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Abstract 
 
The aimed of this work consists of evaluating the influence of the dose secondary 
components (thermal neutrons dose, ephitermal neutrons dose, fast neutrons dose and 
photon dose) in treatment planning with BNCT.  MCNP4B Code was used to calculate 
RBE-Gy doses through the irradiation of the modified Snyder head phantom. A reduction 
of the therapeutical gain of monoenergetic neutron beans  was observed in non invasive 
treatments, provoked for the predominance of the fast neutron dose component  in the 
skin, showing that the secondary components of dose can to contribute more for to raise 
the healthy-tissue dose of that in the tumor, reducing the treatment efficiency. 
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1 – Introduction 
  
BNCT is a bimodal technique which is used in treatment brain tumors by artificially 
loading the tumor tissue with 10B-enriched compound and subsequently irradiation 
of brain by epithermal neutron beam. The technique is based on the 10B(n,α)7Li 
nuclear reaction emitting alpha particles and 7Li nuclei with total kinetic energy of  
2.79 MeV, high enough to destroy the tumor cells [1]. Usually this range is no 
larger than 10 µm, which corresponds with the diameter of a single cell. However, 
in reaching the tumor, the epithermal neutrons undergo different nuclear reactions 
with the elements constituting the normal and tumor cells. As a result, the 
absorbed dose in tumor and normal cell is a complex combination of the all 
individual absorbed dose resulting from all possible nuclear reactions, separated 
in: 
 
i – Photon dose:  resulting from  14N(n,γ)15N,  16O(n,γ)O17, 12C(n,γ)13C e 1H(n,γ)2H. 
The 1H(n,γ)2H reaction is responsible for 2.2 MeV γ-rays dose depositions at 
locations also remote from the site of interations; ii – Termal neutron dose: 
resulting from 14N(n,p)14C thermal neutron capture reactions; iii - Epithermal and 
fast neutron dose: principally resulting from H(n,n’)H, O(n,n’)O e C(n,n’)C, with 
recoil’s protons production. iv – 10B dose, resulting from 10B(n,α)7Li thermal 
neutron capture reaction. This is a main tumor dose. 
 
The different secondary radiations generated in the above mentioned reactions are 
charecterized by very dissimilar LET, RBE and spatial distribution of the energy 
released. Although the debate on RBE values to be used in BNCT is still relevant, 
it is anyhow very important to discriminate between the various  contributions of the 
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absorbed dose. Each field component is responsible for a very different 
mechanism of dose deposition, and, to fully estimate the tissue damage, a 
measurement of the total dose is meaningless.  
Since the 10B dose is the main therapeutical dose component and the main 
responsible component for the tumor dose [1], the remaining components, called 
secondary component of dose, can be considered as not-planned parcel  of the 
total dose, and the BNCT dosimetry  requires a detailed analysis of the dose 
contributions produced by all radiation components, and the different radiation’s 
RBEs in the mormal tissue, aiming to get a better otimization  of the neutron beams 
used, and to provide dosimetrics information that allow to correlate pathologys with 
answers of the normal and tumor tissue to the radiation. 
 
This work aimed to appraise, under reference conditions, the influence of the 
secondary components of dose (thermal and fast neutron dose and photon dose), 
in the planning of the total dose delivers in the healthy tissue in BNCT treatments, 
arguing the effect of these contributions in the final treatment. 
 
2 – Methods and materials 
 
The magnitudes of the effects of material composition, kerma factors, geometry 
and beam energy on in-phantom dose profiles were evaluated using the general 
purpose Monte Carlo radiation transport code MCNP, 4B version [2]. The reference 
phantom model for these calculations is an analytical representation of the 
modified Snyder head phantom [3], with the tissue compositon defined by ICRU 
46. Neutron and photon fluences were calculated in cubes of volume 1 cm3 
centered on the z axis of phantom, and modified by fluence-to-KERMA conversion 
factors and the photon mass attenuation coefficients derived from the ICRU 63 and 
JENDL-3.2 and ENDF/B-V data library [3]. To estimate 10B(n,α)7Li contribution to 
the dose, 10B dose were multiplied by either a factor of 10 ppm (to represent 10 
µg/g de 10B in healthy tissues) or a factor of  45.5 ppm (to represent the 45.5 µg/g 
de 10B in a tumor) [1,4]. The individual dose components are combined to yield 
estimates of total absorbed doses per neutron emitted by the source to healthy 
tissue and tumor, using the following equation: 
 
             Dtotal = CF • DB + RBEth • Dth + RBEf • Df + RBEγ • Dγ   [RBE-Gy]  (1) 
 
where the following assumptions are made. The normal tissue and tumor compond 
factor (CF) are 1.3 and 3.8, respectively; the thermal neutron reaction RBEth é 3.2; 
the fast neutron reaction RBEf is 3.2; and RBEγ  is 0.5 [5].  In order to optimize the 
neutron energy for treatment of a tumor at a given depth, the maximum healthy-
tissue dose is set to 12.5 RBE-Gy, under the constraints that the skin dose does 
not exceed 9 RBE-Gy [4,6]. The reference calculatios were performed using 
individual monoenergetic and monidirectional neutrons beams of 5 keV and 10 keV 
[5,6]. In addition to these monoenergetic beams, a generic epithermal neutron 
beam with 1% fast neutron flux contamination (10 keV to 2 MeV) and 10% thermal 
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flux contamination (1 meV to 0.5 eV), similar to those proposed for use in clinical 
BNCT, was also employed [1,3]. 
 
 
3 – Results 
 
FIGURE 1 (a) show the maximum healthy-tissue dose with the monodirectional, 
monoenergetic  neutron beam of 5 keV and 10 keV, and the epithermal neutron 
beam. FIGURES 1 (b), 1 (c) and 1 (d) show,   respectively, the different dose 
contributions in the healthy tissue for these beams. 
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FIGURE 1 - Maximum healthy-tissue dose (a) and different dose contributions in 
the healthy tissue for the epithermal neutron beam (b), 5 keV (c) e 10 keV (d). 
  
The healthy-tissue dose distribution for the epithermal neutrom beam in FIGURE 1 
(a) is  maxim in 3 cm, delivering a skin dose equal to 7.94 RBE-Gy. For the 10 keV 
neutrom beam, the healthy-tissue dose is maxim in the skin, while for the 5 keV 
neutron beam, the skin dose is 9.7 RBE-Gy ( 7.2 % greater than adopted tolerance 
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value of 9 RBE-Gy ). The FIGURES 1 (c) and 1 (d) show that the increase of the 
skin dose for the 5 keV and 10 keV neutron beams is provoked by the 
predominance of the fast neutron dose component (RBEf = 3.2) of these beams. 
Consequently, treatments planning with these beams would bring serious 
consequences for the patient skin, and these beams wouldn’t be indicated for the 
treatments without surgical intervention, unless that the treatment planning adopt 
the skin dose as the dose limit.   
 
4 - Conclusions 
 
The RBEs of the different radiations produced in neutron interactions with tissue, 
and the RBE factor’s application, exerts great influence in treatment planning, 
through the modification of the healthy tissue and tumor total dose, showing that 
the secondary components of dose can to contribute more for to raise the healthy-
tissue dose, of that in the tumor, reducing the treatment efficiency. 
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