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Neutronless fusion reactions

Two resonance at about 100 keV and 600 keV in 
the system center of mass

It is not favourite in thermal equilibrium
conditions

It is considered as a potential candidate in inertial 
fusion scheme

Reagents more abundant in nature with respect 
to other fusion reactions of interest, and easier to 
handle (with respect to tritium, for example)

Interest for astrophysical processes

Interest for the realisation of intense 𝛼 sources for 
applications

The p-B fusion reaction
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M. C. Spraker et al, “The 
11B(p,a)8Be => a + a and the 
11B(a,a)11B Reactions at Energies 
Below 5.4 MeV”, J Fusion Energy 
(2012)

H.W. Becker, “Low-Energy Cross 
Sections for 11B(p, 3a)*”,
Z. Phys. A - Atomic Nuclei 327, 
341-355 (1987)



Activity on the study of the proton-Boron reaction in plasma

Long collaboration on the “Boron” studies
3 Collaboration with ENEA (I), FBK (I), ELI Beamlines (CZ)

CLPU

Patent n.E16002 and n.EP16178280, INFN-LNS (Italy), FBK 
(Italy) and ELI-Beamlines (Czech Republic)



Back to 2015
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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)

Errors in the 
interpretation of 

Korean 
colleagues were 

immediately 
evident



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

Carbon ions

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

Proton-Boron Capture Therapy



First experimental results (2018)
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Complex type chromosomal
aberrations



GAP Cirrone, PhD - pablo.cirrone@lns.infn.it
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«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
on Proton Therapy.»
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G. Petringa and G.A.P. Cirrone, «The proton-Boron fusion therapy: a new clinical treatment
and a powerful online imaging technique»

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



National and International initiatives
8 to better understand the observed biological effect

Dr Pavel Blaha, INFN Naples Section



9 A large number of radiobiological studies have been conducted.

Radiobiological studies to support the observed effect

Facility Cell line Carrier & 
11B concentration Position DMF10

CNAO DU-145 BPA-120 ppm Mid-SOBP 1.10 ± 0.10
CNAO DU-145 F-BPA-120 ppm Mid-SOBP 1.35 ± 0.13
CNAO DU-145 BPA-120 ppm Distal 1.28 ± 0.16
CNAO DU-145 F-BPA-120 ppm Distal 1.56 ± 0.11
CIRCE DU-145 F-BPA-120 ppm Pristine (∼700 keV) 1.58 ± 0.11
CIRCE DU-145 F-BPA-120 ppm Pristine (∼ 2 MeV) 1.94 ± 0.18
CNAO PANC-1 BPA-120 ppm Mid-SOBP 1.15 ± 0.13
CNAO PANC-1 F-BPA-120 ppm Mid-SOBP 1.22 ± 0.18
CNAO PANC-1 BPA-120 ppm Distal 1.32 ± 0.18
CNAO PANC-1 F-BPA-120 ppm Distal 1.47 ± 0.11

CIRCE PANC-1 F-BPA-120 ppm Pristine (∼700 keV) 1.51 ± 0.14

CIRCE PANC-1 F-BPA-120 ppm Pristine (∼ 2 MeV) 1.80 ± 0.19
CIRCE DU-145 BSH-80 ppm Pristine (∼700 keV) 1.85 ± 0.19
CIRCE PANC-1 BSH-80 ppm Pristine (∼700 keV) 1.56 ± 0.08

More than 15 experimental shifts were conducted at the CATANA facility (in-vitro and in-vivo irradiations)

Approximately ten
biological endpoints
were investigated
through both in vitro
and in vivo studies,
using various cell lines
(both healthy and
tumor cells).



10 A large number of radiobiological studies have been conducted.

DU 145 a (Gy-1) DMF10

NO BSH 0.52 ± 0.03
BSH 0.96 ± 0.08 1.85±0.19

PANC-1 a (Gy-1) DMF10

NO BSH 0.212± 0.006
BSH 0.330± 0.012 1.56±0.08

DMF increases with position along the SOBP (CNAO,I)

Radiobiological studies to support the observed effect



11 Evidence on bystander effect

Radiobiological studies to support the observed effect
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12 In-vivo studies

Radiobiological studies to support the observed effect

Multimodal imaging techniques and Radiomics



Studies on the quantification of boron internalization
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3 techniques:
1) Neutron autoradiography, used to quantify boron
2) Liquid chromatography coupled with tandem mass 
spectrometry and UV-Diode Array Detection, for 
quantifying the 119F-BPA molecule
3) 19F NMR spectroscopy, used to detect fluorine 
nuclei

Histology of pancreas

tumor

Neutron autoradiography

Cell lines Molecula

PANC-1
DU-145
MCF-10

BPA
F-BPA

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



A complex prediction study was carried on
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The experimentally
observed DMF could only
be replicated by 
introducing a factor of 
10^5 of generated
fragments /alpha 
particles



Microdosimetric studies to quantify the alpha
15

Four microdosimetric detectors 
coupled with boron targets were

utilized to measure the alpha 
particles produced in a clinical 

configuration

Silicon detector TEPC

Silicon telescope detector
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Boron clusters (ferrabisdicarbollides) shaping the future as radiosensitizers for 
multimodal (chemo/radio/PBFR) therapy of glioblastoma
J. Mater. Chem. B, 2022,10, 9794-9815

M. Shahmohammadi Beni et al. 
On the effectiveness of proton boron fusion therapy (PBFT) at cellular level
Scientific Reports volume 12, Article number: 18098 (2022)

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

We believe that the relative biological effectiveness (RBE) weighted
doses by attributing maximum potential RBEs to the dose of alphas would be 
incapable of explaining the significance of the biological effect observed in PBFT, 
therefore more investigations would be needed in this regard

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.

p11B publication in m
edical 

applications

https://doi.org/10.1063/1.4903345
https://www.nature.com/srep
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Long standing collaboration beyond the clinical applications
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F Consoli (ENEA) and GAP Cirrone INFN, 
Italian representatives and spokespersons



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.

Comments/conclusions
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Thanks for listening


