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Lausanne University Hospital (CHUV)
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Time dependence of 

pulmonary fibrosis in 

C57BL/6J mice

~70% protection
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5965780/fig

ure/f2/

MD Anderson 

FLASH History

1959: Oxygen 
Effect Reduction:  

Dewey and Boag 
noted reduced 
oxygen effect in 
bacteria during 
pulsed e- beams

1971: High 
Dose Rate RT 
causes Hypoxia:

Hornsey and 
Bewley showed 
evidence that 
high dose rate 
(6krads/min) 
electron beams 
induces hypoxia

2014: FLASH is 
reborn:

Favaudon et al 
published report 
on differential 
response to 
FLASH (≥ 40 
Gy/sec) between 
normal and 
tumor tissue in 
mice
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Oxygen Effect

1968 

FLASH Photon: One small step for Physics, One huge leap for cancer therapy

MD Anderson 
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1968
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Survival 

increases with 

dose rate and 

decreasing O2

Doserate

Protection

MD Anderson 

Requirements to see FLASH Effect
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FLASH RT Spares Lung and is Toxic to Tumors!
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FLASH vs CONV in Orthotopic Lung Tumor 

Model
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Evolution of TC-1 

Luc+ orthotopic

lung tumors after 

CONV (4.5 MeV e-

0.03 Gy/s) versus 

FLASH (4.5 MeV 

e- 60 Gy/s)

irradiation.

MD Anderson 

FLASH vs CONV in Orthotopic Lung Tumor 

Model
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Evolution of TC-1 

Luc+ orthotopic

lung tumors after 

CONV (4.5 MeV e-

0.03 Gy/s) versus 

FLASH (4.5 MeV 

e- 60 Gy/s)

irradiation.

0 Gy
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FLASH RT Spares Memory!
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TLD 

Measurements
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Measurements
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Phase I FLASH RT Cat Dose Escalation Trial
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MD Anderson 

6 cats with SCC of nasal 

planum (stage 4-T2, 2-T3, 

25-41 Gy)

Dosimetry:

TLDs or alanine pellets 

for dosimetry
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FLASH RT Spares Pig Skin 
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FLASH RT Spares Pig Skin 

L0= depilation 

R=regrowth
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FLASH RT Spares Pig Skin 

L0= depilation 

R=regrowth
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Regrowth!

MD Anderson 

Oriatron
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Beam Monitoring System for Oriatron
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FLASH and Conv Output Drift in Oriation
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• EBT3 Gafchromic 

• Advanced Markus  plane parallel chamber (PTW)

• TLDs

Dosimetry for Oriatron

FLASH Photon: One small step for Physics, One huge leap for cancer therapy

MD Anderson 

“No energy dependence of EBT3 

between 4-12 MeV between 0.25-

30 Gy”

Doserate Independence of EBT3 
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FLASH Requires Unique Dosimetry
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MD Anderson 

Kpol increases with 

grid tension and DPP 
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MD Anderson 

FLASH at Stanford
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MD Anderson 

FLASH at MD Anderson on Non-Clinical Linac

FLASH Photon: One small step for Physics, One huge leap for cancer therapy

Funded by internal 

Rad Onc grant
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MD Anderson 

Tuned 20 MeV board
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Monitor Chamber Holder
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MD Anderson 

FLASH MD Anderson Beam Profiles
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FLASH at MD Anderson 
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MD Anderson 

40 – 60 Gy/sec Not Protective
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submitted
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http://clincancerres.aacrjournals.org/content/25/1/3

http://clincancerres.aacrjournals.org/content/25/1/3


7/16/2019

15

MD Anderson 

What Mediates FLASH?
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Mechanism of Action
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Mechanism of Action
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1. Spitz et al. suspect that FLASH may convert all 

endogenous oxygen into ROOH in all tissues, but 

this gets handled preferentially by normal cells with 

better antioxidant pathways.

2. Vozenin et al. have suggested that transient hypoxia 

initiated by FLASH causing bursts of free radicals 

trapping oxygen and conferring radioresistance, 

differential oxygen tensions between normal and 

tumor cells and differences in DNA damage created 

by FLASH (less clustered DNA damage than CONV).

Potential Mechanisms of Action

FLASH Photon: One small step for Physics, One huge leap for cancer therapy

MD Anderson 

• Few systems available to deliver FLASH (eRT6 Oriatron)

• Treating deep tumors would require FLASH-VHEE (Very high 

energy electrons), FLASH-X-Ray or FLASH-Protons (explained 

later by Dr. Lei Dong)

• Very little data on FLASH multi-fraction treatments

• Sophisticated dose monitoring for delivery of FLASH similar to 

those in high energy physics labs is needed

• Patient safety

Challenges with Clinical Translation of FLASH

FLASH Photon: One small step for Physics, One huge leap for cancer therapy

MD Anderson 

FLASH Benefits

FLASH Photon: One small step for Physics, One huge leap for cancer therapy



7/16/2019

17

MD Anderson 

FLASH Benefits
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MD Anderson 

• FLASH could make motion management obsolete

• FLASH treatment times are economically and 

logistically beneficial to clinics

• Reduced number of overall fractions necessary due 

to FLASH could provide better quality of life for 

patients

Conclusions

FLASH Photon: One small step for Physics, One huge leap for cancer therapy
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1. When did the first report of ultra-high dose rates of 

electron radiotherapy causing hypoxia in normal 

tissue get published?

a. 1980s

b. 1990s

c. 2010s

d. 1970s

Questions:

FLASH Photon: One small step for Physics, One huge leap for cancer therapy

MD Anderson 

Answer: d. 1970s

Hornsey S, Bewley DK. Hypoxia in mouse intestine 

induced by electron irradiation at high dose-rates. Int 

J Radiat Biol Relat Stud Phys Chem Med 

1971;19(5):479-483.

Answer

FLASH Photon: One small step for Physics, One huge leap for cancer therapy
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2. What are some of the proposed mechanisms of action to explain the 

protective effect conferred to normal tissues by FLASH-RT from the 

Vozenin team?

a. FLASH-RT potentially causes rapid, transient radiation-induced hypoxia.

b. FLASH-RT preferentially spares normal tissues due to the differential 

oxygen tensions between tumor and normal tissues.

c. FLASH-RT causes an instantaneous larger cascade of reactive species 

than conventional radiation which is metabolized more efficiently in normal 

tissues with lower pro-oxidant burdens than tumors.

d. All of the above

e. None of the above

Questions:

FLASH Photon: One small step for Physics, One huge leap for cancer therapy

MD Anderson 

Answer: d. FLASH-RT causes an instantaneous larger 

cascade of reactive species than conventional 

radiation which is metabolized more efficiently in 

normal tissues with lower pro-oxidant burdens than 

tumors.

Vozenin M –C, Hendry JH, Limoli CL. Biological 

benefits of ultra-high dose rate FLASH radiotherapy: 

sleeping beauty awoken. Clin Onc 2019: (19)30151-7.

Answer: 

FLASH Photon: One small step for Physics, One huge leap for cancer therapy

MD Anderson 

3. Which dosimeters were utilized to confirm FLASH-RT 

dosimetry by Vozenin et al?

a. Thermoluminescent dosimeters

b. EBT3 Gafchromic film

c. Alanine pellets

d. A and B

e. B and C

f. All of the above

Questions:

FLASH Photon: One small step for Physics, One huge leap for cancer therapy
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Answer: f. (all of the above)

Vozenin M –C, Hendry JH, Limoli CL. Biological benefits of ultra-

high dose rate FLASH radiotherapy: sleeping beauty awoken. 

Clin Onc 2019: (19)30151-7.

Favaudon V, Caplier L, Monceau V et al. Ultrahigh dose-rate 

FLASH irradiation increases the differential response between 

normal and tumor tissue in mice. Sci Transl Med 2014: 6 (245) 1-

9.

Vozenin M-C, De Fornel P, Petersson K et al. The advantage of 

FLASH radiotherapy confirmed in mini-pig and cat-cancer 

patients. Clin Canc Res 2019: 25:35-42.

Answer:

FLASH Photon: One small step for Physics, One huge leap for cancer therapy
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Ks vs DPP
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