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BNCT principle
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BNCT selectivity at cellular level

Tecniche Avanzate di 
radioterapia May 15 2024 Bari

saverio altieri UNIPV and CNAO 3



neutron autoradiography imagehistological image
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BNCT selectivity at cellular level 

Some neutron autoradiography images of human liver 
with metastases

S. Altieri et. al  Applied Radiation and Isotopes 66 (2008) 1850– 1855
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Boron concentration
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BNCT absorbed dose ratio
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BNCT dose components

Tecniche Avanzate di 
radioterapia May 15 2024 Bari

saverio altieri UNIPV and CNAO

𝐷!"! = 𝐷# + 𝐷$ + 𝐷% + 𝐷&

7

https://www-pub.iaea.org/MTCD/Publications/PDF/CRCP-BOR-002_web.pdf 

https://www-pub.iaea.org/MTCD/Publications/PDF/CRCP-BOR-002_web.pdf


C.Ferrari et al.  Rad Res 175 (2011) 

Survival curves of rat DHD cells 
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Functional and histological changes in 
rat lung after irradiation 
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Photons Isoeffective dose
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Kiger JL, et al. Radiat Res. 2008 Jul;170(1):60-9. doi: 10.1667/RR1266.1. PMID: 18582158.



Photons Isoeffective dose
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González SJ, Santa Cruz GA. Radiat Res. 2012 Dec;178(6):609-21. doi: 10.1667/RR2944.1



Neutron beam: thermal or epithermal
neutrons
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Beam Shaping Assembly  (BSA)
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BSA and neutron spectrum
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https://www-pub.iaea.org/MTCD/Publications/PDF/CRCP-BOR-002_web.pdf 

https://www-pub.iaea.org/MTCD/Publications/PDF/CRCP-BOR-002_web.pdf


Neutron beam characteristics
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From reactors to accelerators
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Neutron produccing reactions
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Thermal conductivity Melting point Gas permeability

power on the target: kW/cm2  

very efficient cooling required 

10-20 mA

Target properties
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Treatment Planning System for BNCT
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INFN RFQ (Italy)
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Kek (Japan)

TLS (USA)

Sumitomo (Jpan)



Japan Finland

China

…Italy

AB-BNCT in the World
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Accelerators based BNCT facilities in the world
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CNAO   (Italy) Electrostatic Solid Li P:2.5 10 Construction
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Treatment Planning Systems
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Treatment Planning Systems
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Clinical BNCT in the World

• Japan (Tsukuba-Osaka-Kyoto):
– Brain tumours (glioma, meningioma)
– Recurrent Head and neck
– Melanoma
– A few cases of 

• lung tumours, 
• pleura, 
• liver …

• Finland (Helsinki)
– Brain tumours
– Head and neck

• USA 
– Brain tumours 

• Argentina (Bariloche)
– Skin Melanoma 

• Taiwan (Tsing Hua)
– Recurrent Head and neck

• Italy (Pavia)
– Liver metastases in the past
– CNAO (under construction)
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BNCT @ Triga reactor in Pavia
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Disseminated liver metastases 
TAOrMINA project

In vitro and in vivo 
research of new boron 
carriers
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In vivo  boron dose 
imaging by SPECT and 
Compton camera based 
on CZT  detectors

Neutron autoradiography
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