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. Description of a simulated linac

Varian

Elekta

Photon mode

Primary collimator
Flattening filter

Secondary collimator
Y jaws

Targ

Beryllium

window

lonisation chamber

X jaws &

Multileaf collimator
Accessory tray holder

Primary collimator

Flattening filter

//Ionisa ion chamber

Irror

Copper block
Multileaf collimato

Electron mode

Beryllium window

Scattering foils
Secondary collimator
Y jaws

lonisation

chamber

Electron applicator

Primary collimator

lonisation chamber _
Multileaf collimator

Field plate

Centre plate Top plate

s



. Target simulation

Test: simulation setup

air (e-absorbent)
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* Theradial dose distribution in water is studied as a function of
the Cparameter intungsten.

« Standard parameter values are used for the other materials.



. Target simulation

Test: results
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. Target simulation

Why does interaction forcing (IF) partially correct for too long steps?

« |Fis applied in the target to increase bremsstrahlungproduction.
» This increases the efficiency, reducing the CPUtime for a given uncert.

IF masks the effect of inappropriate transport parameters.



Target simulation

Varian Clinac 2100, 6 MV

M Rodriguez et al., Med Phys 42 (2015)
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Tuning of initial beam parameters may mask the artifact too.



. Target simulation

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.



. Phase-space file (PSF)
PSF 1
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How does a PSF look like?

# [PHASE SPACE FILE FORMAT penEasy v.2008-05-15] @

# [PHASE SPACE FILE FORMAT p

#KPAR: E

NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN

5.53157E+06

1.00973E+05
1.00973E+05
1.00973E+05
1.00973E+05
1.00973E+05
1.00973E+05
1.00973E+05
1.00973E+05
1.00973E+05
2.06650E+05
2.06650E+05
2.06650E+05
2.06650E+05
5.86523E+05
5.86523E+05
5.86523E+05
5.86523E+05
5.86523E+05
5.86523E+05
5.86523E+05
5.86523E+05
5.86523E+05
5.86523E+05
5.86523E+05
8.44930E+05
8.44930E+05
8.44930E+05
8.44930E+05
8.44930E+05
8.44930E+05
8.44930E+05
8.44930E+05
8.44930E+05

X
4.54723E+00
4.65926E+00
4.42096E+00
4.17654E+00
3.92636E+00
3.67075E+00
3.41007E+00
3.14467E+00
2.87493E+00
2.60121E+00
4.51939E+00
4.21471E+00
3.90420E+00
3.58830E+00
4.49902E+00
4.22411E+00
3.94337E+00
3.65717E+00
3.36592E+00
3.07001E+00
2.76987E+00
2.46589E+00
2.15851E+00
1.84815E+00
1.53523E+00
4.05506E+00
3.43546E+00
3.18001E+00
2.92016E+00
2.65629E+00
2.38873E+00
2.11788E+00
1.84410E+00
1.56778E+00

enEasy v.2008-05-15]
Y ]
-8.53211E+00

—-6.32448E+00
—-6.49329E+00
—-6.65313E+00
-6.80378E+00
-6.94502E+00
-7.07666E+00
-7.19853E+00
—-7.31044E+00
-7.41225E+00
-8.11293E+00
-8.27531E+00
-8.42625E+00
-8.56555E+00
-7.31232E+00
—-7.47449E+00
-7.62634E+00
-7.76764E+00
—-7.89821E+00
-8.01787E+00
-8.12644E+00
-8.22378E+00
-8.30975E+00
—-8.38424E+00
-8.44714E+00
-8.52581E+00
-6.80856E+00
-6.93155E+00
—7.04496E+00
-7.14864E+00
-7.24243E+00
—-7.32622E+00
-7.39987E+00
—-7.46331E+00

Z

6.68000E+01

6.68000E+01
6.68000E+01
6.68000E+01
6.68000E+01
6.68000E+01
6.68000E+01
6.68000E+01
6.68000E+01
6.68000E+01
6.68000E+01
6.68000E+01
6.68000E+01
6.68000E+01
6.68000E+01
6.68000E+01
6.68000E+01
6.68000E+01
6.68000E+01
6.68000E+01
6.68000E+01
6.68000E+01
6.68000E+01
6.68000E+01
6.68000E+01
6.68000E+01
6.68000E+01
6.68000E+01
6.68000E+01
6.68000E+01
6.68000E+01
6.68000E+01
6.68000E+01
6.68000E+01

u

6.73731E-02

7.44427E-02
7.13488E-02
6.81564E-02
6.48698E-02
6.14935E-02
5.80323E-02
5.44908E-02
5.08740E-02
4.71869E-02
6.62699E-02
6.17737E-02
5.71921E-02
5.25314E-02
6.68626E-02
6.27785E-02
5.86077E-02
5.43558E-02
5.00288E-02
4.56327E-02
4.11735E-02
3.66574E-02
3.20906E-02
2.74795E-02
2.28304E-02
6.12662E-02
5.10947E-02
4.72946E-02
4.34291E-02
3.95035E-02
3.55234E-02
3.14942E-02
2.74214E-02
2.33108E-02

v

-1.26413E-O1.

-8.18501E-02
-8.45605E-02
-8.71541E-02
-8.96273E-02
-9.19766E-02
-9.41987E-02
-9.62907E-02
-9.82496E-02
-1.00073E-01
-1.19732E-01
-1.22112E-01
-1.24324E-01
-1.26364E-01
-1.08633E-01
-1.11043E-01
-1.13300E-01
-1.15400E-01
-1.17341E-01
-1.19119E-01
-1.20733E-01
-1.22180E-01
-1.23458E-01
-1.24566E-01
-1.25501E-01
-1.47708E-01
-1.01287E-01
-1.03116E-01
-1.04803E-01
-1.06345E-01
-1.07739E-01
-1.08985E-01
-1.10081E-01
-1.11024E-01

W

9.89687E-01

9.93861E-01
9.93861E-01
9.93861E-01
9.93861E-01
9.93861E-01
9.93861E-01
9.93861E-01
9.93861E-01
9.93861E-01
9.90592E-01
9.90592E-01
9.90592E-01
9.90592E-01
9.91831E-01
9.91831E-01
9.91831E-01
9.91831E-01
9.91831E-01
9.91831E-01
9.91831E-01
9.91831E-01
9.91831E-01
9.91831E-01
9.91831E-01
9.87132E-01
9.93544E-01
9.93544E-01
9.93544E-01
9.93544E-01
9.93544E-01
9.93544E-01
9.93544E-01
9,93544E-01

WGHT
5.91716E-05
5.91716E-05
5.91716E-05
5.91716E-05
5.91716E-05
5.91716E-05
5.91716E-05
5.91716E-05
5.91716E-05
5.91716E-05
5.91716E-07
5.91716E-07
5.91716E-07
5.91716E-07
5.91716E-05
5.91716E-05
5.91716E-05
5.91716E-05
5.91716E-05
5.91716E-05
5.91716E-05
5.91716E-05
5.91716E-05
5.91716E-05
5.91716E-05
5.91716E-05
5.91716E-05
5.91716E-05
5.91716E-05
5.91716E-05
5.91716E-05
5.91716E-05
5.91716E-05
5.91716E-05

D
2
2
0
0
0
0
0
0
0
0
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
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. Key concepts: history versus particle

h=1,p=1 h=2,p=1 h=3,p=4
9




Incremental shower number

# [PHASE SPACE FILE FORMAT penEasy v.2008-05-15] @

# [PHASE SPACE FILE FORMAT p

#KPAR: E

NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN

5.53157E+06

1.00973E+05
1.00973E+05
1.00973E+05
1.00973E+05
1.00973E+05
1.00973E+05
1.00973E+05
1.00973E+05
1.00973E+05
2.06650E+05
2.06650E+05
2.06650E+05
2.06650E+05
5.86523E+05
5.86523E+05
5.86523E+05
5.86523E+05
5.86523E+05
5.86523E+05
5.86523E+05
5.86523E+05
5.86523E+05
5.86523E+05
5.86523E+05
8.44930E+05
8.44930E+05
8.44930E+05
8.44930E+05
8.44930E+05
8.44930E+05
8.44930E+05
8.44930E+05
8.44930E+05

X
4.54723E+00
4.65926E+00
4.42096E+00
4.17654E+00
3.92636E+00
3.67075E+00
3.41007E+00
3.14467E+00
2.87493E+00
2.60121E+00
4.51939E+00
4.21471E+00
3.90420E+00
3.58830E+00
4.49902E+00
4.22411E+00
3.94337E+00
3.65717E+00
3.36592E+00
3.07001E+00
2.76987E+00
2.46589E+00
2.15851E+00
1.84815E+00
1.53523E+00
4.05506E+00
3.43546E+00
3.18001E+00
2.92016E+00
2.65629E+00
2.38873E+00
2.11788E+00
1.84410E+00
1.56778E+00

enEasy v.2008-05-15]
Y ]
-8.53211E+00

—-6.32448E+00
—-6.49329E+00
—-6.65313E+00
-6.80378E+00
-6.94502E+00
-7.07666E+00
-7.19853E+00
—-7.31044E+00
-7.41225E+00
-8.11293E+00
-8.27531E+00
-8.42625E+00
-8.56555E+00
-7.31232E+00
—-7.47449E+00
-7.62634E+00
-7.76764E+00
—-7.89821E+00
-8.01787E+00
-8.12644E+00
-8.22378E+00
-8.30975E+00
—-8.38424E+00
-8.44714E+00
-8.52581E+00
-6.80856E+00
-6.93155E+00
—7.04496E+00
-7.14864E+00
-7.24243E+00
—-7.32622E+00
-7.39987E+00
—-7.46331E+00

Z

6.68000E+01

6.68000E+01
6.68000E+01
6.68000E+01
6.68000E+01
6.68000E+01
6.68000E+01
6.68000E+01
6.68000E+01
6.68000E+01
6.68000E+01
6.68000E+01
6.68000E+01
6.68000E+01
6.68000E+01
6.68000E+01
6.68000E+01
6.68000E+01
6.68000E+01
6.68000E+01
6.68000E+01
6.68000E+01
6.68000E+01
6.68000E+01
6.68000E+01
6.68000E+01
6.68000E+01
6.68000E+01
6.68000E+01
6.68000E+01
6.68000E+01
6.68000E+01
6.68000E+01
6.68000E+01

u

6.73731E-02

7.44427E-02
7.13488E-02
6.81564E-02
6.48698E-02
6.14935E-02
5.80323E-02
5.44908E-02
5.08740E-02
4.71869E-02
6.62699E-02
6.17737E-02
5.71921E-02
5.25314E-02
6.68626E-02
6.27785E-02
5.86077E-02
5.43558E-02
5.00288E-02
4.56327E-02
4.11735E-02
3.66574E-02
3.20906E-02
2.74795E-02
2.28304E-02
6.12662E-02
5.10947E-02
4.72946E-02
4.34291E-02
3.95035E-02
3.55234E-02
3.14942E-02
2.74214E-02
2.33108E-02

v

-1.26413E-O1.

-8.18501E-02
-8.45605E-02
-8.71541E-02
-8.96273E-02
-9.19766E-02
-9.41987E-02
-9.62907E-02
-9.82496E-02
-1.00073E-01
-1.19732E-01
-1.22112E-01
-1.24324E-01
-1.26364E-01
-1.08633E-01
-1.11043E-01
-1.13300E-01
-1.15400E-01
-1.17341E-01
-1.19119E-01
-1.20733E-01
-1.22180E-01
-1.23458E-01
-1.24566E-01
-1.25501E-01
-1.47708E-01
-1.01287E-01
-1.03116E-01
-1.04803E-01
-1.06345E-01
-1.07739E-01
-1.08985E-01
-1.10081E-01
-1.11024E-01

W

9.89687E-01

9.93861E-01
9.93861E-01
9.93861E-01
9.93861E-01
9.93861E-01
9.93861E-01
9.93861E-01
9.93861E-01
9.93861E-01
9.90592E-01
9.90592E-01
9.90592E-01
9.90592E-01
9.91831E-01
9.91831E-01
9.91831E-01
9.91831E-01
9.91831E-01
9.91831E-01
9.91831E-01
9.91831E-01
9.91831E-01
9.91831E-01
9.91831E-01
9.87132E-01
9.93544E-01
9.93544E-01
9.93544E-01
9.93544E-01
9.93544E-01
9.93544E-01
9.93544E-01
9,93544E-01

WGHT
5.91716E-05
5.91716E-05
5.91716E-05
5.91716E-05
5.91716E-05
5.91716E-05
5.91716E-05
5.91716E-05
5.91716E-05
5.91716E-05
5.91716E-07
5.91716E-07
5.91716E-07
5.91716E-07
5.91716E-05
5.91716E-05
5.91716E-05
5.91716E-05
5.91716E-05
5.91716E-05
5.91716E-05
5.91716E-05
5.91716E-05
5.91716E-05
5.91716E-05
5.91716E-05
5.91716E-05
5.91716E-05
5.91716E-05
5.91716E-05
5.91716E-05
5.91716E-05
5.91716E-05
5.91716E-05

D
2
2
0
0
0
0
0
0
0
0
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
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. Key concepts: statistical uncertainty

0.2

0.0

Simulation

® ® OLxperiment

Simulation unc.
coverage factor
k=1

if k=1then ~68.3%
if k=2 then ~95.4%
if k=3 then ~99.7%



. Key concepts: statistical uncertainty

Monte Carlo results mean NOTHING without the
associated statistical uncertainty



. Key concepts: variance-reduction techniques

Variance-reduction techniques are aimed at
improving the simulation efficiency

with 7 the simulation time and g the relative
standard deviation of the mean, while keeping the
simulation unbiased.



* Movable skins'
« Standard splitting
* Rotational splitting?3

* Fan splitting?

« Splitting roulette4
* Russian roulette
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Key concepts: variance-re

* Interaction forcing
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Statistical weight

# [PHASE SPACE FILE FORMAT penEasy v.2008-05-15] @

# [PHASE SPACE FILE FORMAT p

#KPAR: E

NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN

5.53157E+06

1.00973E+05
1.00973E+05
1.00973E+05
1.00973E+05
1.00973E+05
1.00973E+05
1.00973E+05
1.00973E+05
1.00973E+05
2.06650E+05
2.06650E+05
2.06650E+05
2.06650E+05
5.86523E+05
5.86523E+05
5.86523E+05
5.86523E+05
5.86523E+05
5.86523E+05
5.86523E+05
5.86523E+05
5.86523E+05
5.86523E+05
5.86523E+05
8.44930E+05
8.44930E+05
8.44930E+05
8.44930E+05
8.44930E+05
8.44930E+05
8.44930E+05
8.44930E+05
8.44930E+05

X
4.54723E+00
4.65926E+00
4.42096E+00
4.17654E+00
3.92636E+00
3.67075E+00
3.41007E+00
3.14467E+00
2.87493E+00
2.60121E+00
4.51939E+00
4.21471E+00
3.90420E+00
3.58830E+00
4.49902E+00
4.22411E+00
3.94337E+00
3.65717E+00
3.36592E+00
3.07001E+00
2.76987E+00
2.46589E+00
2.15851E+00
1.84815E+00
1.53523E+00
4.05506E+00
3.43546E+00
3.18001E+00
2.92016E+00
2.65629E+00
2.38873E+00
2.11788E+00
1.84410E+00
1.56778E+00

enEasy v.2008-05-15]
Y ]
-8.53211E+00

—-6.32448E+00
—-6.49329E+00
—-6.65313E+00
-6.80378E+00
-6.94502E+00
-7.07666E+00
-7.19853E+00
—-7.31044E+00
-7.41225E+00
-8.11293E+00
-8.27531E+00
-8.42625E+00
-8.56555E+00
-7.31232E+00
—-7.47449E+00
-7.62634E+00
-7.76764E+00
—-7.89821E+00
-8.01787E+00
-8.12644E+00
-8.22378E+00
-8.30975E+00
—-8.38424E+00
-8.44714E+00
-8.52581E+00
-6.80856E+00
-6.93155E+00
—7.04496E+00
-7.14864E+00
-7.24243E+00
—-7.32622E+00
-7.39987E+00
—-7.46331E+00

Z

6.68000E+01

6.68000E+01
6.68000E+01
6.68000E+01
6.68000E+01
6.68000E+01
6.68000E+01
6.68000E+01
6.68000E+01
6.68000E+01
6.68000E+01
6.68000E+01
6.68000E+01
6.68000E+01
6.68000E+01
6.68000E+01
6.68000E+01
6.68000E+01
6.68000E+01
6.68000E+01
6.68000E+01
6.68000E+01
6.68000E+01
6.68000E+01
6.68000E+01
6.68000E+01
6.68000E+01
6.68000E+01
6.68000E+01
6.68000E+01
6.68000E+01
6.68000E+01
6.68000E+01
6.68000E+01

u

6.73731E-02

7.44427E-02
7.13488E-02
6.81564E-02
6.48698E-02
6.14935E-02
5.80323E-02
5.44908E-02
5.08740E-02
4.71869E-02
6.62699E-02
6.17737E-02
5.71921E-02
5.25314E-02
6.68626E-02
6.27785E-02
5.86077E-02
5.43558E-02
5.00288E-02
4.56327E-02
4.11735E-02
3.66574E-02
3.20906E-02
2.74795E-02
2.28304E-02
6.12662E-02
5.10947E-02
4.72946E-02
4.34291E-02
3.95035E-02
3.55234E-02
3.14942E-02
2.74214E-02
2.33108E-02

v

-1.26413E-O1.

-8.18501E-02
-8.45605E-02
-8.71541E-02
-8.96273E-02
-9.19766E-02
-9.41987E-02
-9.62907E-02
-9.82496E-02
-1.00073E-01
-1.19732E-01
-1.22112E-01
-1.24324E-01
-1.26364E-01
-1.08633E-01
-1.11043E-01
-1.13300E-01
-1.15400E-01
-1.17341E-01
-1.19119E-01
-1.20733E-01
-1.22180E-01
-1.23458E-01
-1.24566E-01
-1.25501E-01
-1.47708E-01
-1.01287E-01
-1.03116E-01
-1.04803E-01
-1.06345E-01
-1.07739E-01
-1.08985E-01
-1.10081E-01
-1.11024E-01

W

9.89687E-01

9.93861E-01
9.93861E-01
9.93861E-01
9.93861E-01
9.93861E-01
9.93861E-01
9.93861E-01
9.93861E-01
9.93861E-01
9.90592E-01
9.90592E-01
9.90592E-01
9.90592E-01
9.91831E-01
9.91831E-01
9.91831E-01
9.91831E-01
9.91831E-01
9.91831E-01
9.91831E-01
9.91831E-01
9.91831E-01
9.91831E-01
9.91831E-01
9.87132E-01
9.93544E-01
9.93544E-01
9.93544E-01
9.93544E-01
9.93544E-01
9.93544E-01
9.93544E-01
9,93544E-01

WGHT
5.91716E-05
5.91716E-05
5.91716E-05
5.91716E-05
5.91716E-05
5.91716E-05
5.91716E-05
5.91716E-05
5.91716E-05
5.91716E-05
5.91716E-07
5.91716E-07
5.91716E-07
5.91716E-07
5.91716E-05
5.91716E-05
5.91716E-05
5.91716E-05
5.91716E-05
5.91716E-05
5.91716E-05
5.91716E-05
5.91716E-05
5.91716E-05
5.91716E-05
5.91716E-05
5.91716E-05
5.91716E-05
5.91716E-05
5.91716E-05
5.91716E-05
5.91716E-05
5.91716E-05
5.91716E-05

D
2
2
0
0
0
0
0
0
0
0
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

:Delt

i
2
2
2
2
2
2
2
2
p
2
4
4
4
4
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
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. Available geometries of Varian linacs

2

2100 C/D TrueBeam




FakeBeam (ungenuine geometry) vs. IrueBeam (PSF
distributed by Varian)
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Figure 1. Cross-section of the ad hoc 6-FFF (above) and 10-FFF (below) filters. The :> ﬂ", = o,
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Note

Depth (cm)

A geometrical model for the Monte Carlo Depth dose curves for a 6MV FFF beam and fileds of 3x3 cm?, 6x6 cm?, 10x10 cm?

simulation of the TrueBeam linac and 40x40 cm2. Black lines: experimental data. Red lines: MC estimated results from
Varian’'s TrueBeam PSF. Red line: MC estimated results using FakeBeam geometry.
M Rodriguez', J Sempau', A Fogliata’, L Cozzi, Gamma analysis appears in the inset.

W Sauerwein’ and L Brualla®



Dose (eV/g per history)

distributed by Varian)

Off-axis distance (cm)

AD=1%,DTA=1mm TrueBeam

[ FakeBeam

—

2

% Agreement

%

70

3x3

6x6  10x10

Lateral crossplane profiles for a 6 MV FFF beam and fields of 3X3, 6x6 and 10x10 cm? at

5 cm depth. Black Line: experimental data; Blue line: MC estimated results from Varian’s
TrueBeam PSF; Red line: MC estimated results using FakeBeam geometry. Gamma analysis
appears in the lower panel.

FakeBeam (ungenuine geomefry) vs. lrueBeam (PSF

4

100

TrueBeam 3

80 - -2
-~ | | -1
s M LA X =]
g 60 b TR ] | - )
S L 0 @
] [ © . >
.g I FakeBeam 3
e I
- 441 &
@ 40 -

20 -
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10
Off-axis distance (cm)

15

TrueBeam (55%)
[ FakeBeam (98%)

AD=1%,DTA=1mm

% of points
[(e}

1.5 2
Gamma index

Lateral crossplane profile (left ordinate axis) from a 6 MV FFF beam of a 40X40 cm? field

at 5 cm depth. Black Line: experimental Golden Beam Data; Blue line: MC estimated results
from Varian’s TrueBeam PSF. Red line: MC estimated results using FakeBeam geometry.
Relative difference curves respect to the maximum experimental dose are plotted using the
right ordinate axis. Notice that this axis is broken. Gamma analysis appears in the lower panel.
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Ultra-accurate Monte Carlo based dose calculation algorithm.
(Webpage of the product)

Similar accuracy to and faster calculation times than Monte Carlo.
(Brochure of the product)

[It] calculates a fraction of the total stopping power stochastically using

a specially constructed enerqy straggling cross section.
(Algorithm’s technical manual)

s



. Types of MC codes for radiation transport
General-purpose
« Wide range of energy (~1 keV up to ~1 GeV)
* Any material. Any geometry

* Examples: PENELOPE, EGSnrc, Geant, MCNP
Fast

* Only energies with clinical interest (~MeV)

* Onlylow Z materials. Only binned geometries

* Examples: DPM, XVMC, VMC, PENFAST
Pre-computed

« Use pre-calculated data

* Only energies with clinical interest (~MeV)
* Onlylow Z materials

* Examples: MMC, eMC, SMC

Accuracy

paads



. Classification criteria

Reach
Full

Purpose

Treatment
planning

Dose
verification

Algorithm

General
purpose

Fast

Pre-
computed

Self-contained

Yes

No



MC systems according criteria

System
CARMEN
CERR
Corvus
Eclipse
elMRT
iPlan
ISOgray
MCDE
MCDOSE
MCV
MCVS
MMCTP
Monaco
MSKCC
Oncentra
Pinnacle
PLanUNC
PRIMO
RTGrid
SMCP
VIMC
XiO

Purpose
tp
dv
tp
tp
dv
tp
tp
tp
tp
dv
dv
dv
tp
dv
tp
tp
dv
dv
tp
tp
dv
tp

Reach
full
vsm
vsm
full
vsm
full
full
vsm
full
full
full
vsm
vsm

vsm

full
full
full
vsm
full

vsm

Algorithm linac

gp (EGSnrc)

gp (EGSnrc)

gp (PENELOPE)
gp (EGSnrc)

gp (EGS4)

gp (EGSnrc)

gp (EGSnrc)

gp (EGSnrc)
gp (PENELOPE)
gp (EGSnrc)

gp (EGSnrc)

Algorithm patient
gp (EGSnrc)

fast (VMC++)

fast (PEREGRINE)

pc (MMC)

gp (EGSnrc)

fast (XVMC)

fast (PENFAST)

gp (EGSnrc)

gp (EGS4)

gp (EGS4)

gp (EGSnrc)

gp (EGSnrc)

fast (XVMC)

gp (EGS4)

fast (VMC++)

fast (DPM)

gp (EGSnrc)

gp (PENELOPE)/fast (DPM)
gp (EGSnrc)

gp (EGSnrc)/fast (VMC++)
gp (EGSnrc)/fast (VMC++)
fast (XVMC)

Self-contained
no
no
yes
yes
yes
yes
yes
no
no
no
no
no
yes
yes
yes
yes
no
yes
no
no
no

yes

Distributed
no
free
no
pay
free
pay
no
no
no
no
no
free
pay
no
pay
no
free
free
no
no

no

pay



MC systems according criteria

System Purpose Reach Algorithmlinac  Algorithm patient Self-contained Distributed
CERR dv - - fast (VMC++) no free
Eclipse tp vsm - pc (MMC) yes pay
elMRT 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 agp (EGSnrc) ap (EGSnrc) no free
PRIMO dv full gp (PENELOPE) gp (PENELOPE)/fast (DPM) yes free

XiO tp vsm - fast (XVMC) yes pay



ﬂ MC systems according criteria

System

Eclipse
elMRT

iPlan

Monaco

Oncentra

PRIMO

XiO

Purpose

tp
dv

tp

tp

dv

tp

Reach

vsm
full

vsm

vsm

vsm

full

vsm

Algorithm linac

gp (EGSnrc)

gp (PENELOPE)

Algorithm patient

pc (MMC)
gp (EGSnrc)
fast (XVMC)

fast (XVMC)

fast (VMC++)

gp (PENELOPE)/fast (DPM)

fast (XVMC)

Self-contained

yes
yes

yes

yes

yes

yes

yes

Distributed

pay

free

pay

pay

pay

free

pay



. Features of distributed MC

systems

Eclipse elMRT 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) pc
fast (DPM)
Dose pc (MMC) gp (DOSXYZnrc)  fast (XVMC) fast (XVMC) fast (VMC++) gp (PENELOPE)  fast (XVMC)
fast (DPM)
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-Series
C,TrueBeam
Elekta - - MLCi, MLCi2 MLCi, MLCi2 SLi, MLCi, MLCi2 SLi, MLCi SLi, MLCi, MLCi2
Siemens - Primus, Oncor Meva, Primus, - Mevatron, - Mevatron,
Oncor, Artiste Primus, Oncor 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



. Benchmarks
Fleld 1 (photons)

6 MV
*  water phantom
* voxel 3x3x3 mm3
* uncertainty 2% (k=1)
« field 10x10 cm?

Field 2 (photons)
* field 5x5 cm?

0 A36 I 0 1336
5 A35 [ = 5 B35
10 AB4 | [ 10 B 34]

[15 A330 | [ 115 B33]
20 A32 | | I_H 20 B32|
25 A3l . ; 25 B31]
25 A30 ‘ \ 25 B30
20 A20 | | [T 20 BzJI
[15 A23] | [ 115 B2§]

(10 AR7 | | 10 B27|
[5 A26 [ = | 5 B26]

[0 A25 Il 0 B25|

Field 3 (electrons)
e 6MeV
*  water phantom

voxel 3x3x3 mm3
uncert 2% (k=1)
field 10x10 cm?

Field 4 (electrons)

16 MeV

water phantom
voxel 3x3x3 mm3
uncert 2% (k=1)
field 10x10 cm?



. Benchmarks

Simulation time in minutes

Field 1 (10x10)
Field 2 (MLC)
Field 3 (6 MeV ¢
Field 4 (16 MeV e’)

Eclipse

0.1
0.2

elIMRT

372 (57)
361 (17)

iPlan

0.5
0.2

Monaco

0.4
0.5

Oncentra

0.5
0.9

PRIMO
(DPM)

5
3

PRIMO Xio
(PENELOPE)
30 -
24 -
21 0.1
31 0.2



L5 prRIMO

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.

www.primoproject.net



particularity, easiness

PRIMO

Linac-GLASS Graphical user interface

penEasyLinac Input files preparation for linacs
penEasy MAIN: sources+tallies+VRTs
PENGEOM penVox Geometry
PENELOPE Physics

generality, difficulty

ElektaMLC

5 Elekta MLGI Segment setup
L zrl\(oton mode B | & 2| = s
upper)
« Phase space Primary Beam
T o e ominal Ene b =] Glocteis
e Sf(gzts‘:”t) Initial Energy (MeV) 6.80
Energy - FWHM (MeV) 0.210
Radius (cm) 0.10
O L hcive FWHM (cm) 0.0e0
=
X
D— ™ Active
o MODEL 2100 [Model of the Varian Clinac:'60@C','600(D','2100','2300"'. REQUIRED]
] TITLE Gantry=0 and Collimator=@ => in BEV patient head up in gview2d (z-screen)
= MODEEP 1 [Operation mode. Possible values: l=electron. 2=photon. REQUIRED]
TSL SNOMEN 6 [Nominal energy in MeV. Pos val: 6,9,12,15,16,18,20,22 REQUIRED]
) SERVIC 0 [Working mode: @=Patient, 1=Service. REQUIRED]
(] APPSXY 10 10 [Appli Pos val:6 6, 6 10, 10 10, 15 15, 20 20, 25 25. REQUIRED]
%é ROTSPL @ [Usage of rotational splitting: @=No. 1=Yes. Yes for faster sim.]
Q POSPSF 1  [Position of PSF. 1=3rd scraper, 2=2nd scraper. REQUIRED if SERVIC=0]
o SYSTEM 1 [Operating system: l=Unix-like. 2=Windows. REQUIRED]
0000000000000000000000002000000000000000000000000000000000000000
SURFACE ( 17) Inclined lower plane of support plate for Ta
INDICES=C 0, 0, 0, 1,-1)
OMEGA=( 9.000000000000000E+01, @) DEG
= THETA=(-5.561283191310000E+01, @) DEG
@) PHI=( 9.000000000000000E+01, @) DEG
L Z-SHIFT=( 5.834971000000000E+00, ©)
O] 0000000000000000000000000000000000000000000000000000000000000000
Z BODY ( 5) Inclined support Al plate for Ta foil (Right)
H_J MATERIALC  5)
SURFACE ( 16), SIDE POINTER=(C 1)
SURFACE ( 17), SIDE POINTER=(-1)
SURFACE ( 12), SIDE POINTER=( 1)
[SECTION TALLY PHASE SPACE FILE v.2009-06-15]
OFF STATUS (ON or OFF)
0 PSF FORMAT (@=STANDARD penEasy ASCII; 1=IAEA BINARY)
> 1 DETECTION MATERIAL (NOT EQUAL @)
7 output.psf PSF FILENAME, REMOVE EXTENSION IF FORMAT=1
© [END OF PSF SECTION]
L write(*,'(a)")
< & 'Spectrum limits [Emin,Emax] (eV) and no. bins:'
8 read(*,*) emin,emax,nbin

write(*,'(2(1x,1pel2.5),1x,15)") emin,emax,nbin

ebin = (emax-emin)/nbin

iebin = 1.0d0/ebin

! Add one bin to store, separately, counts with E=Emax:
nbin = nbin+l

PENELOPE

C **** 1st order correction, integral of Pz times the Compton profile
C Calculated approximately using a free-electron gas profile.
PF=3.0D0/(4.0D0*FJO(M,I0))
IFCABS(PIMAX).LT.PF) THEN
QCOE2=1.0DO+ECOE**2-2.0DO*ECOE*CDT

P2=PIMAX**2
DSPZ=SQRT(QCOE2)*(1.@D@+ECOE*(ECOE-CDT)/QCOE2) a e
1 *FIO(M, T0)*0. 25D0* (2#P2-P2**2/PF¥*2-PF*+2) Ua?
SIA=SIA+MAX(DSPZ,-SIA)
ENDIF



New project
linac and
mode

Segment 1
(initial beam)

Segment 2
(Field shape)

Phantom >

Segment 3
(Patient model
Phantom or
CT volume)

CT volume

Setup

ﬂ*‘.’ Workflow of PRIMO

Simu

lation

Phase space
(above the
jaws)

1
I
Used as a source
of particles for
simulation of
segment 2 and 3

Phase space
(above the
patient)

Used as a source

DICOM
Import

Delineate
Structures

Ll |

of particles for
simulation of
segment 3

Dose
distribution
in phantom

Analysis

Dose
distribution
inCT

s



£° PRIMO 0.3.1.1529 (LUNG-DPM)
File Setup Simulation Analysis Help

loEEEsEEsE EEe EaEa

B @l LUNG-DPM Simulation Segments Segment Setu,
= ([ Varian Cinac 2100 <
‘> Photon mode =\,t{,= Primary Beam [ Fields

= B Si(upper linac) 2 .
2% Phase space Apply Defaults

Patient model

Nominal Energy (MV) 6
& Dose Initial energy (MeV): 5.400
o Energy FWHM (MeV): 0.000

8 & Structures 0 Focal spot FWHM (cm): 0.000
M BODY b =
Esophagus Beam divergence (deg): 0.000
M Lung_R
M Lung_L
Heart
Trachea
M SpinalCanal
Sub Spinal Canal
M PRV Spinacnal
M Chestwall
cTve
GTV P s3.Jog
mve
¥ M PTV 6.5Gy x 8fx. Ssimulation
PTV 5Gy x 8fx PRIMO version 0.3.1.
W buffer cw 1 Project Id  : LUNG-D
M PTV +2cm Project Name :
Lung_R1_O_PTV (<1)
CTV BRONCHIAL R - Architecture: x86 .
M PRV Esophagus CEEE R e
CTV BRONQUIAL_R ! - Speed (GHz): 2.34
M margin Bronqui_R Simulation engine: Dose Planning Method (DPM)
M PTV Bronch 35Gy
PTV Bronch 30Gy

M Dosis 26[Gy] .in files deleted in path: C:\PRIMO\DPM\Materials
.out files deleted in path: C:\PRIMO\DPM\Materials
PRIMOpreDPM#.* files deleted in path: C: \PKIMO\DPM\MAEEMB]S

L

o
3.1.1510

Simulation started 18.08.2017 at 16:01:14

== preDPM input file ===

HEADER section: Input file for PREDPM, 2001-04-23

File prefix Title (12 characters max):

PRIMOpreDPM

[Emin_ph,Emin,Emax] (ev): energy interval in which data is to be generated:
49.e3 199.e3 21.e6

WeC & Wcb (eV), cutoffs energies for collision and bremsstrahlung respectively:
200.e3 50.

step Tengti Tponameters |ST1gh(Cm S =Tow (o) ecross (V)

Nu of materials in this file:

Nomes of materials:
Air.mat

Tungsten mat
Air.mat

Air.mat
Air.mat
Air.mat
Air.mat
Air.mat
water.mat
Air.mat
Tungsten.mat
Tungsten.mat
Air.mat
Tungsten.mat
Air.mat
Tungsten.mat
Air.mat
Air.mat

Simulation Setup Plan and Dose Dose Evaluation ' & - Phase Space Analysis




Segment Setup

[ :
-)'(- Primary Beam E& Fields Patient model

+ Field Edit Field

Gantry start Gantryend Colimator Couch X1 X2 Aperture Y1 Y2 Aperture
Field Linac Technique Weight (dea) (dea) (dea) (deg) (cm) (cm) X (cm) (cm) Y
() (cm)

STATIC 1.0000 0.0 0.0 0.0 0.0 50 5.0 10.0 5.0 5.0 10.0

Segment Setup
Primary Beam E:‘ Fields Patient model

Minimum Maximum
(cm) (cm)
Sagittal 5 -20.25 20.25
Axial -20.25 20.25
Coronal 0.00 40.00

MLC

None

Applicator

None

Bin size
(cm)
0.50
0.50
0.50

Isocenter
X
(cm)

0.00

Isocenter
Y
(cm)

0.00

Isocenter

(cm)
0.00




™

Voo ! ! !

New Open Save Import a Import  Create a Create
project project project CT contours slab simulation
o (DICOM) (DICOM) phantom geometry
Import a Link a
h h (segmenta
phase- phase- tion)
space space
file file (no
(copy) copy)




% PRIMO 0.3.1.1531 (PHANTOM)
File Setup Simulation Analysis Help

D E] E -.+ oy &-1- ‘\+ §+.

o O =if

Segment Setup
0

H & PHANTOM
= [ Varian Clinac 2100
‘U Photon mode
= B S1(upper linac)
#% |Phase sprea

Simulation Segments

Primary Beam atient model

5 Apply Defaults
Properties ooy

Nominal Energy (MV) 6
Initial energy (MeV): 5.400
Energy FWHM (MeV): 0.000
Focal spot FWHM (cm): 0.000
Beam divergence (deg): 0.000

S3(patient)

Phase Space Analysis Setup
Plane dimensions

x1f600 |am vi[600 |am A

x2600 |an ¥2600 ' §

Rings

Analyze in rings

Angular interval

Azimuthal Polar

©10.00 deg ©10.00 deg

©2/360.00 deg  ©2|180.00 deg
Energy interval

v Auto

Simulation Setup Plan and Dose Dose Evaluation Phase Space Analysis

Bin sizes

Spatial 0.25
Energy 0.05

Angle [1.00

an

Mev

deg

Cancel

W-Jaws:-
Be-Wind
Ta-18x-F
*Al-scre

W-jaws-n

W-target
Cu-target

PPN PPPPIeeeReeee® @

Selectall

Material

Source (primary partides)
Mylar-Mirror

kin

[ —

Kapton-Ton-Chamber
Air

Cu-Flattening-filter
*Water-Phantom
Fe-18x-Flattening-Filter
W-MLC-lower-skin
W-MLC-frontal-skin
W-Primary-coll-non-skin

on-skin

*W-bff1SMV
'W-MLC-non-skin

*Air-absorber
*Air-rotation

Deselect all




4° PRIMO 0.3.1.1531 (PHANTOM)
File Setup Simulation Analysis Help

0 &6 ="

= @ PHANTOM
= Varian Clinac 2100
s Photon mode
= B Si(upper inac)

(==

B % S3(patient)

Simulation Setup

[1/MeV per history

pao

> v!v @

Spatial Distribution

Energy Distribution

o (O Bl e

o0 H H i H 1 I T

350 400 450 50

000 050 100 150 200 gpsh

Partides history

Electrons

Photons

Positrons
Total

General

Plan and Dose

10044987
1342
10095814

Dose Evaluation

Phase Space Analysis

0.000049
0.010045
0.000001
0.010096

Electrons
Photo

Positrons
.00,5.00] am
00,5.00] am
0.10 amjbin

¥ Slectrons
¥ photons

Positrons
v s

0

[Ial] Rainbow
] °

[4/st per history]

Statistics

Min. E (MeV)
0.100
0.020
0.130
0.020

16x10™
14x0™
12x0™

Loxto™

40x107

20x107

6.9x10

Spatial Distribution of Energy

Electrons

® Photons

i
0.10 amjbin

Angular Distribution

¥ Positrons

220

Max. E (MeV)
4.974

27

Hngle (289

Mean € £ 20 (MeV)

L1442
13542
1368+
13924

0.009
0.001
0.040
0.001




File Setup Simulation Analysis Help

DeEBEsswEr W Ee oD H C

B @ PHANTOM

Simulation yments yment Setu
= [ Varian Cinac 2100 o Sep J

U» Photon mode Active
= B S1(upper inac)
=

/! == e

Primary Beam i} Field

Apply Defaults

53(patient) a~ Nominal Energy (MV) 6
Initial energy (MeV): 5.400
e Energy FWHM (MeV): 0.000
o< o8 Focal spot FWHM (cm): (0.000
Beam divergence (deg): [0.000

Simulation Configuration

Setup applied to simulation of segments: (2, 3)
v Active

H[EE

Simulation Engine

Stop Condition and Report

 Histories 1000000000 >1000
seconds

% (2sigma)
Stop condition is: Histories
seconds

Simulation processes

Cancel

Simulation Setup Plan and Dose Dose Evaluation Phase Space Analysis




v Splitting in phantom or CT

File Setup Simulation Analysis Help
- *
0&8 &8 @& &=
SCHANTON Simulation Segments
= ([ Varian Clinac 2100 Seg
" Photon mode
= B S1(upper inac)

S3(patient)

Splitting Factor 200|

Simulation Setup Plan and Dose

&

Dose Evaluation

sl @ [ ool (O Bl = Rainbow

Segment Setup
Active - Primary Beam [}

Apply Defaults

Nominal Energy (MV) 6
Initial energy (MeV): [5.400
Energy FWHM (MeV): |0.000
Focal spot FWHM (cm): 0.000
Beam divergence (deg): 0.000

v Active
o< 08

v Active
o< 08

Variance Reduction Configuration

Variance Reduction

ting in phantom or CT

Phase Space Analysis

Cancel




DICOM Image Import

Patient orientation: Fee

slice: 0 at -575.50006 mm; UID: 1.2.840.113704.1.111.4720.1499459818.20532

Warning: Slice thickness is missing or wrong

Reconstructing slice thickness...

3.00000; 3.00000; 3.00000; 3.00000; 3.00000; 3.00000; 3.00000; 3.00000; 3.00000; 3.00000; 3.00000; 3.00000; 3.00000; 3.00000; 3.00000; 3.00000; 3.00000;
3.00000; 3.00000; 3.00000; 3.00000; 3.00000; 3.00000; 3.00000; 3.00000; 3.00000; 3.00000; 3.00000; 3.00000; 3.00000; 3.00000; 3.00000; 3.00000; 3.00000;
3.00000; 3.00000; 3.00000; 3.00000; 3.00000; 3.00000; 3.00000; 3.00000; 3.00000; 3.00000; 3.00000; 3.00000; 3.00000; 3.00000; 3.00000; 3.00000; 3.00000;
3.00000; 3.00000; 3.00000; 3.00000; 3.00000; 3.00000; 3.00000; 3.00000; 3.00000; 3.00000; 3.00000; 3.00000; 3.00000; 3.00000; 3.00000; 3.00000; 3.00000;
3.00000; 3.00000; 3.00000; 3.00000; 3.00000; 3.00000; 3.00000; 3.00000; 3.00000; 3.00000; 3.00000; 3.00000; 3.00000; 3.00000; 3.00000; 3.00000; 3.00000;
3.00000; 3.00000; 3.00000; 3.00000; 3.00000; 3.00000; 3.00000; 3.00000; 3.00000; 3.00000; 3.00000; 3.00000; 3.00000; 3.00000; 3.00000; 3.00000; 3.00000;
3.00000; 3.00000; 3.00000; 3.00000; 3.00000; 3.00000; 3.00000; 3.00000; 3.00000; 3.00000; 3.00000; 3.00000; 3.00000; 3.00000; 3.00000; 3.00000; 3.00000;
3.00000; 3.00000; 3.00000; 3.00000; 3.00000; 3.00000; 3.00000; 3.00000; 3.00000; 3.00000; 3.00000; 3.00000; 3.00000; 3.00000; 3.00000; 3.00000; 3.00000;
3.00000; 3.00000; 3.00000; 3.00000; 3.00000; 3.00000; 3.00000; 3.00000; 3.00000; 3.00000

Ok

Volume dimensions: x: 400.8 mm, y: 400.8 mm, z: 441.0 mm

Ok to import!

Creating the default simulation geometry...

density



DICOM-RT STRUCT Import

PRIMO

Structure set name: CT1_18/1/16Mesa

One or more of the structures selected to import extend out of the CT spatial range. . ) )
The CT has been enlarged to accomodate those structures. 7 Selectal Identify body contour: body Set to air any CT voxel outside body contour

Import ROI D Name Modify CT HU Vertices
“ v 4 cap_femur_d cap_femur_d 2742

20 CouchSurface CouchSurface 194194
21 CouchlInterior CouchInterior 95524
22 z_PTV57+3mm z_PTV57+3mm 3710
23 z_PTV570pt z_PTV570pt 1650
24 z_PTV72+3mm z_PTV72+3mm




£ PRIMO 0.3.1.1529 (MARC3)
File Setup Simulation Analysis Help

028 =&

= & MARC3
= ([P Varian Clinac 2300
“I*» Photon mode
= B Si(upper linac)
#% Phase space

& Dose

Structures
M body
bufeta
M recte
cap_femur_d
cap_femur_e
M paret rectal
paret rectal 50%
M paret rectal ant
paret rectal dor
W CTV prostata
ctv vvss
ctv
PTV60
PTV70
PTV60-PTV70

BEV VIEW

CouchSurface
CouchInterior
z_ptv70

M z_recto_opt

Fields  Structures

Field Linac Technique

Simulation Setup Dose Evaluation

Weight

0.2075
0.2287
0.1450
0.1625
0.2562

Phase Space Analysis

Gantry
start
(deg)

180.0
255.0
315.0

45.0
105.0

Gantry end  Collimator

(deg)

180.0
255.0
315.0
45.0

(deg)

Couch
(deg)

360.0
360.0
360.0
360.0
360.0

3D VIEW

CORONAL Fields Dose
(%) Field Setup

+ Show fields
Enable plan editing
Import Plan
+Field -Field
Edit Field parameters
Reset fields

Move view planes to isocenter

Set isocenter position at planes

Control Points

() BEV View

Invert color scale
DRR Templates
* Bone
Soft Tissue +Bone
Lung
Breast
Phantom

Jaw display
Show structures
Solid MLC:

« o

(#) 3D View

Show 3D dose

Isocenter Isocenter Isocenter
X Y Z Group
(cm) (cm) (cm)

Aperture
Applicator

0.20 s 22.96
0.20 3.75 22.96
0.20 3.75 22.96
0.20 3.75 22.96
0.20 3.75 22.96




Simulation Configuration

Setup applied to simulation of segments: (2, 3)
Simulation Engine

nenFasv/PENFI OPF Dose calibration

* Dose Planning Method (DPM)
Coarse dose distribution (voxel side = 0.25 cm)

Reference dose (measured): 1.000 [Gy] z ed ( \ n itions
Reference MU: 100 [MU] t L E sured re nce dose
Reference dose (calculated): 0.500 [eV/a] ted with a M nce conditions

Simulation Seeds

Seed1 1

Calibration factor: 0.020 [Gy/MU g/eV]

Seed2 |1

Cancel
Stop Condition and Report

¥ Histories 1000000000 >1000

seconds

% (2 sigma)

Stop condition is: Histories

Dose Evaluation Dose in Gy

seconds

LA Phys. Med. Biol. 45 (2000) 2263-2291. Printed in the UK PII: S0031-9155(00)12211-0

DPM, a fast, accurate Monte Carlo code optimized for photon
and electron radiotherapy treatment planning dose
calculations

Josep Sempauti, Scott J Wildermant and Alex F Bielajew

+ Department of Nuclear Engineering and Radiological Sciences, The University of Michigan, M) [
Ann Arbor, MI, USA [ 9
 Institut de Técniques Energétiques, Universitat Politéenica de Catalunya, Diagonal 647,

08028 Barcelona, Spain



DPM simulation

Control Point Elapsed time [sec] Simulated histories  Uncertainty [%]
93/354 267.1 238985085.0 18.26

Simulation status: Simulating

==* Running DPM...
This is Dose Planing Method (parallel vers
( 8 active threads detected)
Program started on 29 Aug 2017 17:44:49
init: Reading simulation setup from STDIN;
information from this stream follows:
No of histories:

1.00000E+09
Allotted time; use neg values to indicate CPU time (s):

-9.000E+08
PSF filename (set to - for none):

Progress
24%

Close window when simulation has finished




File Setup Simulation Analysis Help

0aE:ege IR0 PEEN 28

= & BRAIN-MM AXIAL SAGITTAL CORONAL Felds  Dose
= [ Varian Cinac 2100 Wi I Gy x
2 Photon mode Image: 51 (-2.28 cm) / Image: 128 (0.00 cm) Image: 88 (10.66 cm)
= S1(upper inac) 256 pix x 256 pi, / 256 pix x 125 pix 256 pix x 125 pix
5 P , z00m: 1,00 - zo0m: 1.00 v Show dose
afiinaseiace 7 3893 % y3p0 v: 93 pix X: 34 pix, ¥: 71 pix
" X:-11.32 cm, ¥: 1,70 cm _~ ¥ Show dose scale

Plan and Dose

() Dose

HU:
- | 'w § : o e @ Dose inspection
25430 i1 o 4 >
o A 7 g i ; ] ¢ Min, dose 0.000
ose & = + [0.000 (0.0%)

Max, dose  49.389
4 2485(5.0%)

Structures
N BODY
Sagittal

OralCavity ] 59" 0.000
Parotid_R = § 4 A p \ 3 Axial -2,139

Parotid_L Kiies, N f ¢ Coronal 110.753

Eye L - L Dose 41817
Brainstem ’ | 3~ N o L

I Mandible

Cochlea_R

Cochlea_L

+ 2.186(218.6%) eV/g

Denoise dose (0)
WC: 1100, Ww: 600 WC: 1100, Ww: 600
3D VIEW

Toggle isodose/color wash

Calibration

Dose (Gy)

MU

i
\"

/r/r’/}V//'//////// 15 Fractions
7

/4 ¥ Null dose voxels with

Z uncertainty higher than
Z
Z
Z
Z

50 Hpe Aoy

Min. dose uncertainty 4.87 |o,
Max. dose uncertainty 50.00 %

Volume (%]

Reload dose
Export the dose to a text file

() pvhs
Differential DVHs

Absolute volume
.‘H (~) Dose profiles
el

Dose Min. Dose Max. Dose Ave. Dose Min. Dose Max. Dose Ave.
EENER Name [cm3] Coverage [%] (20) [Gy] (20) [Gy] (20) [Gy] (20) [%] (20) [%] (20) [%]
0s¢ (6]

\\\\\\\\\\\\\\\\\\\\-

163 2173 2716 326

POL(deg): 32.

v

=
E
o

BODY 4255.7 9.7 0.000 (0.000) 49.920 (2.497) 18.506 (0.019) 0.0 (0.0) 100.0 (5.0) 37.1 (0.0)
OralCavity 30.2 100.0 0.000 (0.000) 15.183 (1.289) 6.368 (0.072) 0.0 (0.0) 30.4 (2.6) 12.8 (0.1)
Parotid_R 154 100.0 0.000 (0.000) 15.449 (1.370) 5.863 (0.087) 0.0 (0.0) 30.9 (2.7) 11.7 (0.2)
Parotid_L 15.5 100.0 0.000 (0.000) 14.637 (1.359) 5.395 (0.080) 0.0 (0.0) 29.3 (2.7) 10.8 (0.2)
Eye_L 9.9 100.0 0.000 (0.000) 16.787 (1.362) 8.356 (0.150) 0.0 (0.0) 33.6 (2.7) 16.7 (0.3)
Brainstem 25.7 100.0 27.435 (1.780) 36.698 (1.965) 32.185 (0.343) 55.0 (3.6) 73.5 (3.9) 64.5 (0.7)
Mandible 9.0 100.0 0.000 (0.000) 21.532 (1.622) 4.814 (0.036) 0.0 (0.0) 43.1(3.2) 9.6 (0.1)
Cochlea R 0.9 100.0 10.604 (1.075) 21.785 (2.537) 14.698 (0.844) 21.2(2.2) 43.6 (5.1) 29.4 (1.7)

Simulation Setup Dose Evaluation 7 Phase Space Analysis




Difference

Gamma

£° PRIMO 0.3.1.1534 (HEAD&NECK)

File Setup Simulation Analysis Help

08 &

= 81 HEAD&NECK
= ([P Varian Clinac 2100
“Ir» Photon mode
= B S1(upper linac)
2% phase space
=

& Dose

Structures
M BODY
Parotid_L
Eye_R
Glottis
STHE
Lung_L
Cochlea_R
Cochlea_L
W Parotid_R
Lung_R
W OralCavity
Mandible
Brain
M SpinalCanal
M PRV Spin Canal
Braquial Plexu L
CTV Neck_L
B CENTRAL BLOCK
Bones
CTV BOOST
PTV 40Gy/20fx
Humero_L
M PTV 44Gy

Simulation Setup

Image: 193 (8.07 cm)

256 pix x 256 pix

zo00m: 1.94

X: 192 pix, ¥: 102 pix

X: 12.66 cm, ¥: 20,05 cm

HU: 0

Dose: 0,000 evfg (0.0%)

External dose: 0.031 etfq (10.5%)

b oo o=

SAGITTAL

¥ 32,66 cmj ¥

u: 348 |
Dose: 0.004 evjt

CCORONAL

Image: 14442
256 pix x 578

zoom: 1,94

1100, Ww: 600
i

Lateral dose profile Z ¥ Reference v External  Difference

0.31

Dose [eVig]

Plan and Dose Dose Evaluation

Phase Space Analysis

= v Uncertainties

soualal|q

Evaluation Gamma
) Dose
Load external dose
(HEADNECKD)
Dose display mode

® Blended Coarse
Difference

Restrict the analysis to:
The region inside the structure

None

Normalize:
None

Calibration

Dose in Gy
20 Fractons

Dose inspection
Min. dose difference -0.0995
Max. dose difference 0-1130

Sagittal 4.483
Apply  Axial 8.071
Coronal |28.069

Dose [0.270
4 0006

External Dose 0266
Dose difference 0.0045

() Blending

Reference Extemal
50 % — 50 %

() cT Window




Blending

Gamma

#° PRIMO 0.3.1.1534 (HEAD&NECK)

File Setup Simulation Analysis Help

08k =&

B & HEAD&NECK
= [ Varian Clinac 2100
‘i Photon mode
= B Si(upper linac)
#2 Phase space
=

w5

& Dose

Structures
W BODY

Parotid_L
Eye R
Glottis
Eye_L
Lung_L
Cochlea_R
Cochlea_L

W Parotid_R

W SpinalCanal
M PRV Spin Canal
M ' Braquial Plexu L
CTV Neck_L
¥ W CENTRAL BLOCK
Bones
CTV BOOST

PTV 40Gy/20fx

Humero_L
W PTV 446Gy

AXIAL

Image: 1 7 cm)
256 pix x 256 pix

zoom: 2.15

X: 186 pix, ¥: 150 pix

%: 11,40 cm, ¥: 29,39 cm

HU:
Dose difference: -0.0220 Vg (-7.3%)

"@

> (oo (=) Bl @ S

SAGITTAL

Lateral dose profile Z
0.31

WC: 1100, Ww: 600

 Reference v External

CORONAL

/

(

+ Difference

i

WC:.I?Q%&% ec?'-
frrece]

 Uncertainties

WC: 1100, ww\eun

146

[56] souasayiq

Evaluation Gamma
~) Dose

Load external dose
(HEADNECKD)
Dose display mode

Blended v Coarse
*® Difference

Gamma index

Restrict the analysis to:

The region inside the structure
PTV 40Gy/20fx

Normalize:
None

Calibration

Dose in Gy
20 Fractions

Dose inspection
Min. dose difference -0.0995
Max. dose difference 0.1130

Sagittal [4.084
Apply  Axial 7.286
Coronal [28.096

Dose 0.272
4+ 0.006

External Dose 0:264
Dose difference 0.0082

Blending

) CT Window

25
Depth [cm]

Simulation Setup Plan and Dose Dose Evaluation Phase Space Analysis




#° PRIMO 0.3.1.1534 (HEAD&NECK)
File Setup Simulation Analysis Help

088 = =& o

= @ HEAD&NECK AXIAL
= [P Varian Clinac 2100 )
- Photon mode Image: 187 (7.17 cm) Image: 148 (0N : 144 (28.07 cm) () Gamma analysis
=M Si(upper linac) 256 pix x 256 pix 256 pix k 278/pik & 278 pix P
Z% Phase space 200m: 2,15 : 215 15 riteria:
e %! 186 pix, ¥: 150 pix s s i 4 (% 3 i DTA 0.1 =

%: 11,40 cm, ¥ 29,39 cm 3

Evaluation Gamma

2 HU: O Dose 10 %
Gamma result: Fail

Restrict the analysis to:

& Dose

Reference dose

with uncertainty below 70 B %

.
[ ] B I d = ¥ Structures
ending
Parotid_L
e ) : 2641055
Glottis Points analyzed:
Eye L / Points passing the ariteria: 2260017
Lung_L 3
Cochlea_R - 9% points passing the criteria: 85.57
Cochlea_L
W Parotid_R
Lung_R
W OralCavity
M Mandible
Brain
M SpinalCanal
W PRV Spin Canal
Restrict the analysis to: Bl P
The region inside the structure B CENTRAL BLOCK

Bones Lateral dose profile Z v Reference v Extemal v Difference V Uncertainties
CTV BOOST

PTV 40Gy/20fx 031 146
Humero_L
M PTV 44Gy

[CICHCH<]

* Difference

(<<

<]

WC: 1100, Ww: 600 VCy 1100, Wi 600 WC: 1100, Wifye00

None

Dose [eVig)
[36] souasayiq

20

25
Depth [cm]

Simulation Setup Plan and Dose Dose Evaluation Phase Space Analysis




#? PRIMO 0.3.1.1534 (HEAD&NECK)
File Setup Simulation Analysis Help

08B L =& WS & 0% @ [ o= sy = o [

= & HEADRNECK AJAL SAGITTAL CORONAL
= ([P Varian Clinac 2100 |

“I'» Photon mode Image: 187 (7.17 cm) 3,90 : 144 (28.07 cm) *) Gamma analysis

= B Si(upper linac) Zﬁﬁyﬁlxzx 12556 pix X or i Criteria:

2% Phase space %13 pix, ¥: 116 pix s di ! DTA 0.1 an

%: 2,15 em, 2 22,77 cm

Evaluation Gamma

e

HU: 0 Dose 1.0 %
Gamma result: unknown

Restrict the analysis to:
& Dose

Reference dose
with uncertainty below 70 B %

.
[ ] B I d = Structures
ending

Parotid_L
° D H f f S \ Points analyzed: 2255650
I e r e n C e Eye_L Points passing the criteria: 2133383
Lung_L
Coca@aj I % points passing the aiteria: 94.58
Cochlea_L
W Parotid_R

Lung_R
W OralCavity

W Mandible

: ; ~ Brain
Restrict the analysis to: B Spmaicanal

The region inside the structure Ml PRV Spin Canal
Braquial Plexu L
]
BODY . ggx%i‘&tom WC: 1100, WW: 600 C; 1100, WW: 600
Bones
CTV BOOST
PTV 40Gy/20x
Humero_L
M PTV 44Gy

Apply

v Reference v External ¥ Difference ¥ Uncertainties

Dose [eVig]
(9] 8ousJayI

Simulation Setup Plan and Dose Dose Evaluation Phase Space Analysis




* Blending

* Difference

Restrict the analysis to:
The region inside the structure

PTV 40Gy/20fx

£° PRIMO 0.3.1.1534 (HEAD&NECK)

File Setup Simulation Analysis Help

088 = =&

= @ HEAD&NECK AXIAL
& ([P Varian Clinac 2100
“'» Photon mode Image: 187 (7.17 cm)
= B Si(upper linac) gjgrr?_wx; 12556 pix
% Phase space X: 151 pix, ¥: 74 pix
X: 4.66 cm, ¥: 14.56 cm

HU: 0O
Gamma result: unknown

& Dose

= ¥ Structures
W BODY
Parotid_L
Eye_R
Glottis
Eye_L
Lung_L

w © > EM e

SAGITTAL

Cochlea_R
Cochlea_L
W Parotid_R
Lung_R
B OralCavity
M Mandible
Brain
M SpinalCanal
M PRV Spin Canal
B Braquial Plexu L
CTV Neck_L
M CENTRAL BLOCK
Bones Lateral dose profile Z
CTV BOOST
PTV 40Gy/20fx 5
Humero_L
M PTV 44Gy

Dose [eVig]

Simulation Setup Plan and Dose

Dose Evaluation

Iy

o

Gray

CORONAL

Evaluation Gamma

() Gamma analysis
Criteria:
DTA 0.1 aan
Dose 1.0 %

Restrict the analysis to:

Reference dose

with uncertainty below 70 B %
Apply

Points analyzed: 61016
Points passing the criteria: 38326

% points passing the criteria: 62.81

WC: 1100, Ww: 600

 Reference v External + Difference

¥ Uncertainties

Phase Space Analysis

WC: 1100, ww\aun

146

[96] soussayIq




File Setup Simulation Analysis Help

08k =&

= @ HEAD&NECK AXIAL
= ([ Varian Ciinac 2100
“U» Photon mode

= B Si(upper linac)

2% phase space

Image: 194 (8.2 cm)
256 pix x 256 pix

200m: 2.15

X: 190 pix, ¥ 202 pix

X: 12,14 cm, ¥: 39.56 cm

HU:
Gamma result: unknown

& Dose

B I d H = Structures
ending
Parotid_L
Eye_R
Glottis
Eye_L

<]

Difference

ol vw @ > m O ‘dI s
SAGITTAL

Image: 1504

Lung_L
Cochlea_R
Cochlea_L
M Parotid_R
Lung R
W OralCavity
B Mandible
Brain
M SpinalCanal
PRV Spin Canal
M ' Braquial Plexu L
B CTVNeck L
M CENTRAL BLOCK
Bones
B CTVBOOST
PTV 40Gy/20fx
Humero_L

[<H<I<H<I<]

—

WC: 1100, WWw: 600

Dose [%]
55

|
WC: 1100, WV\sou;i'

B PTV 44Gy

Dose profiles w/
difference profile

Volume (%]

Simulation Setup Plan and Dose

Volume [%]

Selected (External) 83.59

Reference 93.57

Differen

Rel. Difference [

ce -9.98

%] -9.98

Dose [Gy]
at Vol (83.59 %)

43.500
44.072
-0.572

-1.04

27.41

Dose [Gy]

Phase Space Analysis

Dose [%]
at Vol (83.59 %)

87.29
88.44
-1.15

-1.04

Evaluation Gamma
~) Dose

Load external dose
(HEADNECKD)
Dose display mode
Blended ¥ Coarse
Difference

Restrict the analysis to:
The region inside the structure
PTV 40Gy/20fx

Normalize:
None

Calibration

Dose in Gy
Fractions

Dose inspection
Min. dose difference -0.0193
Max. dose difference 0.0229

Sagittal [4.352
Apply  Axial 8.220
Coronal 27.547

Dose [45.415
4 0967

External Dose 45058
Dose difference 03569
~) Blending

~) CT Window
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