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ISOGRAY: Monte Carlo TPS by DOSIsoft

MC dose calculation release currently available for e- beams (next for hu beams):

« full integration of MC algorithms in the TPS: co-existence with other conventional calculation
models (beam library structure, pooled dose distribution evaluation tools, possibility of mixed
processing MC(e-beams) + PK(hu beams), ...)

+ specific features associated to MC simulation for routine clinical planning

Advantage: the partnership with Pr F.Salvat the author of the PENELOPE code and
derivatives (PENCT, PENFAST)

Objectives:

e full simulation of particle transport from the exit of the accelerator structure to the patient:
direct use of phase space information (storage, speed to read the PS File)

full user-control of the calculation parameters



ISOGRAY: Monte Carlo TPS by DOSIsoft

Special issues to be discussed:

the performances of the beam modelling to take into account geometric details in the
accelerator treatment head simulation and to reproduce the user-beam characteristics

statistical uncertainties attached to the dose results and the ability of the system to
reduce computation time

the simulation of hu beams and of e- beams present different challenges



Isogray Monte Carlo TPS: dose calculation principle

Treatment head geometry

PSF1: fixed elements of the head

Beam modifiers
_ e-:jaws, applicators
- hu: MLC, jaws, blocks

PSF2: beam shaping devices

Simulation in the patient
_ e-:cut-out
- voxelised CT volume

Dose deposit calculation



Isogray Monte Carlo TPS: beam modeling

PSF1 & PSF2 for e- beams:
— ~100 M patrticles
— PSF: energy, position, direction
— 1 file / energy / applicator
— 1 calibration file (Gy © MU) in Ref.cond.

Computerized by Dosisoft Support

Simulation based on proprietary information
(materials, geometry) provided from
accelerator manufacturers

+

Commissioning (e- beams):
control over parameters (incident energy, spot
size) affecting the treatment head simulation
Tuning process until acceptance
criteria are achieved according to
user measurements
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Isogray Monte Carlo TPS: beam modeling

Adjustment of the generic model to the machine-specific characteristics

... according to DTA, dose deviation and g-index tolerances

> Quality of the MEASUREMENTS (choice of detector)!
> Linac Quality Control (follow-up after acceptance tests)



Isogray Monte Carlo TPS: anatomical model of the patie  nt

voxel size — calculation grid

For smaller voxel sizes (higher resolution):
more simulated showers required (for equivalent precision)
more surfaces and interfaces (exit of each voxel is a new medium)
more CPU time is required for equivalent precision



Isogray Monte Carlo TPS: anatomical model of the patie  nt

Double conversion procedure
from Hounsfield Units |
In order to use CT data

DICOM3
air
I lung

soft tissues

- cortical bone
I hard bone

Material assignment
for atomic composition and cross
sections
taken from PENELOPE database

Mass Density
derived from CT scanner
calibration

ISOGRAY




Isogray Monte Carlo TPS: anatomical model of the patie  nt

Re-sampling and partial volume effect: creation of intermediate artificial “material areas”

\

Other situation (implant): the knowledge of the material implanted in the patient
would be beneficial



Isogray Monte Carlo TPS: anatomical model of the patie  nt

Mass Density matrix



Isogray Monte Carlo TPS: anatomical model of the patie  nt

Material matrix



Isogray Monte Carlo TPS: anatomical model of the patie  nt

Mass Density matrix



Isogray Monte Carlo TPS: anatomical model of the patie  nt

Material matrix



Isogray Monte Carlo TPS: calculation parameters

Relative error p (dose)?©°
i (time)©->

computation time —— «— other stopping criteria...

time ____ short medium long —




Isogray Monte Carlo TPS: dosimetric results visualizatio n

Head & Neck case

error matrix vs computation time

12” 30" 60" 300"



Isogray Monte Carlo TPS: calculation parameters

8 processors /[ —

Hardware requirements



Isogray Monte Carlo TPS: calculation parameters

Denoising, smoothing

Adaptive Anisotropic Filtering
Iterative Reduction Of Noise (lron)

2 mn (raw) 30 s + Iron

Denoising methods require proper validation under the full range of clinical circumstances



Isogray Monte Carlo TPS: calculation parameters

Error matrix



Isogray Monte Carlo TPS: dosimetric results visualizatio n



Isogray Monte Carlo TPS: dosimetric results visualizatio n



Isogray Monte Carlo TPS: dosimetric results visualizatio n



Isogray Monte Carlo TPS: dose prescription and reporting

FromDing, ... in Phys.Med.Biol. 51 (2006) 2781-2799

 MC TPS inherently calculates
dose-to-tissue (CT ® material calibration
curve)

1 conventional TPS ® dose-to-water

Discrepancies in relation to the values of the
Water/Medium stopping-power ratios
(~ 4% lung, ~ 12% bone)

1 detector calibration

* Dose reporting : must be consistent with the
dose calculation

(prescription dose, treatment outcomes
comparison)

D,, = Dy, (SIr)"



Isogray Monte Carlo TPS: dose prescription and reporting

ICRU recommendation: accuracy on calculated specified dose value must be better than 2%

« Statistical uncertainty can be specified for a single voxel in the dose distribution:
iIsocentre : relevant (?) for the computed plan
1% ... 2% as a stopping criterion at

d ... : ~OKfor “serial” OAR (spinal cord)

o Statistical uncertainty may be specified over some volumes of interest : PTV, OAR,
volume receiving greater than ...% of the treatment dose:

_ 1 Saiy
|:d>0.5Dmax_ Nvoxels S (TI)

1/2

From Chetty, ...in Med.Phys. 34 (2007) 4818-4853

 Recommendation: prescription relying on isodose surface, volume dose, DVH point



Isogray Monte Carlo TPS: monitor unit calculation

* PSF calibration (Gy © MU) by performing a simulation in the standard geometry where the
linac is set to deliver a given dose per monitor unit:

~ based on the mean energy released per e- in the monitor chamber

 Relative Output Factors (e-beams):

dose rate vs beam shaping

Elekta SL Series, e- 8 MeV, SSD 100cm, applicator 10cm x 10cm (95cm), d

max”*

t-out
Cut-ou 10 x 10 8x8 74x63 7x6 7x4
aperture (cmxcm)
Computed 1.000 0.987 0.980 0.971 0.944
value
Measurements 1.000 0.990 0.984 0.972 0.940

Experimental data : courtesy of CHU Tours-France



Isogray Monte Carlo TPS: photon beams

MLC geometry and simulation

D
Varian Clinac MLC 52 leaves “Tongue & groove”
arrangement Isogray simulation:
“Tongue & groove”

underdosage

« complex beam shape defined by standard graphic editor

* selective particle tracking according to the interaction point position: “body” — “skin”



Isogray Monte Carlo TPS: photon beams

Example 6MV beam

[ [ [
]

MC simulation Point-kernel Point-kernel
superposition FFT convolution

voxel : 3 mm x 3 mm x 3.4 mm



Isogray Monte Carlo TPS: examples

Head & Neck case
MC e- 9 MeV Conventional calculation



Isogray Monte Carlo TPS: examples
Head & Neck case

Influence of the
Immobilization system



Isogray Monte Carlo TPS: examples

Head & Neck case
MC Conventional calculation



Isogray Monte Carlo TPS: examples
Medulloblastoma case



Isogray Monte Carlo TPS: conclusion

¢ MC calculation is needed clinically

¢ Commissioning of MC systems can require significantly more effort than
traditional algorithms

beam commissioning and validation

construction of a realistic patient model

reading of statistical noise on isodose lines, DVHs, TCP/NTCP/EUD
dose prescription and reporting

¢ There will need to be some re-thinking of our traditional planning processes
in order to fully utilize Monte Carlo techniques



