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Abstract: With the progress of radiotherapy technology ,radiation can be transmitted to tumor tis-
sues more accurately and normal tissues would receive less dose of radiation,thus the local control
rate will be increased and prognosis of patients will be improved. FLASH radiotherapy using ultra-
high dose rate radiation can shorten the fractional irradiation time and total treatment time ; com-
paring with conventional radiotherapy,it can avoid the decline of irradiation accuracy caused by
tissues and organs movement during irradiation. However, the protective mechanisms of FLASH
radiotherapy on normal tissues has not been fully clarified. This review summarizes the protective
effect of FLASH radiotherapy on normal tissues and related mechanisms,also discusses the its po-
tential clinical application.
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Table 1 Reduced normal tissue injury from FLASH radiotherapy with electron ray

Dose(Gy)*  Dose rate(Gy/s)” Model Assay/Endpoint Reference
10 100 Mouse Spatial memory [5]
28~34 300 Mini-pig Skin toxicity [6]
2~17 >100 Mouse DNA damage, cell senescence [7]
15~30 60 Normal mouse, mouse breast, liver,lung cancer Pulmonary fibrosis, apoptosis [8]
10~25 1.8x10° Mouse glioblastoma Neurocognition [9]
30 200,300 Normal mouse Neurocognition [10]
Notes:":dose of conventional radiotherapy;":dose rate of FLASH
Table 2 Reduced normal tissue injury from FLASH radiotherapy with proton/heavy ion

Dose(Gy)* Dose rate(Gy/s)”  Model Assay/Endpoint Reference
12~18 78 £9 Mouse pancreatic cancer Cell proliferation, fibrosis [12]
30,45 69~124 Mouse fibrosarcoma Skin toxicity, lymphedema [13]
35 57,115 Normal mouse Leg contracture, skin toxicity [14]

Note:*:dose of conventional radiotherapy;”:dose rate of FLASH
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Figure 1 Mechanisms of reduced normal tissue injury from FLASH radiotherapy
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