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The p-B fusion reaction

Neutronless fusion reactions

Two resonance at about 100 keV and 600 keV in
p+ 11B - a,+8Be * +5.65 MeV - a; + a;,+a, the system center of mass

p+ 11B - a,+8Be + 8.59 MeV - ay + ag;+ay;

It is not favourite in thermal equilibrium
a0t conditions
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Long collaboration on the "Boron” studies

Collaboration with ENEA (I), FBK (l), ELI Beamlines (CZ) Patent n.E16002 and n.EP16178280, INFN-LNS (Italy), FBK
(Italy) and ELI-Beamlines (Czech Republic)
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Activity on the study of the proton-Boron reaction in plasma
Boron-Proton Nuclear-Fusion Enhancement Induced in Boron-Doped
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Back to 2015

AIP |2 W

Application of proton boron fusion reaction to radiation therapy: A Monte Carlo

simulation study
Do-Kun Yoon, Joo-Young Jung, and Tae Suk Suh

Applied Physics
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L. Giuffrida et al., “Prompt gamma ray diagnostics and enhanced hadron-
therapy using neutron-free nuclear reactions’, AIP Advances (2016)

G. Petringa et al, "Prompt gamma-ray emission for future imaging
applications in proton-boron fusion therapy”, Journal of Instrumentation
12(03):C03059-C03059, (2017)



Hadrontherapy: treatments with H and 12C
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Paganetti H, “Proton Beam Therapy”, IOP Publication 2017
Technical Reports Series n.461 (IAEA2008)

Proton therapy relies on the inverted dose-depth
profile of charged particles, though its low LET
limits radiobiological benefits over conventional
radiotherapy, while 12C ion beams provide
higher RBE for treating radioresistant tumors but
are challenged by dose deposition beyond the
SOBP and high costs
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First experimental results (2018

SCIENTIFIC REPLIRTS

Article | OPEN Published: 18 January 2018

First experimental proof of Proton Boron
Capture Therapy (PBCT) to enhance
protontherapy effectiveness

G.A.P. Cirrone™, L. Manti, D. Margarone, G. Petringa, L. Giuffrida, A. Minopoli, A. Picciotto, G. Russo,
F. Cammarata, P. Pisciotta, F. M. Perozziello, F. Romano, V. Marchese, G. Milluzzo, V. Scuderi, G.

Cuttone & G. Korn

Scientific Reports 8, Article number: 1141 (2018) =~ Download Citation

w ~ ~
% 014 % SeT~ i
~
® Xrays \g\ b
®  Protons no NSH e
V  Protons 40 ppm B
4 Protons 80 ppm '8 DMFy=1.46 +0.12
0.01 T T T T
0 1 2 3 4

Dose (Gy)

Depth [mm)

DMF+0 (RBE10)= 1.46 £0.12

|a(Gy ) B(Gy )

X ray irradiation

Proton irradiation with 40 ppm ''B

Proton irradiation with 80 ppm ''B

0.222 £0.062 0.064+0.014
Proton irradiation in the absence of BSH ' 0.3144+0.022 0.035+0.007
1 0.614£0.069 -

[ 0.705+0.033 —

Complex aberrations per cell

Complex type chromosomal
aberrations

03s
0304 [

-y

_—No BSH
0254 @ 40ppm '8

= soppm '8
0204
015
010
005 { i D
000 4 — Hj_]

[ 05 2 K

Dose (Gy)



Eur. Phys. J. Plug (2019) }34: 361
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On the (un)effectiveness of proton boron capture in proton
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arXiv

on Proton Therapy.»

GAP Cirrone, PhD - pablo.cirroi.. _

«While the experimental evidences of an effect of BSH on the cell survival probability is mostly clear (although it does
not seem to scale with the BSH concentration), the statement that such effect could be related to the p + 11B reactions
is mostly speculative. In particular, the article does not report calculations of the reaction rate nor simulations of the

dose related to this reaction to support with solid arguments the claim of an important effect of Proton Boron Capture
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STUDY OF THE DISCREPANCY BETWEEN ANALYTICAL CALCULATIONS AND THE OBSERVED
BIOLOGICAL EFFECTIVENESS IN PROTON BORON CAPTURE THERAPY (PBCT)
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“Prompt gamma ray diagnostics and enhanced hadron-therapy using

neutron-free nuclear reactions’, AIP Advances (2016)
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Case study

The total number of alpha particles generated and
estimated on the basis of the well-known total
production cross-section of the p-B reaction, does not
explain the experimental results in terms of an average
LET increase and, hence, with a corresponding RBE
enhancement. On the other hand, if -classical
radiobiological models are applied, in order to reach
the observed DMF values, one would require a number
of alpha particles larger by a factor of 105 with respect
to the calculated yield.




National and International initiatives

N to better understand the observed biological effect
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Radiobiological studies to support the observed eftect

IR A large number of radiobiological studies have been conducted.
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Approximately ten
biological endpoints
were investigated
through both in vitro
and in vivo studies,
using various cell lines

(both  healthy and
tumor cells).



Radiobiological studies to support the observed eftect

A large number of radiobiological studies have been conducted.

» Front Oncol. 2021 Jun 28;11:682647. doi: 10.3389/fonc.2021.682647 #

The Proton-Boron Reaction Increases the Radiobiological Effectiveness of
Clinical Low- and High-Energy Proton Beams: Novel Experimental
Evidence and Perspectives
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Radiobiological studies to support the observed eftect

Evidence on bystander effect
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Radiobiological studies to support the observed eftect
LN [n-vivo studies
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Studies on the quantification of boron internalization

BPA was identified as best molecula in terms of
toxicity and 11B concentration

Physica Medica 94 (2022) 75-84

Contents lists available at ScienceDirect

Physica Medica

ELSEVIER journal homepage: www.elsevier.com/locate/ejmp

Neutron autoradiography ..

- .

Check for

Multimodal evaluation of !°F-BPA internalization in pancreatic cancer cells %
for boron capture and proton therapy potential applications

Andrea Ciardiello »“, Saverio Altieri >, Francesca Ballarini ™, Valerio Bocci,

Silva Bortolussi ™, Laura Cansolino “°, Daniele Carlotti **', Mario Ciocca “*%, Riccardo Faccini “,
Angelica Facoetti %, Cinzia Ferrari ©°, Luca Ficcadenti , Emiliano Furfaro?, Stefano Giagu *°,
Francesco Iacoangeli °, Giampiero Macioce , Carlo Mancini-Terracciano ', Andrea Messina ™,
Luisa Milazzo', Severina Pacifico ™', Simona Piccolella ™, Ian Postuma ¢, Dante Rotili’,
Valerio Vercesi, Cecilia Voena ", Francesca Vulcano ', Silvia Capuani "

3 techniques:

1) Neutron autoradiography, used to quantify boron Cell lines
2) Liquid chromatography coupled with tandem mass

spectrometry and UV-Diode Array Detection, for PANC-1 BPA
quantifying the 119F-BPA molecule DU-145 F-BPA
3) 19F NMR spectroscopy, used to detect fluorine MCF-10 ;

nuclei



A complex prediction study was carried on
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Microdosimetric studies to quantify the alpha

Four microdosimetric detectors
coupled with boron targets were
utilized to measure the alpha
particles produced in a clinical
configuration
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Do-Kun Yoon, Joo-Young Jung, Tae Suk Suh;
Application of proton boron fusion reaction to radiation therapy: A Monte Carlo

simulation study.
Appl. Phys. Lett. 1 December 2014; 105 (22): 223507 . https://doi.org/10.1063/1.4903345

P.Kundraat, K.P.Brabcova et al,

BORON-ENHANCED BIOLOGICAL EFFECTIVENESS OF PROTON IRRADIATION:
STRATEGY TO ASSESS THE UNDERPINNING MECHANISM

Radiat Prot Dosimetry, 2022 Aug 22;198(9-11):527-531. doi: 10.1093/rpd/ncac093

A.J.Michaelidesova, P.Kundrat et al.
First independent validation of the proton-boron capture therapy concept
Sci Rep. 2024 Aug 20;14(1):19264. doi: 10.1038/s41598-024-69370-y.

M Nuez-Martinez et al.
Boron clusters (ferrablsdlcarbolhdes) shapmg the future as radiosensitizers for

multime " ' ' omTmTT
J. Mater We believe that the relative biological eﬁ”ecttveness (RBE) weighted

doses by attributing maximum potential RBEs to the dose of alphas would be
M. Shah incapable of explaining the significance of the biological effect observed in PBFT,
On the  therefore more investigations would be needed in this regard

Scientific Reports volume 12 Article niimher: 18098 (2029)

The fraction of deposited energy from alpha particles compared to
incident protons is not entirely negligible, despite the previously

scientific repo reported results

W) Check for updates
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M) Check for updates Boron clusters (ferrabisdicarbollides) shap
the future as radiosensitizers for multimoda
(chemo/radio/PBFR) therapy of glioblastomas

Cite this: DOI: 10 1039/d2t501818g
Miquel Nuez-Martinez,® Maria Queralt-Martin, ©° Amanda Mufioz-Juan,
Vicente M. Aguilella, &° Anna Laromaine, ©° Francesc Teixidor, °
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Glioblastoma multiforme (GBM) is the most common and fatal primary brain tumor, and is highly
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The results obtained for the cellular damage suggest that proton boron fusion
radiation therapy, when combined with boron-rich compounds, is a promising

modality to fight against resistant tumors. I

of the proton-boron capture
therapy concept
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Comments/conclusions

The effect of the p-B fusion reaction on biological samples, both in vitro and in vivo, is
evident: a significant and quantifiable biological impact has been observed, assessed across
multiple biological endpoints, cell lines, and experimental models.

This biological effect has proven reproducible, with several radiobiological experiments
conducted by different research groups yielding consistent findings.

It has become clear that the observed biological impact is not merely a consequence of the
alpha particles produced but is instead related to how these alphas interact at the cellular
level.

The bystander effect is distinctly associated with an increased Dose Modification Factor (DMF).

The in-vivo biological effect is exceptionally promising, as evidenced by a publication in Nature
Communications. These results strongly support further studies and potential clinical trials.
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