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NCEPT: A novel adjunct to particle therapy

Safavi-Naeini et al., 2017 “An irradiation system and method” WO2019051557A1
https://patents.google.com/patent/WO2019051557A1/

https://patents.google.com/patent/WO2019051557A1/


Simulation model 
and proof of concept

Development of 
methodology and 
validation in vitro 

Development of 
methodology and 
validation in vivo

Clinical translation,  
adjunct to 

particle therapy 

The story so far



Simulation campaign: why and how
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Thermal neutron fluence: proton SOBP

Estimated 10B-BPA required for 10% dose boost: 132 ppm (liver), 345 ppm (brain)
Estimated 157Gd-TPP-DOTA required for 10% dose boost: > 616 ppm (depending on Gd distribution)



Thermal neutron fluence: carbon SOBP

Estimated 10B-BPA required for 10% dose boost: 285 ppm (liver), 744 ppm (brain)
Estimated 157Gd-TPP-DOTA required for 10% dose boost: > 1330 ppm (depending on Gd distribution)



Chemical Communications (2014, 50, 2252-2254) 10.1039/C3CC46903D 

Neutron Capture Agents
10B-borono-L-phenylalanene

● Thermal neutron cross-section of 10B is 
3838 barns

● Neutron capture results in release of 
damaging high-LET alpha particles and 7Li 
nucleus:

10B + nth → [11B]∗ → α + 7Li + γ (0.48 & 2.31 MeV)

● BPA is preferentially absorbed by cancer 
cells & is clinically approved for use in 
neutron capture therapy in Japan and 
elsewhere

157Gd-TPP-DOTA
● Thermal neutron cross-section of 157Gd is  

~254000 barns
● Neutron capture results in release of 

high-LET Auger and internal conversion 
electrons - highly damaging & short-range:

157Gd + nth → [158Gd]∗ →158Gd + γ (7.94 MeV)

● TPP-DOTA chelates Gd and targets 
mitochondria membrane in cancer cells 

● Very high specific uptake

https://doi-org.ezproxy1.library.usyd.edu.au/10.1039/C3CC46903D


In vitro proof of concept: HIMAC  
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Carbon beam Carbon + 10B-BPA  Carbon + 157Gd-TPP-DOTA

Helium beam Helium + 10B-BPA  Helium + 157Gd-TPP-DOTA

Ion therapy vs NCEPT: Dose response 



Ion therapy vs NCEPT: clonogenic assay 



Ion therapy vs NCEPT: IC50



Thermal neutron quantification 
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In vitro campaign outcomes
● In vitro results with carbon and 

helium are extremely compelling:

○ In beam: NCEPT achieves 10% 
survival with < 50% ion-only 
dose 

○ Out of beam: NCEPT IC50 similar 
to in-beam ion-only IC50

● Measured neutron fluence 6x > 
magnitude compared to simulation

● Existing biophysics models 
(LQM/MMKM) inadequate to explain 
magnitude of effect 
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Project plan 



Translation
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Missing pieces of the puzzle



NCEPT Collaboration
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