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Design of a new building for BNCT near Caserta, in 
San Nicola La Strada. The project area is adjacent the 
CIAPI building where the CIRCE laboratory of the 
University of Campania Luigi Vanvitelli is placed 
together with some other INFN installations.

The Centre will be the first facility of this 
kind in all the central and southern Italy 
(6 clinical centres treating patients in the 
world, more than 20 in construction for 
research and/or clinics) and the only one 
fully based on public funds

CIRCE LAB.
EX CIAPI
BUILDING

PROJECT 
AREA





FUNCTIONAL LAYOUT–PHASE1

The proposed technical solutions are intended to be indicative and will be carefully evaluated during the final and/or executive development phase of the project.



Approvati dal CdA
dell’Università Vanvitelli 

a luglio 2025

Convenzione con Regione 
Campania per il 

trasferimento dei fondi

Gara d’appalto integrato 
per la costruzione 

dell’edificio

Bando pubblicato 1° di Ottobre sulla 
Gazzetta Europea

Parere definitivo MASE in arrivo
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Backup BSA
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Backup Spettro
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Effetto biologico della BNCT

DW =
i=4

∑
i=1

DiWi

In BNCT si ha un campo di radiazione misto. Quindi ad ogni contributo della dose assorbita va 
moltiplicato il fattore biologico corretto. Attualmente questo peso biologico della radiazione viene 

assunto come fisso. I contributi alla dose da BNCT sono:

D1 = dose da cattura neutronica su 10B 
D2 = dose da cattura neutronica su 14N 

D3 = dose da scattering elastico di neutroni 
D4 = dose da fotoni


W1 dipende dal tipo di cellula e dalla distribuzione microscopica del Boro, W2 e W3 vengono 
solitamente considerate uguali, mentre W4 viene assunto come 1.

In BNCT, there is a mixed radiation field. Therefore, each contribution to the absorbed dose 
must be multiplied by the corresponding biological weighting factor. Currently, this biological 
weighting factor for radiation is assumed to be constant. The dose contributions in BNCT are:

D1 = dose from neutron capture on 10B  
D2 = dose from neutron capture on 14N  

D3 = dose from elastic neutron scattering  
D4 = dose from photons  

W1 depends on the type of cell and the microscopic distribution of boron. W2 and W3 are 
usually considered equal, while W4 is assumed to be 1.

Biological effectiveness of BNCT
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DR è la radiazione di riferimento (gamma) 
Di è la radiazione di confronto 

Wi è il peso radiobiologico di quella 
radiazione

DR is the reference radiation (gamma).

Di is the comparison radiation.

Wi is the radiobiological weighting 
factor for that radiation.
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Di è la radiazione di confronto 
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Wi is the radiobiological weighting 
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Ora consideriamo un campo di 
radiazione misto composto da scattering 
neutronico e cattura neutronica sul boro. 

Supponiamo che il 50% dell’energia 
venga depositato da scattering mentre il 

restante dalla reazione sul boro. Se 
rilasciamo 4Gy che dose pesata 

otterremmo ?
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Gamma
Neutron
Boron

Now, let's consider a mixed radiation 
field composed of neutron scattering 

and neutron capture on boron. Suppose 
50% of the energy is deposited by 

scattering, while the remaining 50% 
comes from the reaction on boron. If we 

deliver a total dose of 4 Gy, what 
weighted dose would we obtain?
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Dboro * Wboro = 10 * 2 = 20 Gyw 

Dneutron * Wneutron = 2 * 2 = 4 Gyw 

Dw corrisponde a 24 Gyw. Che corrisponde 
ad una sopravvivenza cellulare di poco 

meno di 0.001 cellule.  
Dboro * Wboro Dneutron * Wneutron 

Now, let's consider a mixed radiation 
field composed of neutron scattering 

and neutron capture on boron. Suppose 
50% of the energy is deposited by 

scattering, while the remaining 50% 
comes from the reaction on boron. If we 

deliver a total dose of 4 Gy, what 
weighted dose would we obtain?

Dw is 24 Gyw. Which corresponds to a 
cell survival fraction of just less than 

0.001.
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La realtà è che una propagazione lineare della dose (i.e. 
fatta con fattori di peso fissi) non è corretta. Se 
consideriamo la curva che rappresenta la combinazione di 
dose (50% da scattering di neutroni e 50% da  cattura 
neutroni sul boro) vediamo che si pone circa a metà tra le 
curve delle singole radiazioni. 
Quindi a 4 Gy di dose da campo misto, se guardiamo la 
curva n+B, otteniamo una sopravvivenza cellulare di 1e-2. 
Questa sopravvivenza corrisponde ad una dose 
equivalente di circa 17 Gy di fotoni. In questo caso 
abbiamo 17 GyisoE. Perché la dosimetria è isoeffettiva ai 
fotoni. 
Rispetto alla situazione precedente (dose pesata con 
fattori di peso fissi), abbiamo una dose più bassa. In 
particolare usando i fattori di peso fissi sovrastimiamo la 
dose di circa 140% già a 4 Gy di campo misto. 
All’aumentare della dose questa discrepanza continua a 
crescere.  

Questo significa che nel tumore (dove le dosi dono più 
alte) la sovrastima della dose usando la dosimetria con 
fattori fissi è significativa !

10 20

Gamma
Neutron
Boron
n+B

The reality is that a linear propagation of dose (i.e., 
using fixed weighting factors) is not accurate. If we 
consider the curve representing the combination of 
dose (50% from neutron scattering and 50% from 
neutron capture on boron), we observe that it lies 
roughly midway between the curves of the individual 
radiation types.

Thus, for 4 Gy of mixed field dose, if we look at the n+B 
curve, we obtain a cell survival rate of 1e-2. This survival 
corresponds to an equivalent dose of approximately 17 
Gy of photons. In this case, we have 17 GyisoE, as the 
dosimetry is isoeffective with respect to photons.

Compared to the previous situation (dose weighted with 
fixed weighting factors), the dose is lower. Specifically, 
using fixed weighting factors overestimates the dose by 
about 140% at just 4 Gy of mixed field. As the dose 
increases, this discrepancy continues to grow.

This means that in the tumor (where doses are higher), 
the overestimation of dose using fixed-factor dosimetry 
becomes significant!
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Biological effectiveness of BNCT
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Biological effectiveness of BNCT
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Msc thesis, Matteo Ferrari 2017 & Barbara Marcaccio 2021



BNCT Microdosimetry

mini-TEPC 
(Tissue Equivalent Proportional Counters)

Analyse the quality of the beam and the 
characteristic of its interaction at sites with the 
size of a cell. High innovation potential in BNCT 
dosimetry and treatment planning!

Bridging the gap between the physical characteristics of 
radiation and its biological effects



BNCT Microdosimetry

mini-TEPC 
(Tissue Equivalent Proportional Counters)

Analyse the quality of the beam and the 
characteristic of its interaction at sites with the 
size of a cell. High innovation potential in BNCT 
dosimetry and treatment planning!

Bridging the gap between the physical characteristics of 
radiation and its biological effects

Down to the nanoscale: computational nanodosimetry and its 
link with radiobiology
Anna Selva @ 15:15



Geant4DNA simulations of intra and intercellular particle source 

Case 1: nuclear source 

Case 2: cytoplasm source 

H2O

Case 3: external source 

Particle source location in 
different volumes

PhD Thesis of Laura Bagnale



From experimental validation to predictive results

MSc thesis -> number of foci per cell at

different time points

Geant4-DNA -> same conditions
By editing the output parameters

F. Fede, MSc thesis, supervised by L. 
Manti.

PhD Thesis of Laura Bagnale



MC for clinical applications ?
From the development of the facility to Treatment Planning Simulations
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CIRT is reported in photon-equivalent units, converting
absorbed dose throught the Local Effect Model (LEM). Then
we translated carbon ion dose values into single fraction

doses using BED formalism.
3
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BNCT simulations of the primary tumour and recurrence were
carried out by using the IT_STARTS software.

The computed Isoeffective dose is equivalent to a single
photon fraction.

3
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DVH of the CIRT and of the BNCT treatment. Gy(IsoE) of x-axis indicates Gy (IsoE,
C12, BED) for CIRT and Gy (IsoE, BNCT) for BNCT.
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Dose distribu-
tion in the ROI
corresponding to
the recurrence
volume for: CIRT,
BNCT treatment
of the primary

tumour and BNCT
treatment of
the recurrence.



Deepening the dose-effect relation in BNCT

Towards more effective
BNCT treatment planning

Photon Isoeffective Dose model

New boron carriers

New boron imaging methods

New biological assays

New  biological models

Input for models 
of photon-equivalent
dose, TCP, NTCP

Artificial Intelligence methods in treatment planning

Microdosimetry
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