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Radiotherapy in Cancer Treatment

Radiotherapy is 
used to treat 

more than 50% 
of cancer 
patients

Background
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https://www.mayoclinic.org/tests-procedures/external-beam-radiation-for-prostate-cancer/about/pac-20384743



https://www.oncologysystems.com/inventory/medical-equipme
nt-for-sale/used-linear-accelerators/varian-clinac-ix-linear-acce
lerators-4/

https://www.frontiersin.org/journals/cardiovascular-medicine/articles/10.3389/fcvm.2020.00108/full

Linear Accelerators for Radiotherapy Background
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How does radiotherapy impact cancer cells? Background

How do we avoid 
adverse effects to 

healthy cells?

https://www.cancer.gov/news-events/cancer-currents-blog/2021/avasopasem-cancer-radiation-more-effective 4



Conventional Dose Rate (1 Gy/s - 1 Gy/min)

FLASH Dose Rate (>40 Gy/s)

cancer cell killing
healthy cell killing

cancer cell killing
healthy cell sparing

FLASH RT and the FLASH effect Background
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Flash Effect

Dose: 1 Gy = 1 J/kg
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FLASH Effect in Action Background

lung fibrosis with CONV but not FLASH 
(Favaudon et al 2014)

suppressed tumor growth with human 
tumors (Favaudon et al 2014)

neurocognitive effects of radiation worse 
with CONV  (Montay-Gruel et al 2019)

increased cell survival in 7 different tumor 
and healthy cell lines (Adrian et al 2021)



Possible Mechanisms for FLASH effect Background

7https://www.mdpi.com/2218-273X/12/10/1376

Transient Oxygen Depletion 
Hypothesis 

Inter-track Interactions



https://link.springer.com/chapter/10.1007/978-981-99-0313-9_19

Radioresistance with hypoxia Background
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How do oxygen conditions mediate the FLASH effect?

cell irradiations with normoxic (20% O2) and hypoxic (~4-15% O2) conditions

water irradiation and measuring hydrogen peroxide concentrations
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• Does FLASH irradiation decrease the concentration of reactive 
oxygen species in water?

• In a hypoxic environment, does FLASH irradiation contribute to 
the normal cell sparing effect?



Modified Clinac Methods

changes to the Clinac for FLASH 
irradiations

tunability and optimization of the 
machine
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controls for 
different 

energy beams

scaffold

ionization 
chamber

timer 
interface 

card



Dosimetry Methods
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films by 
increasing dose

ion chamber



CWater Radiolysis Water Irradiation
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hypoxia chamber

normoxia tubes 

CONV Irradiation SetupFLASH Irradiation Setup



https://www.degruyter.com/document/doi/10.2478/s11535-008-0021-x/html

Measuring Fluorescence Intensity Water Irradiation
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CONV samples had lower hydrogen peroxide concentrations compared to FLASH samples

Hydrogen peroxide concentrations post-irradiation Water Irradiation
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Clonogenic Assay Cell Irradiation
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Survival fraction 1 week post-irradiation Cell Irradiation

Hypoxia conditions induced a sparing effect in FLASH irradiated healthy cells
16



Oxygen conditions and the FLASH effect Conclusions

Why are these preliminary 
results important?
- testing protocol for 

creating hypoxia 
conditions

- testing assay for 
measuring hydrogen 
peroxide

- determining plating 
efficiency of cell lines 
under hypoxia

water irradiation
- define hypoxia chamber setup

- observe reactive oxygen species production with 
FLASH

cell irradiation
- test cell viability in hypoxia condition

- observe FLASH effect in healthy and cancer cells

organoid irradiation
- use patient derived healthy and tumor tissue

- observe FLASH effect in 3D model



1. Koka K, Verma A, Dwarakanath BS, Papineni RVL (2022) Technological Advancements in External Beam Radiation Therapy 
(EBRT): An Indispensable Tool for Cancer Treatment. Cancer Manag Res.14:1421-1429. https://doi.org/10.2147/CMAR.S351744

2. Lin B, Gao F, Yang Y, Wu D, Zhang Y, Feng G, Dai T and Du X (2021) FLASH Radiotherapy: History and Future. Front. Oncol. 
11:644400. doi: 10.3389/fonc.2021.644400

3. Shiraishi, Y., Matsuya, Y. & Fukunaga, H. (2024) Possible mechanisms and simulation modeling of FLASH radiotherapy. Radiol 
Phys Technol 17, 11–23 . https://doi.org/10.1007/s12194-023-00770-x

4. Favaudon V,  Caplier L, Monceau V, Pouzoulet F, Sayarath M, Fouillade C, Poupon M.F, Brito I, Hupé P, Bourhis J et al. (2014) 
Ultrahigh dose-rate FLASH irradiation increases the differential response between normal and tumor tissue in mice. Sci. Transl. 
Med. 6: 245ra93.

5. Adrian G, Konradsson E, Beyer S, Wittrup A, Butterworth KT, McMahon SJ, Ghita M, Petersson K and Ceberg C (2021) Cancer 
Cells Can Exhibit a Sparing FLASH Effect at Low Doses Under Normoxic In Vitro-Conditions. Front. Oncol. 11:686142. doi: 
10.3389/fonc.2021.686142

6. Suwa T, Kobayashi M, Nam JM. et al. (2021) Tumor microenvironment and radioresistance. Exp Mol Med 53:1029–1035. 
https://doi.org/10.1038/s12276-021-00640-9

7. Adrian G, Konradsson E, Lempart M, Bäck S, Ceberg C, Petersson K. (2020) The FLASH effect depends on oxygen concentration. 
Br J Radiol. 93(1106):20190702. doi: 10.1259/bjr.20190702.

8. Montay-Gruel P, Acharya MM, Petersson K, Alikhani L, Yakkala C, Allen BD, Ollivier J, Petit B, Jorge PG, Syage AR, Nguyen TA, 
Baddour AAD, Lu C, Singh P, Moeckli R, Bochud F, Germond JF, Froidevaux P, Bailat C, Bourhis J, Vozenin MC, Limoli CL. (2019) 
Long-term neurocognitive benefits of FLASH radiotherapy driven by reduced reactive oxygen species. Proc Natl Acad Sci U S A. 
116(22):10943-10951. doi: 10.1073/pnas.1901777116.

9. Garty, G., Obaid, R., Deoli, N. et al. (2022) Ultra-high dose rate FLASH irradiator at the radiological research accelerator facility. 
Sci Rep 12, 22149. https://doi.org/10.1038/s41598-022-19211-7

References

18

https://doi.org/10.2147/CMAR.S351744
https://doi.org/10.1007/s12194-023-00770-x
https://doi.org/10.1038/s12276-021-00640-9
https://doi.org/10.1038/s41598-022-19211-7


This material is based upon work supported by the National Science 
Foundation under Grant No. PHY-2349438.
A special thanks to Dr. Guy Garty, Dr. Yuewen Tan, and Dr. Manuela 
Buonanno for their mentorship and guidance.

Thank you to Dr. Georgia Karagiorgi, Dr. Reshmi Mukherjee, and Amy 
Garwood for organizing the REU program.

Acknowledgements

19


