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OFEN" First experimental proof of
Proton Boron Capture Therapy
(PBCT) to enhance protontherapy
e effectiveness
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(“

. we exploited the p + "B — 3a reaction to generate high-LET alpha
particles with a clinical proton beam. To maximize the reaction rate, we used
sodium borocaptate (BSH) with natural boron content.

Boron-Neutron Capture Therapy (BNCT) uses 1°B-enriched BSH for neutron
irradiation triggered alpha particles.

We recorded 51gn1f1cantly increased cellular lethallty and chromosome
aberration complexity. .." e
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However....

“The radiobiological data reported in this work suggest that the p + 1'B - 3«
reaction as being responsible for the observed increase in the biological
effectiveness of a clinical proton beam. However desirable, we cannot
currently provide a simple analytical computation able to explain our
results, for instance by correlating the biological effect with the total number
of a-particles that can be expected to be generated under our experimental
conditions.”

Conti di dosimetria non supportano la conclusione che la reazione p + 1B — 3a sia la (sola)
responsabile dell’effetto: data la sezione d’urto di cattura del p sul Boro-11 (~1 barn) e la fluenza di
protoni (dell’ordine di 102 p/cm?), la dose aggiuntiva dovuta alle particelle alfa generate & dell’ordine
di 10”7 Gy, e il numero di particelle alfa generate nella flask & dell’ordine di 100.

Inoltre I'effetto non sembra cambiare significativamente raddoppiando la concentrazione di boro
nella flask.
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“The boron concentration was set at 1.04 mg/g”
However, the concentration used in the Sci. Rep. experiments was ~10-100 times lower (80

ppm = 0.08 mg/q)...



Razionale

* INFN impegnato su diverse attivita legate a radioterapie innovative.

* La possibilita di ottenere un enhancement dell’effetto terapeutico
tramite somministrazione di 1B e irraggiamento protonico potrebbe
avere un impatto nella diffusione della protonterapia (precisione
balistica dei protoni + elevata efficacia biologica delle particelle a)

* E necessario investigare i meccanismi per capire quale/i sia/no la/le
causa/e dell’effetto osservato

* E sfruttabile I'esistente esperienza in ambito BNCT: misura del boro
intracellulare, dosimetria in campo misto, simulazione & modellistica,
radiobiologia.



NEPTUNE

* La call mira a studiare meccanismi di base che permettano di capire
interazione di campi misti a livello cellulare per modellizzare effetti
osservati macroscopici.

* |n questo progetto si mettono a sistema le competenze di molti gruppi che
si dedicano a radioterapia con particelle e a modellizzazione in
radiobiologia.
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Attivita di Pavia— WP2 (Romal, PV, NA)

* misura del boro intracellulare in colture cellulari trattate allo stesso modo che per
irraggiamento con p+ (gli esperimenti fatti finora assumono uguale concentrazione nelle

cellule e nel mezzo di coltura, ma 'esperienza BNCT insegna che non é cosi)

Persannel
Name Title, Institution FTE(%)
Valerio Bocei Primo Tecnologo - INFMN-Aomal 40
Paolo Fresch Assegnista, INFM-Romal 10
Sihvia Capuani Ricercalore, CHR-ISC, INFN-Romal 30
) : Prol, Ordinario, Sapienza, INFM-
th“lﬂl‘ﬂt Riccardo Faccini BOmal 20
Manth mm Sergio Frasca m;ﬁgﬁ;amlm' Sapienza - 4,
. Measuremant of concentrations of borated and fuoninated compounds in Stetano Giagu Piolessare Associalo, Saplenza-  4g
T ir-wilng |E.‘I-t.‘i, Via nEulron Mtﬂ'ﬂmgrﬂ{.‘lhﬁl and LC-HRETS Andree Messi Ricercatore, Sapianza - INFN- 5
| Mz.1.2 528 Ex-viva test on mice madeds T et
M223 1-12 krplamentation af SDR fndrea Mostacd INFN-Roma m
. i - Ricercalore, Sapienza - INFM-
| M2.2.2 1.16 Raad cut optimization Dants Rotl Roma1 0
| M2.23 13-32 Design of oplimized antenna Alessio Sarti Prolessare Associalo, Saplenza-  4g
231 1736 Data ﬂnwﬁiﬁ Michala Marafini Ricercatore, Cantro Fermi, INFN-
| Romal
mu 5-28 Multivariate H“El!.'E-IE- Marco Vignati Primo Ricercatore, INFM-Romat 20
Cacilla Voaen " = 20
Dl rvérab g Eavia Bortolussi :Limrmmm (RTDb), UNIPV, INFN-
Month Description Saverio Altieri Prof. Associato, UNIPV e INFN-PV 10
Establishment of a procedure for the measwament of the concentration I, S ) LL
b2y 1-16 L Nicoletta Prott Assegnista, INFN-PV 10
_ of borated and Muorinated compound in in-wtro 18sts {18Maoniths) = i Tecnico (EF) UNIPY
022 1-38 Optimization of sensitivity of 19-F MR| by means of hardware and Severna Pacifico e reatore RIA, INFN- )
saltwiarng Frgrovements cimona Precolalla Flowrcaiore UNICAMPANIA, INFIV- |,
Framcesca Wulcano Ricancatora, IS5 INFM-Romal 30
Luisa Milazzo Ricercatore, IS5 INFN-Roma‘ 30
Gilampdero Macloce Tecnico - 155, INFM-Roman 30




Attivita di Pavia - WP4 (NA, LNS, PV

* Confronto tra gli effetti di BNCT e quelli di p+''B su linee cellulari, a parita di
dose assorbita per chiarire i meccanismi

Personnel
Milestones Mame Title, Institution FTE(%:)
M4 12“ Task 4.1 Radiobialogical hDTI'_:': af PAMC=1 and B calls oreneo et :f{mm e TR ”
1 r rn {[uin] v i
. ! Mariaaabriella Pugliese  PT01€SS0re Associato, UNINA, INFN- .
M2 18 Task 4.2 Irradiatons along high-enengy proton SOBPs. Sudies of 9 g 1Y
ROS, repair pathways and Clustensd Lesions (CL) signalures Specializzanda in Fisica Medica
i Fool UNINA, INFN-NA I
Task 4.3 & 4.4 Praliminary irradiations with low-gnargy ! a
Ma3 24 manochromatic proton beams and medium-transfer exparimeant to Vialario Ricciarndi Dottorando, UNICAMPANIA, INFN-
assess bystander eflecls MA
iR ABEn . . Sewverina Pacilico AU, UMICAKMPANIA, INFN-MA 10
4184 rroboration of data from experiments along | : ICAMPA EN-
M44 30 S0B8F and monoenergetic proton bearms. Relatonship with sn_mqna L S REE Sy L
modeling results (WP 1) Giusi Imma Forte Aicercatore IBFM-CNR, INFMN-LNS 40
Luigi Minaira Ricercalore IBFM-CNR, INFM-LNS 30
Task 4.3 & Task 4.4 Corroboration of data on bystander afect and Francesco Paala
M45 35 CL-glicited responses (ROS, repair pathways, focl, micronuched, Ca ta Ricercatore IBFM-CHNR, INFN-LNS 50
chromasome aberrations. senescence). Relationship with micro LU L
nana dosimatry results (WIP3) Valentina Bravata CTER IBFM-CMR INFM-LMNS 30
Glorgio Ausso Ricercaiore, IBFM-CNA, INFN-LNS 30
Pietro Pisciotta Dottoranda, UNICT, INFN-LMS 80
Deliverables E// |
avario Aliier ;mgssam Associato, LINI
Lomaboration of proton biological anhancement by p-B in Ricercatore (RTDbL), UNIPY-INFN-
- previously tested cell systams (MGF-10 and DU145 cells) Silva Bortolussi By 10
" "’*""E‘i"':: esuls g:;c"";mn;”;z‘“ o P“T:":!n“*"'" sRectveness Nicoletta Protti Borsista, INFN-PV 10
grﬁ:ﬂnﬁall:?nsf?‘mﬂl‘? * e, Tasing sme shuma Assegrista, INFN-PV
Results on high-LET radiation induced CL as effector of proton Cinzia Ferrari " 10
D43 24 biclpgical enhancement by p-B and p-F reactions. Cell surival s Professore Ordinario, UMICT, INFN-
studies with BNCT Agata Scordina LNS =0
Confirmation of muclear reaction-driven enhancement of proton Raosaria Grasso Ricercatore, UMICT, INFM-LNS &0
biclogical effectiveness and identification of associated spacific CL o o A -
D44 36 biomarkers. Ehscidation al the underying biophysical processes Franco Muesumec EI:-IE iz bato, UNICT, INFH 50
and role of bystander eflect . -
Filippo Torrisi Dottorando, UNICT, LNS-INFMN =0




Attivita di Pavia - WP1 (Roma3, LNS, PV, TIFPA

* modellizzazione teorica/computazionale dell’effetto

Francesca Ballamni

Siva Bortolussi

W Assagnista,

Prolessore Associato, UNIPY - INFM

PV
RTDb, UNIPV - INFN PV

Personnel
MName Title, Institution
Andrea Attili Ricercatore, INFMN-RM3 40
Pablo Cirrone Ricercatore, INFM-LNS 10
Giada Petringa Dotioranda, IMFM-LMS 30

a0
10

Milestones
Maonth Description
M1l 612 Integration of the simulated spactra evaluated in M1.1 in the MEM
Inclusion af the bystander effect in the simulalions developed in
R 1524 D1.1 and M1.1
Comparison between simulation data D1.1 and exparimantal data
M1.3 24-30 taken by WP2. Inclusion of the experimantal data {cell survival) in
the radiobiological simulations
Comparison between simulation data D1.1 and exparimental data
M1.4 24-30 taken by WP2. Inclusion of the experimental dala {cell survival)
taken by WP4
E:nmparisn:rn betwaan simulation data D1.1 and exparimeantal data
M1.5 30-36 taken by WE2. Inclusion of the experimental data (ROS
production) laken by WP4
Comparison bebween simulation data (D1.1, M1.3, D1.2 and
Mi1E 30-38 M1.5) and experimental data taken by WPZ2. Inclusion of the
exparimental data {cell survival, DSB,CA foci) taken by WP4
Comparison batween simulalion data M1.3 and experimantal data
M1.T 30-36 taken by WP2. Inclusion of the exparimental data {cell survival,
DSB8, CA, foci) laken by WP4
Dealiverables
Maonth Description
D1.1 16 implementation of MC simulations (Geand) for p+11B and p+19F
. nuclear reaction specira generated in the experimental setup
01.2 12-18 Implamentation of Geant4-DMA and TRAX-CHEM simulations
starting from the specira oblained in (1.a)




Anagrafica PV 2019

e Silva Bortolussi, RTDb 30%
e Saverio Altieri, PA 10%
* lan Postuma, assegnista INFN 20%
* Nicoletta Protti, borsista INFN 10%

* Cinzia Ferrari, tecnico UniPV 20%
* Francesca Ballarini, PA 30%
* \Valerio Vercesi 10%

 TOT FTE 1.3



Richieste PV per il triennio 2019-2021
= per il 2019 si puo assumere il totale/3

e Consumabili (colture cellulari, misura boro) 21.0 kEuro
* Collaboration meetings 3.0 kEuro
* Partecipazioni congressi 1.5 kEuro
* Servizi 19.0 kEuro
 TOTALE 44.5 kEuro

— totale 2019 ~ 15 keuro
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Altri WP - WP3 Microdosimetry (Ml, LNL, LNS, Roma3)

* misura di spettri microdosimetrici lungo il SOBP (alle stesse profondita a cui verranno
posizionate le cellule nel WP4), usando detectors tessuto-equiv (alcuni dei quali gia usati in
passato per BNCT) in presenza o meno di Boro

Milesiones
Month Description
M31 18 Preliminary measurements with silicon telescopes and TEPCs with Personnel
available B converlers N Instituti
M3Z2 1.5 Design of TE plastics containing B-11 and F tor TEPC walls and 1“" FTE(%)
SiC |,'::{:r|‘|l.r|!.-|'|$ . - Stetano Agosteo Professore Ordinario, POLIMI, 30
- . Continuation of praliminary measurements with silicon telescopes INFN-MI
and TEPCs Davide Bortol Assegnista, POLIMI, INFN-MI 30
Comparison beteeen simulation data D1.1 and exparimental data Gigvanni D'angelo Tecnico. POLIMIL INFN-MI Ef)
M34 612 taken by WP2. Inclusion of the experimental data (cell survival) ' "
taken by WP4 Abarto Fazz Professore Associalo, POLIMIL 50
Comparison batwaan Simulation data D1.1 and axparimeantal data INFN-MI
M35 12-24 taken by WP2. Inclusion of the experimental data (ROS Davide Mazzucconi Dotiorando, POLIMI, INFN-MI 30
production) taken by WP4 Claudio Pirovano Tecnico, POLIMI, INFN-MI 50
Comparison between simulation data (D1.1, W13, D1.2 and Andrea Pol Professore Associato, POLIMI 20
M3B 12-24 M1.5) and experimental dala Laken by WP2. Inclusion of the PN o INEN-MI
experimental data (cell survival, DSEB, CATocl) taken by WP4 I Ricercatrice, INFN-LNL a0
M3.T 24-36 Measurements with Si telescopes, SICs with and without F Anna Selva Assegnistia. INFM-LNL 20
M3B 2438 Measurernenls with avalanche conlinement TEPCs with and without Anna Blanchi Dottoranda, INFN-LNL <0
: ” F Pabdo Cirrone Ricercatore, INFM-LNS 10
Giada Pefringa Dotloranda, INFMN-LNS 10
S Delly E"h“n —_— Salvatore Tudisco Ricercatore, INFN-LNS 20
Sebast li A i INFMN-LNS 30
paq 12 Microdosimetric spectra from the measurement at LNS with the 5-:|I-.EII'IE. Pug I'_i' i -
already available deteciors (for WP1 and WP4) Valentina Scuderi Associata, INFN-LNS 30
D32 12.24 Microdosimetric spectra with the avalanche confinement detectors Andrea Attih Ricercatara, INFN-Romad 10
simulating different site sizas (lor WP1)
D33 a0 Microdosimetric spectra and scatier-plots with F loaded comverars




Altri WP — WP5 Coordination of experimental activities (TIFPA, LNS)

e coordinare le misure descritte in WP2/WP3/WP4 assicurando consistenza e
standardizzazione delle metodologie, e fornire assistenza in loco durante le misure

Milestones
Mcnth Description
M5 i-E Derdinition oriteria and guidelines 1o be foliowed during
axpanmental activilies (collabaraion with WP
M52 16 Plandficalion of the axperimantsl activity of the following B months Parsanme|
Mame Tithe. Institution FTE[%)
RTCE - -TIF
M55 13-18 Planificatan o the axperimantal activity of [ha lalowing 6 manihs Chiara La T-E"E-‘E-E - ‘_-HI TRENTO. INFN-TIFPA 20
Marta Rowilusgs Assagnista, TIFPAINFN a0
Giada Petringa Dottoranda, LIMICT, INFN-LNS 10
ME4 2530 Planification of the experimantal activity of tha folioaing & months firilaring Piccialla Eoarcalonn, FBE, INFR-TIFFA a0
Salle Colomb: Daottoranda, UMETRENTO, INFRN- an
TIFF#A
Deeliverables
hanth Description
D51 & Feapam on axpanmarial crieria o ba followed
D52 12 Surnmary report of all expaimental acivilies camied oul by WP2,
’ WP and W4 wishin thi first yaar of activities
DSa =4 Summary raport of all axpanmanial eciwities caned oul by WFZ,
’ W*3 and WP4 within the Sirsl year of aclivilies
DE4 35 Summary rapart of all axpanmantal aclwsities camipd ol by WP2,
) W#3 and WS within the firal yaar of aclivilies




