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Recent upgrades (2017-2018)
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PassiveCarbonBeamlLine

Zero Degree Beamline

of LNS-INFN for
radiobiological experiments
with 1ons beams

<

Istituto Nazionale di Fisica Nucleare

New implemented Elements

Modulation system:
- Ripple Filters (12C)
- Ridge Filter (160 and 4He)

Scattering system:
Double foil with a central stopper
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PassiveCarbonBeamLine CINFN
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TIFPAPassiveProtonBeamLine
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HADRONTHERAPY_1 HADRONTHERAPY 2 HADRONTHERAPY_3
standard_opté standard_opt4 standard_opté
Electromagnetic G4EmExstraPhysics G4EmExstraPhysics
G4EmLivermorePhysics
G4DecayPhysics G4DecayPhysics G4DecayPhysics
G4RadioactiveDecayPhysics G4RadioactiveDecayPhysics -
G4IonBinaryCascadePhysics G4IonBinaryCascadePhysics
Hadronic G4HadronElasticPhysicsHP G4HadronElasticPhysicsHP G4HadronElasticPhysics
G4StoppingPhysics G4StoppingPhysics G4StoppingPhysics
G4HadronPhysics(GSP_BIC_HP G4HadronPhysicsQGSP_BIC_HP G4HadronPhysicsQGSP_BIC
G4NeutronTrackingCut G4NeutronTrackingCut

A sistematic study on the possibility to include the QGSP_BIC_ALLHP is on going

- ProtonHP: Status and Problems - Pablo Cirrone
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L ET calculation
s

New LET class based on
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M.G. Cortes et al.”A critical study of different Monte Carl
maps calculated in voxelized geometries irradiated with clinical proton beams”,Phys.
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0 scoring methods of dose

A comparison with experimental data is already ongoing

averaged linear-energy- transfer
Med. Biol. 60 (2015) 2645-2669
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New class for RBE calculation <¢nee
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| Generation of
| Look Up Table
based on LEM >

(Survival code)

Fixed a voxel, at each particle step are
retrieved the following infromations:

O Atomic number Z

O Atomic mass A

O Kinetic Energy E

O Deposited Energy dE

(0]

(0]

Precompiled LUT are recalled step-by-step
for each particle.

— | The a and B parameters are then calculated
by an interpolation procedure applied at the

Linear Energy Transfer LET LUT values and based on particle energy E

Step Length dx and LET.
The output variables, calculated at the end
of a run are: The weighted average of « and £ parameters
O q, and B, parameters is calculated at the end of each event, taking
O Survival Fraction SF <«—|into account the contribution of each
O Relative Biological EffectivencssRBE particle.
O Physical dose Dynys
O Biological dose Dvio
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A Look Up lable

Istituto Nazionale di Fisica Nucleare

alpha x beta x r_nucleus D_t specific_energy let alpha beta cell particle RBE_alpha
1/0.11 0.06 6.5 8 172.698 0.5 0.127549 0.0588984 Us7 H 1.15953636363636
2 0.11 0.06 6.5 8 143.534 0.567824 0.138268 0.0582273 us7 H 1.25698181818182
3| 0.11 0.06 6.5 8 119.965 0.644847 0.149487 0.0575248 us7 H 1.35897272727273
4 0.1 0.06 6.5 8 100.952 0.732319 0.161175 0.0567928 us7 H 1.46522727272727
5| 0.11 0.06 6.5 8 85.4798 0.831656 0.173273 0.0560348 us7 H 1.57520909090909
6| 0.11 0.06 6.5 8 72.4215 0.944468 0.18615 0.0552277 us7 H 1.69227272727273
7 | 0.1 0.06 6.5 8 61.3953 1.07258 0.19987 0.0543674 us7 H 1.817
8 0.1 0.06 6.5 8 52.3329 1.21808 0.21415 0.0534717 us7 H 1.94681818181818
9| 0.11 0.06 6.5 8 44.5844 1.3833 0.229405 0.0525143 us7 H 2.0855
10| 0.11 0.06 6.5 8 38.033 1.57095 0.245631 0.0514955 us7 H 2.23300909090909
11| 0.11 0.06 6.5 8 32.4783 1.78404 0.262885 0.0504115 Us7 H 2.38986363636364
12| 0.11 0.06 6.5 8 27.7871 2.02604 0.281233 0.049258 us7 H 2.55666363636364
13 | 0.11 0.06 6.5 8 23.8148 2.30087 0.300765 0.0480292 us7 H 2.73422727272727
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Comparison with experimenta
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G. Petringa, GAP Cirrone et al., “Estimation and
validation of radibiologically and clinically relebant
quantities using Geant4-based Monte Carlo
simulations”, Under review

MDA
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Next steps

o |

O Validate the new class for the LET calculation (Master Thesis, D.
Chiappara)

O Validate the new class for the RBE calculation by creation a database
with different cell lines: new project in collaboration with INFN-TIFPA,
INFN-RMS3, INFN-NA, Vinka Institute, GANIL, University of Wollongong

O Insert a class dedicated to the DICOM images (PhD Thesis, P. Pisciotta)

O Insert the geometry of the new ionization chambers installed at TIFPA
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A new extended example...!
T S
The idea

create a direct link between the radiobiological models
(i.e. LEM and MKM) and Geant4 to calculate
the RBE Iin a mixed field condition

Survival Geant4

y //l

open Source
C++
\ Radiobiological Models \

open Source
C++
Monte Carlo code

Istituto Nazionale di Fisica Nuclear
SEZIO TORINO

7IONE DI TORINO
INFN
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A new extended example...
-—

O The Geometry = voxelized water cube

O The Source -» two possibilities: import a phase space that reproduce the extacly
characteristics of a real beam line or alternatively a standard source defined by
the Users

O Specific set of classes dedicated to computing Dose, LET and RBE

O The Geant4 will be connected to the Survival code (open source, already
written in C++ and able to create the LUT necessary to RBE calculation)

input parameters: output:

- cell line with releated - Dose distribution
parameters (i.e. alpha LET distribution
and beta) RBE distribution

- model: LEM |, LEM ||,
LEM Ill or MKM

- source: phase space or
| standard definition

alpha_ion; beta_ion;
SF calculated with model
SF calculated with MC
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A new extended example...!
-—

e Modular object-oriented
approaCh for HSG O Features Business Explore Marketplace Pricing Search Signiin o Sign up
radiobiological modelling i

__ t batuff / Survival OWatch 2 Kstr 1 YFork 2
(C++) 25001 Model d
: Astioiie MCt— M KM : P <> Code Issues 0 Pull requests 0 Projects 0 Insights
-—-- ’/‘/ ‘1\!
e Implemented models: i E .
2.000 - [m m Join GitHub today
- / ,/r '\"‘., GitHub is home to over 28 million developers working together to host
L E M 1 3 I M K M ’ a n d . /jl /' A \q} and review code, manage projects, and build software together.
variants. YA [sono
~~ F g \
T 1.500- |
. . | ] M \ ) o .
. Eva I u atlo n Of Ce I I S u vaa I - 8 ‘;‘ “' A\ Implementation of radiobiological models for radiotherapy.
LQ p a ra m ete rS - R B E - \8/ "‘( ,»4"" 0 145 commits P 1branch © 0 releases 42 2 contributors s GPL-2.0

/
J 4 2 _— —

etC- == 1 _OOO -1 /’ 4 - Branch: master v [FUGR{CE Clone or download ~

" //a . batuff minor corrections. Latest commit 222eaca on 8 Jun

® M O n te Ca rl O a n d fa St ///,a/ " \ B Documentation updated documentation. 6 months ago
approximate methods. 0.500 - A,

P M ext_include Added/Updated external libraries (gsl and omp) 6 months ago
~~~~~ kS
§ M ext_ib Added/Updated external libraries (gsl and omp) 6 months ago
. O p e n SO u rce A i include Add comment on warnings suppression 6 months ago
( u! [T RN u! ool u! [ ET u! 1 i run_example Updated calculusType name. 6 months ago
0 1 2 3
10 10 10 10

) LET (keV/um) ..
Courtesy of A. Attili

L. Manganaro, G. Russo, F. Bourhaleb, F. Fausti, S. Giordanengo, V. Monaco, R. Sacchi, A. Vignati, R. Cirio and A. Attili. "Survival": a
simulation toolkit introducing a modular approach for radiobiological evaluations in ion beam therapy. Physics in Medicine and Biology 63(8),
O08NTO1 (2018). https://doi.org/10.1088/1361-6560/aab697
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Any questions?
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Total
LET D LET.T
3.96071 1.1071
421183 1.10825
3.81923 1.10757

| 434534 3.59764
4 53852 3.59811
420832 3.58846
215355 14.5043
21.6533 14.7085
21.7559 14.8026

Primary
LET D LET T
1.09802 1.09273
1.09657 1.09272
1.10209 1.09275
3.84226 3.58081
3.84059 3.57855
3.84168 3.5804
21.5093 14,5885
21.6329 14.7033
21.7551 14.8025

ICRU
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1.097

1.097

3.526

3.526
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13.77

13.77

13.77
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