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Introduction: Boron Neutron Capture Therapy (BNCT) is a treatment modality that combines high 
and low LET radiations to inactive tumor cells [1]. Since these radiations produce different levels of
biological damage, the assessment of the clinical performance of a BNCT beam requires the 
evaluation of radiobiological figures of merit (FOM) capable of estimating the expected success of 
a radiation treatment. Primary free-beam in-air physical quantities describing the incident beam 
intensity and quality proved suitable to guarantee adequate and safe BNCT beams [2]. However, 
their usefulness to assess the therapeutic potential of a beam (i.e., the ability of the beam to control 
a tumor without unacceptable complications) and the versatility (i.e., the variety of scenarios for 
which the therapeutic potential is acceptable), is limited. This work presents the development and 
innovative use of probability models to evaluate and compare the aforementioned characteristics 
referred to as the beam performance.

Materials and Methods: A model of uncomplicated tumor control (UTCP) that describes the 
probability for controlling a HN tumor without severe complications in the mucosal membrane was 
introduced for the first time in BNCT. The proposed UTCP combines the expression of the tumor 
control probability (TCP) for non-uniform doses, and a normal tissue complication probability 
(NTCP) model able to predict mucositis grade 3 or higher after a BNCT treatment [3]. A systematic 
study comprising a simplified HN cancer model is presented as a practical application of the 
introduced FOMs for assessing and comparing the performance of different beams. The UTCP was 
calculated for the clinical beams RA-6 B2 and FiR1 of the Argentine and Finnish reactors, 
respectively, and for two the realistic epithermal beam designs, the RA-6 B3 and RFQ, based on 
modifications of the actual BNCT facility in Argentina, and on the proton Radiofrequency 
Quadrupole accelerator manufactured by INFN in Italy. Different applications of the introduced 



FOMs considering real HN cancer patients treated in Finland were analysed. Results were discussed
in the light of physical characteristics of the studied beams and treatment outcomes.

Results: The maximum value of the UTCP proved to be a suitable and a sensitive FOM to assess the
performance of a beam revealing particularities of the studied sources that the standard FOMs do 
not reveal. The systematic study showed to be an adequate procedure to evaluate and compare the 
performances of different BNCT beams regardless the energy spectra.

Conclusions: Current developments of probability models for other targets guarantee the 
applicability of the proposed procedures to other treatments of interest in BNCT. The UTCP 
evaluated for real cases of patients showed to be useful tools both for retrospective analysis of the 
BNCT treatments carried out with existing facilities, and for prospective studies of feasibility and 
beam optimization. Clinical trials of HN cancer treatments with accelerator-based BNCT in Japan, 
Taiwan and Finland are ongoing or about to start. The presented developments along with the 
proposed aplications would be a practical and useful aid to guide treatment decisions.
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