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Outline

• Currentstatusof electron MonteCarlo

• Implementation of MonteCarlofor electron
beamtreatment planningdosecalculations

• Applicationof MonteCarlo in conventional and
modulatedelectronbeamtherapy

• MonteCarlofor otherbeam modalities

Why Use Monte Carlo for
Radiotherapy Treatment Planning

An accuracyof about5% in dose
delivery is requiredto effectivelytreat
certain typesof cancersandto reduce
complications.

ICRU Reports24 (1976)and42 (1988)

The Accuracy Requirement for
Treatment Planning DoseCalculation

σ2=σ2
calib+σ2

dose+σ2
setup+σ2

motion+…
and

σ ≥ 2σdose=5%
then

σσσσdose=2.5%



Uncertainties in Electron BeamDosimetry

Limitationsof dosecalculation algorithms

� sourcemodels

� Beammodifier effect

� heterogeneouspatient anatomy

Limitationsof dose measurementsystems

� non-calibration conditions

� complexbeammodifier geometry

Fluence Profil es from an eMLC
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Jin et al (AAPM 2007)

Pencil BeamPinnacle3

Achterberget al (ESTRO 1999)

MonteCarlo(BEAM) Pencil Beam Pinnacle3

Achterberget al (ESTRO1999)

MonteCarlo(BEAM)



20 MeV Beamlet Distributions

Monte Carlo (MCDOSE) Pencil Beam (FOCUS)

Ma et al (PMB 2000)

Monte Carlo Codes
for Electron BeamDoseCalculations

• TheBEAMnrc/DOSXYZnrc system

• Voxel Monte Carlo (VMC)

• MacroMonteCarlo (MMC)

• Superposition Monte Carlo

• Other programs(ITS, MCNP,PENELOPE)

• EGS4/MCRTP/MCDOSE/MCSIM

Commercial Implementation

• NucletronOncentra MasterPlan(2001)

– Implementation of Kawrakow’s VMC++ Monte
Carlo dosecalculation algorithm (2000)

• VarianEclipseeMC (2004)

– Basedon Neuenschwander’s MMC dose

calculationalgorithm(1992)

Timing – NucletronOncentraMasterPlan

• 10x10cm2 applicator
• 50k histories/cm2

• Anatomy- 41 CT slices
• Pentium4 Xenon2.2GHz
• Calculationtime

– 1.5minutesfor 6 MeV beam
– 8.5minutesfor 20 MeV beam

Fasterthanpencil beam!

Courtesy of Joanna Cygler



Implementation procedures

• Modelingof clinical electron beams

• Commissioning of clinical electron beams

• CT dataandbeamsetup conversion

• Dosecalculation, data processing anddisplay
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Effect of voxel sizeandsmoothing
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MU realpatient vs.watertank

Courtesy of Joanna Cygler

(MC / Water tank= 292 / 256=1.14)



Target1,2 watertank
basedMU

Target1,2MC
basedMU

Lt eyeMC
basedMU

Lt eyewater
tankbased
MU

Rt eyewater
tankbased
MU

Rt eyeMC
basedMU

MU real patient vs.water tank Internal mammary nodes
(MC / Water tank= 210 / 206=1.019)

Courtesy of Joanna Cygler

Monte Carlo for
Mixed BeamTreatment for Breast

• Conventional (46 Gy, 14 Gy boost)
Photonbeamsto wholebreast:23 fractions, 2
Gy/fraction

Electronboostto tumorbed:7 fractions,2 Gy/fraction

• Hypofractionated(45 Gy, 56 Gy)
IMRT to wholebreast:2.25Gy x 20 fractions

IMRT/MERT to tumor bed:2.8Gy x 20 fractions

Courtesy of Jinsheng Li

Combined Photon/Electron Plan Basedon MC

58.0Gy
56.0Gy
47.3Gy
45.0Gy
42.8Gy
40.5Gy
36.0Gy
31.5Gy
22.5Gy
13.5Gy
4.5Gy

Courtesy of Jinsheng Li



Conclusions

• MonteCarlois a usefultool for radiotherapy
treatmentplanning& doseverification

• MonteCarlohasa moreimportant role in
electron dosecalculation

• High accuracy,high effic iency, low cost

• Morework is needed to makeit clinically
available


