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Overview
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FLASH Radiotherapy (FLASH-RT)

TCP: Tumor Control Probability
NTCP: Normal Tissue Complication Probability 

Wilson J D. et al, 2020

Pulsed FLASH-RT delivery parameters

Increased 
therapeutic

window
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Oxygen Effects 

Oxygen Enhancement Ratio
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Oxygen Depletion 

Wilson et al, 2020
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FLASH-RT & Geant4-DNA

Geant4-DNA simulation (pre-chemical and chemical stages):

1. interaction of water radicals induced by particle irradiation

2. radiolytic production of reactive oxygen species (ROS) 

3. G-values of different chemical species. 

&

Post processing:

1. Calculation of Oxygen consumption

2. OER-weighted dose calculation under dynamic 

oxygenation

To evaluate the effect of oxygen in FLASH irradiation, the result of Geant4-DNA simulation  compared with the TRAX-CHEM code
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Geometry & Methodology 
Geant4-DNA-SCAVENGER example

Ø Calculating of G-value of radiochemical species at different oxygen concentrations (1ps-1µs)
through SCAVENGER example.

Ø A scavenger is a chemical substance added to a mixture in 
order to remove or deactivate impurities and unwanted 
reaction products.

Ø In this simulation, dissolved molecular oxygen is defined as a scavenger.

Ø Monoenergetic point source beams of
electron (1 MeV), proton (90 MeV)

Geant4-DNA collaboration web site; http://geant4-dna.org

Geant4 11.1/source/examples/extended/medical/dna/Scavenger
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Ratio of OER-weighted dose of Flash vs. conventional 
dose rate

Parametrization of OER 
proposed by Grimes and 
Partridge:

Grimes DR, Partridge M 2015
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Conclusion 

1. Using Geant4-DNA and OER factor, specifically for low LET radiation, we
have shown that oxygen depletion is not observed in the range of clinical
doses and complete depletion is not supported by the calculation model
implemented in this work.

2. The sparing effect of Flash irradiation is more important in tumor tissue than in
normal tissue. (The results are consistent with the results obtained from TRAX-
CHEM code.)

3. Although Geant4-DNA toolkit, as one of the Monte Carlo track structure codes,
is suited for this class of simulation, further improvements are needed in the
physico-chemical and chemical stages.
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