
Use and Limitations of MCNP 
for in vitro cell dosimetry

Anna Mason
Bristol Haematology and Oncology Centre, 

Bristol, UK



Outline

• Boron Neutron Capture Therapy 
(BNCT)

• Role of Monte Carlo in BNCT
• Cell survival measurements
• Dosimetry methods and results
• Problem: in vitro Nitrogen-14 dose 

component



Principle of BNCT

• Administer tumour specific boron carrier
• Flood region with thermal neutrons
• Capture of thermal neutrons by boron, 

yielding 7Li nucleus and a particle
• Range of reaction products are comparable 

with cell dimension (~10mm)



The Boron Capture Reaction



Treatment Facilities Worldwide

1999 - presentGlioblastoma, Head 
and Neck

34Espoo, Finland

1998- presentGlioblastoma26Petten, the Netherlands

1996 - presentGlioblastoma, 
melanoma

28MIT, Boston

1994 - 1999Glioblasoma 54Brookhaven, NY

1968 - presentNumerous sites>200Japan (various)

2001Liver metastases (ex 
corpus)

2Pavia, Italy

2001 - presentGlioblastoma46Studsvik, Sweden

DatesTumours treatedNo. of 
patients

Facility



Dose Components in BNCT

• Incident in epithermal neutron beam: fast 
neutrons, photons

• Capture reactions occurring in tissue, most 
significantly : 

1H + nth
2H + gggg(2.2 MeV)

14N + nth
14C + p (580 keV)

• In addition, there will inevitably be some 
boron in normal tissue



Dose Distributions in tissue



Dose Measurement Techniques

• 14N and 10B doses: foil activation (54Mn, 
197Au) Uncertainty (in fluence) ~ 5%

• Photon and fast neutron doses: dual 
ionisation chambers (Mg/Ar and TE/TE) 
Uncertainty (photon) ~ 8%
Uncertainty (fast neutron) ~ 20%

• Other measurement techniques: TLDs, gel
dosimery, microdosimeters



Computational Dosimetry 
(MCNP)

• Monte Carlo methods are invaluable to the 
BNCT community as uncertainties in 
measurements are large

• Provide information which cannot be 
measured e.g. neutron energy spectrum

• Treatment planning codes currently 
available for BNCT rely on Monte Carlo 
methods
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So what does this mean for BNCT?

• It matters in BNCT to which tissue dose is prescribed
• In order to compare measurements with calculations, have 

to convert from the measured dose to a dose in some tissue
• So, for now, we have to engage in Monte Carlo 

simulations to determinekermaconversion factors in each 
beam

• For the future, when these calculations are published for a 
sufficient range of dosemeters and a sufficient no of 
beams, may be possible to recommend “standard”  factors



Aims of my PhD

To provide a comparison of the biological 
properties of neutron beams for BNCT, 
thereby:

i. Promoting collaboration between 
treatment centres, and aid interpretation of 
clinical results

ii. Proving the suitability of the Birmingham 
beam to patient irradiations



Cell Survival Assay



Experiment Design
••Normal mammalian cell line Normal mammalian cell line 
(V79 Chinese hamster lung (V79 Chinese hamster lung 
cells)cells)

••Beam only comparison Beam only comparison -- no no 
boron addedboron added

••Irradiation in a waterIrradiation in a water--filled filled 
cylindrical phantomcylindrical phantom

••Cells are irradiated in Cells are irradiated in 
suspensionsuspension



Cell Survival Measurements



The Birmingham Project

7Li + p 7Be + n

Cyclotron 
vault

Dynamitron
accelerator

2.8 MeV 
Proton beam

NeutronsLi target, Beam moderator / shield



Proton beam-tube

FLUENTALTM moderator

Li-polythene delimiter / shield

Heavy water inlet

The Treatment Facility



MCNP model

• Angular and energy distribution of neutron source 
determined from Liskien and Paulsen1 cross 
section data (D. A. Allen)

• Track length flux tally (type 4) – kerma factors 
and mass attenuation coefficients applied to give 
doses

• Variance reduction technique – weight windowing

1Atomic Data and Nuclear Data Tables 15, 57 – 84 (1975)



MCNP Geometry



Results: Measurement vs. MCNP
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Neutron Dose Spectra

Neutron Dose Spectra 
at a depth of 2.0 cm
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Neutron Dose Spectra 
at a depth of 6.5 cm
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The Problem: Nitrogen-14 dose

• Range of secondary proton similar to dimension of 
a cell (12.8mm)

• Cells suspended in culture medium during 
irradiation

• Discrepancy between 14N content of cells and of 
medium >>> production of protons is non uniform 

• As LET varies along path of proton, actual dose to 
cell will depend on which section of track crosses 
it.



MCNPX and why it’s inadequate

• Extension of MCNP
• Supports transport of 34 particles, including 

protons
BUT…
• Proton production cross sections not 

available below 20MeV
• Not designed to transport low energy 

particles over few mm



Approach used elsewhere
I. No correction, i.e. treat nitrogen distribution as 

uniform and equal to concentration inside the 
cell1

II. Assume uniform 14N content and apply ‘ fudge’  
factor to final nitrogen dose value:

• 0.85 for V79 cells in suspension2

• 0.50 for CHO cells attached to flask3

1Int. J. Rad. Onco. Biol. Phys. 27, 1121 – 1129 (1994)
2Radiation Research 98, 307 – 316 (1984)
3Radiation Research 155, 778 – 784 (2001) 



Work done on 10B dose

• Similar problem arises if 10B is distributed non-uniformly
• Davis et al1 modeled dose to HeLa cells in monolayer for uniform 

intercellular boron distrubution
• Kitao2 has considered dose at an interface between regions with and 

without boron
• Kobayashi and Kanda3 modeled dose to the cell nucleus from boron 

located in the cytoplasm or in the nucleus
• But this kind of approach is beyond scope of current work…

1Radiation Research 43, 534 – 553 (1970)
2Radiation Research 61, 304 – 315 (1975)
3Radiation Research 91, 77 – 94 (1982)



Conclusions

• Monte Carlo techniques are invaluable to BNCT 
community

• MCNP results presented here gave reasonable 
agreement with measurements

• Some unexplained discrepancy with photon dose
• MCNP/MCNPX inadequate for handling

microdosimetric considerations required in cell 
culture irradiations


