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Lausanne University Hospital (CHUV)
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FLASH History
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Requirements to see FLASH Effect

Tahle 2
Parameters with which the FLASH effect has been observed at the CHUV

Maodel Devices Volume Duration of Do delivered ~ Mean dose.

Dose ate within
(ml) radistherpy (ms)  (Cy) rate(Gys)  the pulse (Cyls)

Mice, zbefish  Onitron (eRTS) <2 < -8 >0 18 % 10°

Pigieats Oriatron (eRTE) <12 < Upto 4t -0 s

Pig Oriarron (eRTE) 100 < 3 160 08« 1t

M- Vozenin et ol / Clinical Oncology 31 (2019) 407415
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FLASH RT Spares Lung and is Toxic to Tumors!

RADIATION TOXICITY
Ultrahigh dose-rate FLASH irradiation increases
the differential response between normal

and tumor tissue in mice

Vincent Favaudon,'** Laura Caplier,”" Virginie Monceau,** Frédéric Pouzoulet, "™
Mana Saysrath, "™ Charles Fouillade,' Marie-France Poupon, '

Isabel Brito,"” Philippe Hupé,*”** Jean Bourhis.**'® Janct Hall,'*
Jean-Jacques Fontaine," Marie-Catherine Vozenin™*'*""
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FLASH vs CONV in Orthotopic Lung Tumor
Model
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Luc+ orthotopic
lung tumors after
CONV (4.5 MeV e- Dew
0.03 Gy/s) versus
FLASH (4.5 MeV/
e- 60 Gyl/s)
irradiation.
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FLASH vs CONV in Orthotopic Lung Tumor
Model

2.6y FLASH
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FLASH RT Spares Memory!
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Irradiation in a flash: Unique sparing of memory in mice after whole  (ff)cous
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Phase | FLASH RT Cat Dose Escalation Trial

Published OnineF¥st June §, 2018; DOF 10 1158/1078.-0432 CCR-17-3375

Clinical
Cancer
Research

TheA f FLASH i C

in Mini-pig and Cat-cancer Patients
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| E
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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

FLASH RT ~
300 Gy/sec

Gafchromic
EBT3 and
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pellets for
dosimetry
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FLASH RT Spares Pig Skin

The Aduantage of Flash Radiotherapy
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FLASH RT Spares Pig Skin

The Advantage of Fiash Radiotherapy
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Tagre | Parameter definitions and cormesponding dose-mates (at a $SD of

1 mand at the depth of dose maximum in water) of the Flash and Cony func-

tioning modes of the eRTE.
Flash Cony

6T (V) 300 100

w (ps) 22 10

f(Hz) 200 10

B, (Gyk) 200 005

B, (Gyis) 4.5 x 10° 49 x 10°

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

Beam Monitoring System for Oriatron
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FLASH and Conv Output Drift in Oriation
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Dosimetry for Oriatron

- EBT3 Gafchromic
- Advanced Markus plane parallel chamber (PTW)
- TLDs
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Doserate Independence of EBT3
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FLASH Requires Unique Dosimetry

High dose-per-pulse electron beam dosimetry — A model to correct for the

ion ion in the A Markus i

Keistoffer Petersson,” Maud Ja
Frangois Bochud
CHUV, Institus de Radiophysique. Rue du Grand-Prd |, CH.1007 Lausanne, Swiczerland

Jean Bourhis and Marie-Catherine Vozenin
HUV, Service de Radio-Oncologie, Rue du Bugnon 46, CH - 1011 Lasanne, Switzerland

Claude Baltat
CHUV, Instivu de Radiophysique, Rue i Grand.Pré 1, CH. 1007 Lawusanne. Switceriand

card, Jean-Francols Germond, Thierry Buchillier, and
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Table 1 Dose rates mnd field dimensions

Field diameter (rm)

dose rate
Position Average dose rate (Ciyls) (ayis’ 0% 0%

Ton chamber

5MeV HDTSE (400 nA)' T4 £ 066 2,000 £ 730 96£023 36 & 035

20 MeV (110 nA) 2 +024 25,000 + 260 1 +05s1 33 + 017
Mirror

9 MeV HDTSE (400 nA) 15 +0.54 17,000 + 600 9 +12 T+

20 MeV (110 nA) 544004 5000 £ 48 4614 65 & 0.40
Tnner Jaws

9 MeV HDTSE (400 nA) 5.5 + 0085 100 £ 95 RLE N

20 MeV (110 nA) 1.8 & 0.026 2000 £29 B E20

Apfreviaiion HDTSE — high dooc total skin clectron.
Measured dos rites and field dimensions a1 L-am depth a1 the position of the ion < hamber, misor, md innes jaws, The highest dose rates were found at

the on chamber using 9-MeV HDTSE (400 A average current), Decreased dose rates and inereased

(rmiree and ines jaws).

* Instartaneous dose rite deterrrined from mezsured average duos rate with -5 puloe length (130 Hz)

! Average currenl
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FLASH at MD

field sizes were found at the more distant levels

Anderson on Non-Clinical Linac

Funded by internal
Rad Onc grant
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Tuned 20 MeV board
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Monitor Chamber Holder

Holder for A16 as Monitor chamber:
= — dem =

Top-View

e —acn
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FLASH MD Anderson Beam Profiles
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FLASH at MD Anderson

FLASH Output Variation

Tee .. ¢
S P Yoy FilmMeas | TLD Report | FilmTLD
= * 14307 1428
| 9939 | 964
14129 1352.5
! 10 1
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40 - 60 Gy/sec Not Protective
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What Mediates FLASH?

gure 1 Shology-draven srateqy apeutic g5
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Mechanism of Action

Original Aticle

An integrated physico-chemical approach for explaining the differential
impact of FLASH versus conventional dose rate irradiation on cancer and
normal tissue responses

Douglas R. Spitz**, Garry R. Buettner *, Michael 5. Petranek *, Joé J. St-Aubin %, Ryan T. Flynn %,
Timathy |. Waldron *, Charles L Limoli”

cicnn Mgy P Grparenen of Badaren Crstey. e atesl Mrbolem nd Inapag. Progam, Hedien ComprrseTie e
e e, e Cpanuneof et Cheoigy, s arrsy of o, inine Lseed st
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Mechanism of Action

Flash Putse Conventional Putee
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Potential Mechanisms of Action

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).
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Challenges with Clinical Translation of FLASH

+ 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
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FLASH Benefits

Tabde
0 o studies of FLASH response S varicus nomal tissues

Dose (Gy)  conventional FLASH dose Dose modiying System Anaesthetic ssay Reference

done rates rate (Gyfs) _factoe

Normal tsues

19 s Mouse intestine. Nemhutal Lsas |

147 70210 143124 Mouse intestine 7 st 14

X 68 14 Mouse oeskin. Sodium amytl  Earlyand bte (4]
reactions

0 -0 136 Mouse tal skin None Necrosis NDSO |

n-u 3o 136 Minipigand  General anasthesa

sk
157 40 15 Mouse ling Keamine/ylasine/

acey
0 10t 14 Mouse beain Toflirane

Montay-Gruel
eral (in revisin)

M.-C. Vozenin et al. / Clinical Oncolagy 31 (2019) 407415
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FLASH Benefits

Tabde 1

0 o studies of FLASH response S varicus nomal tissues

Dose (Gy) at conventional FLASH dosell Dose modiying. [fystem Anaesthetic Assay Reference

done rates ate (Gyfs) | factoe

Normal tsues

5 s fus prouse incestine Nembusat Lsas

147 70210 f113-124  [Mouse incestine 7 usass 14

x -8 f14 Prouse foce skin Sodiumamytal  Eariyandute (4]

w0 - fi3s prouse i skin - None rosis NDSO

n-u 300 136 Pinipig and  General anaesthesia Early and lte |1

547 40 15 prouse ing.  Kecamice xytasine/  Faxosis

acepromazine

0 [CRT pouse ban 1ofhurane Mermary 10
Montay-Gruel
eral (in revisin)

M.-C. Vozenin et al. { Clinical Oncology 31 (2019) 407415
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Conclusions

+ 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
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Cancer Breakthroughs 2020

comprehensive cancer collabagative ushering in a new paradigm in cancer care.
5

It's time to start believing in a cure.

yoport commubfS/1JAN201T jog
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It Takes a Village:

+ Ram Sadagopan, MS

+ Ramesh Tailor, PhD
« Michael Gillin, PhD

« Peter Balter, PhD

+ Steven Lin, MD
* Sunil Krishnan, MD

« Jessica Symons, BS

+« Amrish Sharma, MD

+ Bhanu Venkatesulu, PhD
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Questions:

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
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Answer

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.
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Questions:

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.

b.

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

FLASH-RT preferentially spares normal tissues due to the differential
oxygen tensions between tumor and normal tissues.

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.

All of the above
None of the above
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Answer:

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.
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Questions:

3. Which dosimeters were utilized to confirm FLASH-RT
dosimetry by Vozenin et al?

a
b.

C.

a

@

Thermoluminescent dosimeters
EBT3 Gafchromic film

Alanine pellets

Aand B

BandC

All of the above

7/16/2019
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Answer:

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.
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3. Harrington KJ. Ultrahigh dose-rate radiotherapy: next steps for FLASH-RT. Clin Canc Res 2019;25:3-5.
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