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RDH/IRPT “TPS” Research Activities

/-) IRPT (Innovative Radio- and Particle-Therapy)
INEN RDH (Research and Development in Hadrontherapy)
L/' - nATT (nano Amplified Targeted Therapy)

- RIDOS (Real-Time lon Dose Planning and Delivery System)

1. Innovative treatment planning systems for ion beam therapy

Radiobiological Modeling

Treatment simulations and clinical analysis

I

(on-line) dose reconstruction and adaptive radiotherapy with ion beams



“TPS” Research Activities - Updates

e Nell'ultimo periodo ci siamo occupati soprattutto di finalizzare e a sottomettere
articoli dei risultati ottenuti (1 articolo & stato gia accettato, 3 sono stati
sottomessi e sono in revisione, un'altro lo stiamo per sottomettere, vedi
penultima slide).

e Alcune delle attivita "TPS" di RDH/IRPT, in particolare la modellizzazione
dell'lOER e degli effetti temporali e I'implementazione di approcci adattativi al
TPS continueranno in MOVIT e nella collaborazione eventuale con Paganetti
nel progetto di ricerca associato allo stage di L. Manganaro (PhD) a MGH.



Some highlights of RDH/IRPT deliveries, potentially relevant for next research
projects related to TPS in INFN (MOVIT):

e Developed tools: PlanKit/R-planit & “Survival”
e Methods to account to uncertainties in TPS.

e Implementation of irradiation with different ions and study of ion type
optimality in treatments.

e Clinical data-driven RBE modelization feasibility studies.
e OER modeling and TPS implementation for hypoxia.

e MKM based model (MCt-MKM) accounting for stochastic spatio-temporal and
dose-LET correlations and its implementation in TPS.



“PlanKIT”: TPS kernel for lon Beam Therapy

e Planning Kernel for lon Therapy.
e Original TPS kernel (12-2012)
developed in a collaboration
INFN/IBA (lon Beam Application,
BE).
e Clinical validation performed at
CNAO. &
e Innovative aspects:
o Multi-lon (H, He, Li, C, O, ...)
o Radiobiological models:
LEM/MKM, etc...
o Simultaneous evaluations of
different quantities: dose, RBE,
LET, RWD, cell survival, etc...
e EU Patent pending (INFN/IBA/I-See)
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“Reproducible research” - Developed and published tools

e Open source codes

o Survival: Implementation of radiobiological models (LEM, MKM & variations) to
predict the cell survival after irradiation with ion beams.
(https://qithub.com/batuff/Survival)

o R-Planit: A collection of methods and procedures to perform simulations and analysis
related to radiotherapy treatment planning with ion beams. It includes a set of
radiobiological evaluations and display possibilities
(https://github.com/planit-group/Rplanit.) It uses:

e p-DEK and Gate/Geant4 for TPS evaluations,
e Survival for radiobiological evaluations

e Compiled codes

o p-DEK: (“pure” Dose Engine Kernel) TPS for ion beam therapy with active scanning
(fork of PlanKIT, Planning Kernel for lon Therapy, property of IBA/INFN).


https://github.com/batuff/Survival
https://github.com/planit-group/Rplanit

R-Planit. programmable TPS computing platform

e Based on “R” language
e TPS simulations (via “p-DEK”, fork of

RStudio "
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e Github & tutorials —
(github.com/planit-group/Rplanit)


http://github.com/planit-group/Rplanit

Probabilistic approach to evaluate the impact of

uncertainties/errors
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Clinical data-driven RBE evaluation & model training
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Therapeutic index vs. ion type
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MCt-MKM: Stochastic Microdosimetric Kinetic Model

Acute irradiation 0167 Split dose experiment (HSG)
HSG HSG
| e Complete
3- on : .
“‘ﬁ‘é' MK i mpee lgnc ] repair
—McC- ~He — MC-MKM
- Ne 0.20+ - MKM :zg 0.12- J J
s 2] ~0.15 [
A A y
%) % s | -1
\8’ Split—.dose : =010 s (?J A=2.66 h
14 experiment 0.08 -
G Split-dose |« - Run1
) experiment - Run2
01, ; £ = gl : i ol 0.007 | TR i ik ST ~ Run3
10 107 10° 10 102 10° 0.04- Ac'ut(.i‘
LET (keV/um) LET (keV/um) irradiation
0.0 25 5.0 7.5

Time spacing (hours)
data from Furusawa et al (2000) and Inaniwa et al. (2013)



ictions

Protracted irradiation effects pred

Brain tumor case -
via MCt-MKM

10 min)

w
[aa]
o
<
32

(AT




Oxygen Enhancement Ratio (OER) modeling for ion therapy

e Implementation of a MKM-based LET and particle type

different ions over tumor control in
presence of hypoxia.

LET (keV/um)

data from Furusawa et al (2000)
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Oxygen Enhancement Ratio (OER) modeling for ion therapy
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Tumor control with different ions in presence of hypoxia

(brain tumor case)
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The treatment plans were optimized
assuming a normoxic condition for the
tumor (HSG cells).

An uniform oxygen partial pressure was
then assumed in the HTV.

An “equivalent dose” isoeffective to the
normoxic conditions was used to evaluate
TCP curves in presence of hypoxia.

RBE.h(D,p) = RBE(D) / OER(D,p)
D.eq = D x RBE.h(D,p)

Where RBE is evaluated in reference
normoxic conditions (p = 30 mmHg).



Simulation of breast tumor treatment in presence of

targeted gold nanoparticle (GNP)
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!_' “diffusion”
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Therapeutic index vs. GNP concentration

Breast cancer radiotherapy with GNP
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Relevant papers in RDH/IRPT
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