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FRAMEWORK

Alzheimer disease (AD) 55 million affected today (2019 evaluation)
neurodegenerative dementia up to 139 million by 2050
(affecting the central nervous

system & leading to cell death) No cure to this day ...

BUT : eradication of amyloids (AP aggregates) associated

with reduction of cognitive & functional decline

NECTAR = NEutron Capture-enhanced Treatment of neurotoxic Amyloid aggRegates

Bl FET ©  1ins/sfisica.unipv.ittNECTAR-EU-FETOpen
4orizon2020

Curative treatment based on neutron capture therapy targeting AD A aggregates

1) World Health Organization figures from World Alzheimer report 2022
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https://fisica.unipv.it/NECTAR-EU-FETOpen

THE NECTAR PROJECT
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THE NECTAR PROJECT
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THE NECTAR PROJECT ®
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THE NECTAR PROJECT
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THE NECTAR PROJECT

Af oligomer (nm)

157Gd
NEUTRON
SOURCE

1OB
HighLET&Iowrange ] el R i T S

Auger electron + X rays

Microglia cell
Brad+n — Internal conversion electron

158Gd + y + 7.9 MeV

¥
e (178 MeV) + TLi (101MeV)

IOB +ﬂth — [llB*] =

B, 4 He (LATMeV) + TLi (0.84MeV) + 1(480keV') & 7 plague (um)

(2) Cuttler et al Dose Response 14.2 (2016) 1559325816640073.
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Main goals :
« Synthetize a Gd/B enriched molecule able to bind selectively with Ap aggregates inside the
brain

 In vitro depolymerization of the Ap folded structures (from oligomers to plaque) with high
LET particles irradiation

* micro- & nano-dosimetric calculations & measurements to understand the
depolymerization process

* Invitro & in vivo irradiation of AD biological models to obtain a proof of concept for the
developed Gd/B carrier

 ldentifying dose limits (threshold & rate) to define the frame of a treatment plan

IRSHN
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MONTE CARLO MODELLING IN NECTAR

Main Goal : modelling high LET secondaries effects
» Fully characterize the production of the secondaries

» Determine the dosimetric impact
» Secondaries characterization (specific energy, lineal energy)
» Energy deposit at nm scale

» Consider various experimental condition (boron
concentration, target size, neutron source...) — to validate
the simulation approach & to perform the correlation with
biological effects on the target

& GEANT4 & GEANT4-DNA

A SIMULATION 'I'ODI.KIT il SIMULATION TOOLKIT
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Source :
Neutron flux of the Pavia TRIGA Mark |1

research reactor i ' | | | BT TR
107 MNeutron component
Target : plague aggregate Wy
100 pm radius sphere filled with water (inside 00
water world) A
o 10 & - s
; Rl G T T AN 5
Boron concentration : 07} -
10
100 ppm ( B) 10%L
Characteristic quantity : o
energy deposit per neutron source & unit mass 10°}
inside the target 107 0° 107 107 107 1072 107 107 107

Energy [MeV1]

From : V. Pascali - Monte Carlo simulations ranging from microscopic up to macroscopic
level for the irradiation of protein aggregates exploiting neutron capture reactions - 2021
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FROM ENERGY DEPOSIT TO SPECIFIC ENERGY |z = € (energy deposit) / m (target mass)]

ENERGY DEPOSIT (keV) SPECIFIC ENERGY (Gy)
Per neutron source Per neutron source
htemp hiemp
Entries 4290774 Entries 4290774
Mean 15.72 Mean 4.626e-07
Std Dev 190.3 Std Dev  5.599e-06
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FROM ENERGY DEPOSIT TO SPECIFIC ENERGY |z = € (energy deposit) / m (target mass)]

ENERGY DEPOSIT (keV) SPECIFIC ENERGY (Gy)
Per neutron source Per neutron source
hiemp hiemp
Entries 4290774 Entries 4290774
Mean 15.72 Mean  4.626e 07
10° Std Dev 190.3 Std Dev_ 5.599¢-06
10° Q=231 MeV
Q
10* 2
\‘ Q=2.79 MeV /
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0 1000 2000 3000 4000 5000 6000 0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18
Q=2.79 MeV keV Gy
e (1.78MeV') + TLi(1.01MeV)
OB+ — [MBx] 1 Two peaks corresponding to a high energy deposit
%, "He (1ATMeV) + "Li (0.84MeV) + ~(480keV) from 1°B(n,a)"Li

Y
Q=2.31MeV
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MONOENERGETIC BEAMS - 10 eV NEUTRONS

| Neutron source @ 10 eV Specific energy —
Entries 3846725
. Mean 5.507e-08
| Population below Q = 2.31MeV peak :  10° SDev 1943 06
a particles & “Li that are exiting the ol
target ;
10" H Q=2.31 MeV
" Very low Gy bin : neutron elastic
scattering on hydrogen or oxygen in Q=2.79 MeV
water '
[ |ﬁ (| X‘O-s
0.08 0.09
Gy
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SPECIFIC ENERGY AS FUNCTION OF THE INITIAL NEUTRON ENERGY

10 eV 1 keV 100 keV
Specific energy Specific energy S Specific energy
E Entries 3846725 = Entries 3819677 Enties 2552041
Mean 5.507e-08 0. Mean 1.897e-08 | 1o il |z
10° 5 SidDev 1843e-08| '° F |5k Dev_5.031807 | Std Dev_9.158e 07
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1 l<10°* 1’....|....|....Iﬂ..ﬂ.|....|..ﬂ.|ﬂ.ﬂ.|....|...xm“‘ ! T T P I SRS SN B
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! Neutron energy 2 — number of events where all the energy available is not deposit in the target N

! Neutron capture on 1°B is located deeper in the target — o particles & “Li stay in the volume
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[ On going work and following steps

Secondaries discrimination & associated effects on microdosimetric values

Target specification, different size models & boron concentration

Nanodosimetry calculations with GEANT4-DNA < depolymerization process

[ In parallel : work/discussion with experimentalist on the project to obtain validated
& possible experimental conditions

IRSHN
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