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Case for FLASH-RT 



Case for FLASH-RT 

 Results from  Institute Curie and Centre Hospitalier 
Universitaire Vaudois in a mouse model indicate substantial 
enhancement of the therapeutic window  for ultra-high dose 
rate electron delivery compared with conventional dose rate 
(~5 Gy/min exc. FFF) 

 Electrons delivered in a single short pulse (<500 ms) at ultra-
high dose rate (>40 Gy/s = 2400 Gy/min) produced fewer 
pulmonary lesions 

 Spatial memory preserved after whole-brain mouse FLASH 
irradiation at 10 Gy 

 Experiments limited 

 Co-operation of two groups 

 Two similar prototype linear accelerators 

 Side effects in two parallel organs (lung & brain) 

 Dosimetry notoriously complicated 
 IC, radiochromic pellets, TLD, alanine pellets 

 

 

 



Adapting a clinical linac 



Adapting a clinical linac – Stanford Experience 

 Adaptation of existing commercial 
device: Varian Clinac 21 EX 
 Normal clinical operation settings; tune for 

maximum dose-rate delivery 

 Small animal irradiation locations 
 Ion chamber 

 Positioning mirror 

 Inner jaws (Y-jaws) 

 Obtained dose-rates >200 Gy/s 
 Clinical mode 

 <74 Gy/s 

 Tune 
 >900 Gy/s 

 220 Gy/s @ 1 cm depth, >4 cm field size, 90% homogeneity throughout 2 
cm thick volume 

From Fig 1, 
Schuler et al 

http://www.
int03.co.uk/
vertual/dem
oes/varian.h
tm 
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Adapting a clinical linac – Stanford Experience 

 Monte Carlo model of Varian Clinac 21 EX 
(FLUKA) 

 Animal irradiation platforms 

 Tuning used spare 20 MeV program printed 
circuit board 
 Removed standard 20 MeV board to preserve clinical 

settings 

 Clinical treatments halted for entire duration of 
experiments 
 Full annual QA completed before return to clinical use 

 Dosimetric verification using pinpoint ion chamber and 
Gafchromic film 

 Beam controlled via micro-controller connected to gating 
interface 



Adapting a clinical linac – Stanford Experience 

 20 MeV electrons produced very low 
dependence of absorbed dose with depth 
 More homogeneous dose in irradiated small animal 

compared with using experimental LINACS (dose rates >50 
Gy/s; energy range 4.5-6 MeV) 

 Gating interface not ideal 
 Dose measured in fixed interval could vary 

 Propose implementing a toroid with real-time 
measurements before exposure 
 Quick read out of beam charge 

 Beam off controlled using microcontroller directly connected to Linac 
control computer 



Adapting a clinical linac - Hammersmith 

 Varian Clinac iX 
 6, 9, 12, 16, 20 MeV 

 No gating interface 

 Potentially non-clinical from 
late summer 2019 

 Related projects 
 Monte Carlo model of linac 

 Dosimetry 
 We have access to 

 Pinpoint chamber 

 GafChromic film 

 TLD 




