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What iIsMonte Carlo?

A mathematical method using random sampling




What is Monte Carlo ?

The originators : Neumann and Ulam 1949

The method : Random sampling from pdf's to
construct solutions to problems.
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Why call it Monte Carlo?
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After the city in the Monaco principality ...




‘\ What iIsMonte Carlo
/Q  Radiation Transport?

Random sampling of particle interactions

a good supply of random numbers
probability distributions governing the physics processes

Information obtained by simulating large
number of histories




Why Use Monte Carlo for
Radiotherapy Treatment Planning

An accuracy of about 5% In dose
delivery isrequired to effectively treat
certain types of cancers and to reduce
complications.




The Accuracy Reguirement for
Treatment Planning Dose Calculation
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CPU timerequired

(1cmxlcm field)

1% uncertainty for 0.3 cm cubes reguires afew
million e ectrons (hours on a PC)

(1cmxl1cm field)

1% uncertainty for 0.3 cm cubes requires up to
afew billion photons (days on a PC)




Applications of M-C in radiotherapy

Fluence and spectrum calculations
Dosimetric parameters (stopping powers, etc.)
Correction factors (BSF, HS, PS, P/Sratio...)
Dosimeter response simulations

Treatment head ssmulations

Treatment planning dose calculations




Radiotherapy treatment planning

Beam data Prescription Patient CT scan
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Plan description

Dose calculation
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Plan evaluation




Dose algorithmsfor RTP

Photon beams

Clarkson

FFT, FSPB, superposition convolution
super MC, XVMC

Monte Carlo

Electron beams

3D pencil beam
MMC, super MC, VMC
Monte Carlo




Equivalent Pathlength Correction
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Variation of Dose Kernelswith Density

i

0




Variation of Dose Kernelswith Density
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The accuracy depends on how It iIsimplemented.




Correction factor for bone for 6 MV photons
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Correction factor for lung for 6 MV photons
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Layered Lung Phantom

Measured 6MV,
10cmx10cm

Measuredl15MV,
5cmx5cm

Monte Carlo 6MV,
10cmx10cm
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el Monte Carlo 15MV,
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Comparisons of Pencil Beam and Monte Carlo

Mohan et a (1997)

Conventional Method (Pencil Beam) PEREGRINE




Dose Verification for IMRT

(Pawlicki et al 2000)

Monte Carlo




DVH Comparison
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Monte Carlo Algorithms

Electron beams reported

VMC

DOSXYZ
MCDOSE/MCSIM
PENELOPE
MCRTP

DPM

Photon beams reported

XVMC

PEREGRINE

MCNP

DOSXYZ
MCDOSE/MCSIM/MCRS




Current Statusof MCTP

ACCuray NumeriX?

Nucletron

DOSIGRAY

Varian/BrainL ab

FCCC..




| mplementation of MCTP

Accelerator simulation

Source modeling

Beam commissioning

CT data conversion and phantom setup
Dose calculation algorithms

Data processing and plan evaluation
Plan optimization




Measured vs MC Reconstructed Dose Distributions
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Combined Dose Distribution: Film vs Monte Carlo

Patient plan (Corvus)

superior

inferior

Leeet d (2001)




Calculations vs. Measurements
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Energy M-C Meas  CORVUS
4MV 2177 Gy 2.177 Gy 2.201 Gy

15MV  2.146 Gy 2.161 Gy 2.276 Gy




M-C Simulation Geometry

Source plane —\

contours

T

: CT phantom
Beam modifier




CT Number to Medium Conversion

2000~2.088g/cm3
125~1.101g/cm3
-700~0.302g/cm3
-950~0.044g/cm3

-1000~0.001g/cm3
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Treatment Plan Comparison

Prostate

Monte Carlo Corvus




Prostate

MC

ClrE Prostate
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Dose Verification for Non-coplanar Prostate IMRT

—— Corvus without correction
e—— Corvus(CTV) with correction H
---- Monte Carlo

Non-coplanar plan comparison
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T11-L1 Vertebra
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T11-L1 Vertebra
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Effect of Couch Bar on IMRT Dose Distribution
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Volume (%)

Yang et al 2005
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Effect of Couch Bar on IMRT Dose Distribution
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Mean Target Dose (BP vs MC)

Mean target dose: Pencil beam vs Monte Carlo
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Minimum Target Dose (BP vs MC)

Minimum target dose: Pencil beam vs Monte Carlo
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Patient cases




Max. Critical Structure Dose (BP vs

Maximum critical structure dose: Pencil beam vs Monte Carlo
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Beamlet Dose Distributions

FSPB Monte Carlo
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Pawlicki and Ma (2001)




CyberKnife Monte Carlo
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CyberKnife Monte Carlo
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Summary

MC dose calculation is becoming a practical
tool for advanced radiotherapy treatments

The accuracy of MC dose calculation
depends on the iImplementation

The potential of MC dose calculation
remains to be explored
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