CT 

numbers in tissue 
materials and density

– Conversion of CT 
numbers in interaction 
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Different approaches in MCTP

• Patient
– Conversion of CT 

numbers in tissue 
materials and density

– Conversion of CT 
numbers in interaction 
probabilities

– Dm and Dw

Dm Dw

Siebers et al 2000

Spezi 2003



• Review of MC codes in radiotherapy

• History of MC method in radiotherapy planning
• Use of MC in treatment planning

– Benchmarking TPS
– Clinical dose calculation

• Different approaches in MCTP
• Phsp files
• Source models
• CT numbers

• Current status



Status of MCTP in Europe: a survey

• EWG-MCTP

• Website live:
– 12-JUL-2007

• Advertisement
– EFOMP
– distribution lists NMO 

of medical physics
– MC distribution lists
– Medical Physics 

discussion groups

ESTRO 2007 Pre-Meeting Workshop



Description of the Survey

• Section 1 : Your Institution
• Section 2 : Commercial Monte 

Carlo system
• Section 3 : Non-commercial 

Monte Carlo systems
• Section 4-10

– Application
• Brachytherapy
• External beam radiotherapy 

and radiosurgery
• Equipment modelling
• Exit dosimetry
• Ion chamber dosimetry
• Nuclear medicine and MTR
• Radiation protection

• Section 11: Clinical 
environment

• Section 12: Address

• Country
• Primary mission

ESTRO 2007 Pre-Meeting Workshop



A survey for manufacturers

• Aims:
– MCTP solution
– Treatment modality
– No. of systems in the EU
– Future

• SIEMENS �
• PHILIPS �
• CMS �
• BRAINLAB �
• DOSISOFT �
• VARIAN �
• ELEKTA �
• NUCLETRON �
• TECNICAS RAD. �
• NAS � �

ESTRO 2007 Pre-Meeting Workshop



MCTP ready vs. TBR (2008)
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Strategic advantage of MC

Courtesy of F. Verhaegen

“Finally, this may well be the last new dose calculation 
algorithm that medical physicists will need to learn since MC 
techniques provide the highest level of accuracy for dose 
calculation in radiotherapy treatment planning”
Chetty et al (2007) AAPM TG No 105


