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Exploring UHDR irradiation parameters and flash effect occurrence on c. ele-
gans and tumor spheroids

Abstract:

UHDR irradiations show healthy tissue sparing effect known as the FLASH effect. Since 2014, 
the FLASH effect has been investigated worldwide to understand how to trigger it. At the 
LARN laboratory, a chopper system allowing to mimic the beam structure of clinical proton 
accelerators, with tunable LET and instantaneous dose rate up to 1000 Gy/s, was developed. 
Parameters can be set up independently allowing the screening of numerous beam struc-
ture. Mono-pulses were used to expose wild type C. elegans embryos, a high throughput 
healthy-tissue in vivo model, and colon cancer 3D spheroids, as a surrogate for tumor tissue.  
The UHDR irradiations were performed by delivering one single pulse for total doses from 2 
to 20 Gy, with a 4 MeV proton beam (LET = 10 keV/µm) in CONV (2 Gy/min) and UHDR (1000 
Gy/s). Worm length was measured 96 h after exposure and the growth delay of cancerous 
HCT-116 spheroids was monitored over 18 days. All groups of irradiated worms showed a sig-
nificant growth delay at 10 and 20 Gy compared to the control group (p < 0.0001), regardless 
of the dose rate. However, the UHDR group growth delay was significantly less severe at both 
doses, suggesting a sparing effect (p < 0.001). On the other hand, UHDR was more potent to 
reduce proliferation in the 3D cancer model. These results suggest that different mechanisms 
are at play in healthy and tumor tissue models. Other beam structures and various LET will be 
tested in the future. 
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