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Abstract 
Contribution presents condensed description of the BNCT method, as one of the 
most promising methods of cancer radio therapy in the future. Certain planned 
research activities considering realization of BNCT project in Slovenia are also 
shown. Modelling of irradiation facility as well as mathematical simulation of neutron 
and photon transport are completely performed by Monte Carlo computer simulation, 
and for that reason some basic characteristics and capabilities of MCNP4A computer 
code are also presented. Finally, some results obtained up to this time are 
presented. 

1. Introduction 
Boron Neutron Capture Therapy (BNCT) is radiation treatment that offers the 
potential of a highly selective effect of radiation - alpha particles - while sparing 
normal tissues. It brings together two components that when kept separate have 
only minor effects on normal cells. The first component is a stable isotope of 
boron that can be concentrated in tumor cells. The second is a beam of low-energy 
neutrons that produces short range radiation when absorbed or captured by boron 
nuclei. The combination of these two conditions at the site of the tumor releases 
intense radiation that destroys malignant tissues. 

The central feature of effective BNCT is the selective delivery of a drug containing 
the stable, naturally occurring isotope boron-10 into the tumor. As the tumor is 
irradiated with the low energy neutrons (epithermal neutrons become thermalized), 
there is a higher likelihood of the boron-10 nucleus absorbing them than that of 
the nucleus of the any other element normally present in tissues. The boron 
nucleus becomes unstable and immediately splits into two recoiling ionizing particles, 
an alpha particle (i.e. helium nucleus) and a lithium nucleus: 

n + 10B -> nB* -> 4He + 7Li + y 

These products of the BNCT reaction 10B(n, a)7Li are of short range (9, 5 mm, 
respectively) and are confined to the immediate vicinity of the boron containing 
compound which, hopefully, should be concentrated in the tumor. 
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A major appeal of BNCT is that lithium-7 nuclei and energetic alpha particles are 
produced by fission reaction following the neutron capture. These heavy particles 
which carry 2.79 MeV of energy, have very high ionisation density. Another 
advantage of alpha particles is that they can affect dividing and nondividing tumor 
cells alike - tumors are known to have a large number of viable but inactive cells. 
Other forms of radiation treatment and chemotherapy tend to work best only on 
the cells that are dividing. 

These characteristics make BNCT a theoretically ideal system for the destruction 
of malignant cells. 

2. BNCT Project in Slovenia 
Slovenian BNCT project was approved in January this year, and is financed by 
the Ministry of Science and Technology. It should be noted that this is an 
extensive and interdisciplinary project where numerous reactor physicists, organic 
chemists, biochemists, molecular biologists and oncologists are engaged. 

Among this, an international cooperation between our research team, CEA Saclay 
Strasbourg University Reactor and Hospital "Centre Paul Strauss" from Strasbourg 
has been established. On the field of research of monoclonal antibodies we 
cooperate with the University of Zagreb, Croatia, too. 

2.1. Schedule Of Research Activities 

1994: - finishing the Monte-Carlo model of Ljubljana TRIGA MARK-II reactor, 
- calculation of the (epi)thermal filters, gamma filters, collimators, using 

Monte Carlo simulation, 
- irradiation facility design and fabrication, 
- boron compounds research (borocaptane, etc.) study of boron transport 

and tumor boron deposition with monoclonal antibodies and/or "stealth" 
liposomes, 

- activities on a field of boron autoradiography of malignant tissue. 

1995: - irradiation facility construction, 
- dosimetry of the facility, phantom dosimetry, 
- first "in-vivo" experiments on mice, 
- "final tuning" and calibration of the irradiation facility. 

•1996: - research into tumor boron deposition using monoclonal antibodies and/or 
liposomes, 

- detailed neutron dose studies, 
- gathering the necessary pharmacological data, 
- elaborating protocol for irradiator use, 
- clinical protocol. 
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3. Monte Carlo Simulation 
MCNP4A is a general purpose Monte Carlo code for calculation of time-dependent 
continuous-energy transport of neutrons, photons and electrons. It is particularly 
convenient for calculations in complicated three-dimensional geometries. Both fixed 
source and criticality safety problems can be solved with MCNP4A. Nuclear data 
representations can be either fully or partially continuous or multigroup. 

Nuclear data: the neutron data libraries are derived from three sources (ENDF/B, 
ENDL-85 and LANL T-2 group data) and cover the energy range from 10-11 to 
20 MeV. Low energy neutrons are treated in two different ways. The first and 
most detailed and accurate treatment is the S(a,|3) data that includes molecular 
and crystalline bindings effects at specific temperatures in selected materials. The 
second treatment is the free gas model where the nuclei are assumed to be gas 
having an isotropic Maxwellian distribution of velocities. For coupled problems, 
detailed neutron-induced photon data are available for most evaluations. The energy 
range for photon transport in MCNP is between 10"3 and 100 MeV. These libraries 
contain data for pair production, incoherent and coherent scattering and photoelectric 
absorption. The electron transport data are necessary for thick-target bremsstrahlung 
calculations. Energy range is from 100 keV to 100 MeV in this case. 

Cells and surfaces: cells are basic geometric units in MCNP. They locate materials 
and are used for volume tallies and variance reduction parameters specifications. 
A general repeated structures capability is available to reduce geometry setup time 
when portions of the geometry appear more than once. MCNP surfaces are defined 
by all first and second order equations and certain fourth-order equations. Certain 
surfaces can be specified by points as well. When symmetry exists in the geometry, 
reflecting surfaces can be used to simplify the problem setup and improve the 
efficiency of the calculation. 

Tallies: MCNP can tally by particle in units of flux, current and heating. All tallies 
can be programmed as a user-specified function of space, energy and time. The 
quantities required for the calculation of the estimated relative error of each tally 
result are calculated at the end of each history. If the desired tally is not available, 
the user can define any modified tally by his own coding (subroutine TALLYX). 

Particle sources: MCNP has four source model options, namely fixed source, surface 
source, criticality source and user-supplied source. Source variables can be defined 
as a value, as an independent distribution or as distribution dependent on another 
source variable. All input source parameters can be biased in various ways by the 
user. A subroutine SOURCE exists, so the user can write his own source. 

Variance reduction: this is probably the most important part of every Monte Carlo 
simulation code, because analog Monte Carlo calculations are usually effective only 
for problems where substantial numbers of particles are in the tally regions. For 
more difficult problems - for example reactor irradiation channels or reactor pressure 
vessel exposure, where particle fluxes can drop for several orders of magnitude, 
non-analog schemes must be used. These techniques can reduce the statistical 
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fluctuations for a given amount of computational time thus making calculation 
more efficient. MCNP has many variance reduction techniques, which can in general, 
be divided into four groups: 

- truncation methods, 
- population control methods, 
- modified sampling methods, 
- partially-deterministic methods. 

Graphic options: MCNP provides graphics to view the geometry and detect errors. 
Any arbitrary 2-D geometrical slice can be plotted. All tally results can also be 
displayed by MCNP in 2-D X-Y, 2-D contour, or 3-D surface plots. The results 
can be represented as a histogram, as a piecewise linear curve or spline between 
points, or in bar graph form. Finally, one of the code subsystems (SABRINA) 
produces 3-D color shaded or line plots of a geometry, or show actual Monte 
Carlo particle tracks. 

4. Preliminary Monte Carlo Results 
In the present time we are still in the developing phase of the extremely complex 
Monte Carlo TRIGA research reactor model, presented on the Fig. 1 and 2. 
Because of this geometry complexity, we are still facing the problem of efficient 
coupled neutron-photon transport, which demands application of several quite 
advanced variance reduction techniques. 
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Fig. 1. Side view of the TRIGA reactor model 
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Fig. 2. Top view of the TRIGA reactor core model 

Calculations of efficient (epi)thermal filters, gamma filters and collimators present 
the bulk of our study. For the first approximation of epithermal filter we have 
used AI2O3 material. On the Fig. 3 the neutron spectrum before entering the 
filter material (on the reactor core surface), and on the Fig. 4, a neutron spectrum 
after traversing the filter layer are presented. Comparison of results shows that 
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aluminium oxide filter causes the cut-down of fast neutron spectrum and translation 
to the epithermal area, what was our intention. The rate of attenuation between 
these two fluxes is approximately 0.008. 

For the gamma filters we are going to use a combination of bismuth and lead, 
because the main purpose is to attenuate the gamma ray level to the lowest 
possible level. 
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Fig. 3. The neutron spectrum at the core surface 
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Fig. 4. The neutron spectrum after traversing 50cm long AI2O3 filter 
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5. Conclusions 
The main reason for such complicated model is that we actually need three 
irradiational channels: one for neutron tomography, one for prompt gamma neutron 
activation analysis and one for BNCT for, possibly, clinical use. 

We still have not made any final decision which channel should be used for what 
purpose. We will try to optimize the possibilities, because all channels are in 
principle available. 
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