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Photon mode Electron mode

Varian

Elekta

Description of a simulated linac
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Test: simulation setup

• The radial dose distribution in water is studied as a function of  
the C   parameter in tungsten.

• Standard parameter values are used for the othermaterials.

Target simulation
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Target simulation

M Rodríguez et al., Med Phys 42(2015)

1.5 cmdepth

Test:results

17%
(with InteractionForcing)
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Why does interaction forcing (IF) partially correct for too long steps?

• IF is applied in the target to increase bremsstrahlungproduction.
• This increases the efficiency, reducing the CPU time for a given uncert.

IF masks  the effect of inappropriate transportparameters.

Target simulation
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Varian Clinac 2100, 6 MV
M Rodríguez et al., Med Phys 42(2015)

spot FWHM = 0.8 mm

Tuning of initial beam parameters may mask the artifact too.

Target simulation
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Are other MC codes affected too?

• All general-purpose MC codes rely on the condensed history technique  
to transport high energyelectrons.

• Different codes use different multiple scattering theories andtransport  
mechanics.

• All the approaches involve approximations of variable accuracy.In  
general, longer steps reduce the accuracy.

• Therefore, all codes may also exhibit similar artifacts. Long steps should  
not be used without a previous thorough investigation.

Target simulation
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Phase-space file (PSF)
PSF 1

PSF 2
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How does a PSF look like?
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Key concepts: history versus particle
h=1,p=1 h=2,p=1 h=3,p=4
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Incremental shower number
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Key concepts: statistical uncertainty

Simulation unc.
coverage factor
k=1

if k=1 then ~68.3%
if k=2 then ~95.4%
if k=3 then ~99.7%
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Key concepts: statistical uncertainty

Monte Carlo results mean NOTHING without the 
associated statistical uncertainty 
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Variance-reduction techniques are aimed at 
improving the simulation efficiency 

Key concepts: variance-reduction techniques

with      the simulation time and      the relative 
standard deviation of the mean, while keeping the 
simulation unbiased.
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• Movable skins1

• Standard splitting
• Rotational splitting2,3

• Fan splitting2

• Splitting roulette4

• Russian roulette
• Interaction forcing

Key concepts: variance-reduction techniques

1

2 3 4
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Statistical weight
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Available geometries of Varian linacs

2100 C/D TrueBeam
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FakeBeam (ungenuine geometry) vs. TrueBeam (PSF 
distributed by Varian)
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FakeBeam (ungenuine geometry) vs. TrueBeam (PSF 
distributed by Varian)
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Ultra-accurate Monte Carlo based dose calculation algorithm.
(Webpage of the product)

[It] calculates a fraction of the total stopping power stochastically using 
a specially constructed energy straggling cross section.

(Algorithm’s technical manual)

Similar accuracy to and faster calculation times than Monte Carlo.
(Brochure of the product)
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Types of MC codes for radiation transport

Fast
• Only energies with clinical interest (~MeV)
• Only low Z materials. Only binned geometries
• Examples: DPM, XVMC, VMC, PENFAST

General-purpose
• Wide range of energy (~1 keV up to ~1 GeV)
• Any material. Any geometry
• Examples: PENELOPE, EGSnrc, Geant, MCNP

Pre-computed
• Use pre-calculated data 
• Only energies with clinical interest (~MeV)
• Only low Z materials 
• Examples: MMC, eMC, SMC

Ac
cu

ra
cy Speed
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Classification criteria
Purpose Reach Algorithm Self-contained

Dose 
verification

Treatment 
planning

Full

Virtual source

General 
purpose

Fast

Pre-
computed

Yes

No
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MC systems according criteria
System Purpose Reach Algorithm linac Algorithm patient Self-contained Distributed

CARMEN tp full gp (EGSnrc) gp (EGSnrc) no no

CERR dv - - fast (VMC++) no free

Corvus tp vsm - fast (PEREGRINE) yes no

Eclipse tp vsm - pc (MMC) yes pay

eIMRT dv full gp (EGSnrc) gp (EGSnrc) yes free

iPlan tp vsm - fast (XVMC) yes pay

ISOgray tp full gp (PENELOPE) fast (PENFAST) yes no

MCDE tp full gp (EGSnrc) gp (EGSnrc) no no

MCDOSE tp vsm - gp (EGS4) no no

MCV dv full gp (EGS4) gp (EGS4) no no

MCVS dv full gp (EGSnrc) gp (EGSnrc) no no

MMCTP dv full gp (EGSnrc) gp (EGSnrc) no free

Monaco tp vsm - fast (XVMC) yes pay

MSKCC dv vsm - gp (EGS4) yes no

Oncentra tp vsm - fast (VMC++) yes pay

Pinnacle tp - - fast (DPM) yes no

PLanUNC dv full gp (EGSnrc) gp (EGSnrc) no free

PRIMO dv full gp (PENELOPE) gp (PENELOPE)/fast (DPM) yes free

RTGrid tp full gp (EGSnrc) gp (EGSnrc) no no

SMCP tp vsm - gp (EGSnrc)/fast (VMC++) no no

VIMC dv full gp (EGSnrc) gp (EGSnrc)/fast (VMC++) no no

XiO tp vsm - fast (XVMC) yes pay
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MC systems according criteria
System Purpose Reach Algorithm linac Algorithm patient Self-contained Distributed

CERR dv - - fast (VMC++) no free

Eclipse tp vsm - pc (MMC) yes pay

eIMRT dv full gp (EGSnrc) gp (EGSnrc) yes free

iPlan tp vsm - fast (XVMC) yes pay

MMCTP dv full gp (EGSnrc) gp (EGSnrc) no free

Monaco tp vsm - fast (XVMC) yes pay

Oncentra tp vsm - fast (VMC++) yes pay

PLanUNC dv full gp (EGSnrc) gp (EGSnrc) no free

PRIMO dv full gp (PENELOPE) gp (PENELOPE)/fast (DPM) yes free

XiO tp vsm - fast (XVMC) yes pay
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MC systems according criteria
System Purpose Reach Algorithm linac Algorithm patient Self-contained Distributed

Eclipse tp vsm - pc (MMC) yes pay

eIMRT dv full gp (EGSnrc) gp (EGSnrc) yes free

iPlan tp vsm - fast (XVMC) yes pay

Monaco tp vsm - fast (XVMC) yes pay

Oncentra tp vsm - fast (VMC++) yes pay

PRIMO dv full gp (PENELOPE) gp (PENELOPE)/fast (DPM) yes free

XiO tp vsm - fast (XVMC) yes pay
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Features of distributed MC systems
Eclipse eIMRT iPlan Monaco Oncentra PRIMO XiO

Algorithm Linac upper vsm gp (BEAMnrc) vsm vsm vsm gp (PENELOPE) vsm

Linac lower vsm gp (BEAMnrc) fast transmission filter vsm gp (PENELOPE)
fast (DPM)

pc

Dose pc (MMC) gp (DOSXYZnrc) fast (XVMC) fast (XVMC) fast (VMC++) gp (PENELOPE)
fast (DPM)

fast (XVMC)

Beams Electrons yes no no no yes yes yes

Photons no yes yes yes no yes no

Beam QA tools in water yes no no yes (optional) yes yes yes

Modalities 3D-CRT n/a yes yes yes n/a yes n/a

IMRT n/a yes yes yes n/a yes n/a

VMAT n/a no no yes n/a yes n/a

Linacs Varian C-Series C-Series 600, C-Series, Novalis 600, C-Series C-Series 600, Unique,
C,TrueBeam

C-Series

Elekta - - MLCi, MLCi2 MLCi, MLCi2 SLi, MLCi, MLCi2 SLi, MLCi SLi, MLCi, MLCi2

Siemens - Primus, Oncor Meva, Primus,
Oncor, Artiste

- Mevatron,
Primus, Oncor

- Mevatron,
Primus, Oncor

Inverse TP optimization n/a no pbc pbc n/a no n/a

Dose referred to water water medium/water medium/water water medium medium/water

Beam configuration auto auto manufacturer manufacturer manufacturer manual manufacturer

Operating system Windows Linux Windows Windows Windows Windows Linux

FDA approval yes no yes yes yes no yes
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Benchmarks
Field 1 (photons)
• 6 MV
• water phantom
• voxel 3x3x3 mm3

• uncertainty 2% (k=1)
• field 10x10 cm2

Field 2 (photons)
• field 5x5 cm2

Field 3 (electrons)
• 6 MeV
• water phantom
• voxel 3x3x3 mm3

• uncert 2% (k=1)
• field 10x10 cm2

Field 4 (electrons)
• 16 MeV
• water phantom
• voxel 3x3x3 mm3

• uncert 2% (k=1)
• field 10x10 cm2
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Benchmarks

Eclipse eIMRT iPlan Monaco Oncentra PRIMO
(DPM)

PRIMO
(PENELOPE)

XiO

Field 1 (10x10) - 372 (57) 0.5 0.4 - 5 30 -
Field 2 (MLC) - 361 (17) 0.2 0.5 - 3 24 -
Field 3 (6 MeV e-) 0.1 - - - 0.5 - 21 0.1
Field 4 (16 MeV e-) 0.2 - - - 0.9 - 31 0.2

Simulation time in minutes
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PRIMO is a computer software that simulates 
linacs and dose distributions in water 
phantoms and computerized tomographies. 
It combines a graphical user interface and a 
computation engine based on the Monte 
Carlo code PENELOPE.

PRIMO

www.primoproject.net
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New	project	
linac	and	

mode

Segment	3
(Patient	model

Phantom	or
CT	volume)

Phase	space
(above		the	

jaws)

Phase	space
(above	the	
patient)

Phantom

Dose	
distribution
in	phantom

Segment	1
(initial	beam)

Segment	2
(Field	shape)

CT	volume

DICOM
Import

CT->Tissue

Delineate
Structures

Dose	
distribution

in	CT

Used	as	a	source	
of	particles		for		
simulation	of	

segment	2	and	3

Used	as	a	source	
of	particles		for		
simulation	of	
segment	3

Setup Simulation Analysis

Workflow of PRIMO
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Structure tree
structure selection

Main tool bar

Plan and dose
Import & review

Dose evaluation
(dose comparison)
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It is not editable
• An homogeneous (water) CT volume is created by default for the project
• A slab phantom can be created or a CT can be imported in DICOM format
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New 
project

Open 
project

Save 
project

Import a 
phase-
space 
file 

(copy)

Link a 
phase-
space 
file (no 
copy)

Import a 
CT

(DICOM)

Import 
contours
(DICOM)

Create a 
slab 

phantom

Create 
simulation 
geometry 
(segmenta

tion)
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Analyze the source phase-space
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• Toggle among electrons, 
photons or positrons.

• View maps in as a 3D 
graph

• Zoom curves in/out
• Explore the contextual 

menus 

Analyze the source phase-space
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Simulation setup

• Activate segments S2 and 
S3

• On the simulation config 
dialog chose:
• DPM as simulation 

engine
• Press the dice to 

change the RNG seeds 
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Variance-reduction technique setup

• Select
• On the variance reduction 

configuration window set:

• Save the project
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Import a CT

Patient orientation (not 
editable)

+

A default segmentation is 
created on import

• Materials:
Air, lung ICRP, adipose 
tissue, muscle skeletal, 
cartilage ICRP, compact 
bone

• Range of HU for a 
material taken from the 
CT calibration curve.

HU

density

HUi+HUi+1
2

HUi+1

HUi
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Import contours

All the voxels outside a 
selected contour can be set to 
air. To avoid accessories used in 
simulation that interfere with 
dose calculation
Support structures can be 
imported and its HU “written” 
on the CT
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Plans are 
imported from this 
window

Dynamic plans 
cannot be edited 
(only the isocenter 
can be 
repositioned)

Default field:
10 ´10 cm2

isocenter at 
(0,0,0), the 
center of the CT 
surface
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Simulati
on 

config

Variance 
reduction

Transport 
parameters Dose calibration

+

DPM uses all the 
cores available
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Play simulation
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Dose evaluation
(dose comparison)

• Dose profiles w/ 
difference profile

• DVHs

• Blending
• Difference
• Gamma
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Dose evaluation
(dose comparison)

• Dose profiles w/ 
difference profile

• DVHs

• Blending
• Difference
• Gamma
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Dose evaluation
(dose comparison)

• Dose profiles w/ 
difference profile

• DVHs

• Blending
• Difference
• Gamma

T~30 s
18.2 ´106 voxels
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Dose evaluation
(dose comparison)

• Dose profiles w/ 
difference profile

• DVHs

• Blending
• Difference
• Gamma

T~20 s
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Dose evaluation
(dose comparison)

• Dose profiles w/ 
difference profile

• DVHs

• Blending
• Difference
• Gamma

T~3 s
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Dose evaluation
(dose comparison)

• Dose profiles w/ 
difference profile

• DVHs

• Blending
• Difference
• Gamma



Folie 52

Acknowledgement




