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Conventional Flash 

FLASH-RT in short: Irradiation at ultra high dose-rate  
increases the differential response between normal and 
tumour tissue
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My name is Claude and I am a radiometrologist…

Who can’t predict the weather



Metrology is the science of measurement

Measurement requires common knowledge

Need to share a common perception of what is meant 
by expressions such as meter, kilogram, liter, watt, 
etc. 

Confidence is vital in enabling metrology to link 
human activities together across geographic and 
professional boundaries. 



Metrology is the science of measurement
 SI



Metrology covers three main tasks:
1.The definition of internationally accepted units of 

measurement, 
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Metrology covers three main tasks:

1.The definition of internationally accepted units of 
measurement, 
the meter.

2.The realization of units of measurement by scientific 
methods, 
the realization of a meter through the use of laser beams.

 Primary measurements (another subject by itself!)



Metrology covers three main tasks:

1.The definition of internationally accepted units of 
measurement, 

2.The realization of units of measurement by 
scientific methods, 

3.The establishment of traceability chains in 
documenting the accuracy of a measurement, 



And then comes the BIPM …. The umbrella 
organization!

NMI

NMI
NMI

BIPM: bureau international des poids et mesures

http://media.maginea.com/m2/products/00/00/80/16/M20000801679_2.jpg
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History of FLASH radiotherapy (FLASH-RT)?

1970s

1st observation

Clinical transfer

Now and behond

 TIMELINE
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eRT6



• 4-6 MeV electron beam

• Pulsed e-beam of  high intensity with some flexible parameters

eRT6



eRT6: pulsed 6 MeV e-beam of high intensity with some
flexible parameters
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Flash parameters vs conventional

EFFECT NO EFFECT

Time to deliver 20Gy ~200 ms (µs) ~500 sec (8 min)



Flash parameters vs conventional

EFFECT NO EFFECT

Time to deliver 20Gy ~200 ms (µs) ~500 sec (8 min)WHAT DOES IT MEAN?



Tumor growth: 10 Mio cells engrafted in mice

No clear difference



X-ray (n=5)

Control (n=11)

1 Pulse (n=10) 

0.1Gy/s (n=9)

No difference in survival

Mice survival: Glioblastoma; 15 Gy WBI
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Clear difference!



Survival is the same using Flash-RT or conventional RT, 
BUT cognitive abilities are preserved. 



Treatment of Cats patient using Flash-RT
- Good tolerance of Flash-RT 

(single dose ~30 Gy)

- Only mild acute reactions

- Irreversible alopecia

- Percentage Survival fraction of 84% 
at 1 year

MC Vozenin, P De Fornel, K Petersson, V Favaudon, M Jaccard, JF Germond, B Petit, M Burki, 
G Ferrand, D Patin, H Bouchaab, M Ozsahin, F Bochud, C Bailat, P Devauchelle and J Bourhis,
“The Advantage of Flash Radiotherapy Confirmed in Mini-Pig and Cat-Cancer Patients.” , Clinical
Cancer Research 2018
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FLASH effects found in 
mini-pig
Conventional irradiation induces 
necrosis at same dose. 

MC Vozenin, P De Fornel, K Petersson, V Favaudon, M Jaccard, JF Germond, B Petit, M Burki, 
G Ferrand, D Patin, H Bouchaab, M Ozsahin, F Bochud, C Bailat, P Devauchelle and J Bourhis,
“The Advantage of Flash Radiotherapy Confirmed in Mini-Pig and Cat-Cancer Patients.” , Clinical
Cancer Research 2018



Introduction – FLASH-RT

Vozenin et al (2018) 

FLASHConv.

Differential response between normal and
tumour tissue increased at ultra-high dose-
rates :

• Healthy tissue protection compared to conv. RT
• Equivalent tumor control than in conv. RT

Short treatment time also offers motion
management and an increased patient
comfort.

First patient treated in 2018 (CD30+ T-cell
cutaneous lymphoma).
J. Bourhis et al (2019)

28 Gy

31 Gy

34 Gy

Dose [Gy]

~ 6 min.           < 100 ms
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Time

How do you compare 2 experiments in time and space

How do you repeat an experiment

How do you guarantee prescribed dose
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The narrative is set after the facts….. We had 
to work in the dark for some years……

First some pre-clinical irradiation examples



Dosimeters positioning Patient positioning

14 months post-RT
Vozenin et al. 2018

34 Gy single fraction
RT FLASH

Dosimetry for Cats – Phase 3 randomized trial



Beam characterization

Dose profile (at prescription depth)
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Jorge et al (2019) 



Mice total body irradiations (TBI) 
Dosimetric preparation performed using TLD and water (~mice) inside the
box.

Prescribed
dose [Gy]

Delivery time
[ms]

R

4 20 0.96



Mice total body irradiations (TBI) 
Dosimetric validation performed using TLD and MOUSE inside the box.

Prescribed
dose [Gy]

Depth [cm]

8 1.5



TLD in mouse brain

•Prescribed dose: 10 Gy
 10 Gy in the central part

• Sligthly less on the sides

• Similar values in both modes

5.6 MGy/s

0.1 Gy/s



View from the exit 
of the accelerator

Dosimetric preparation performed with a 
alanine pellets at the surface of a solid 
water phantom.

Prescribed
dose [Gy]

Delivery 
time [ms]

R

28 90 1.079

Treatment plan

Mini-pig



Dosimetric preparation performed with a wrapped 
TLD inside the 2ml Eppendorf tube.

Prescribed
dose [Gy]

Delivery 
time [ms]

R

8 0.002 1.039

Zebrafish embryos



The dosimetry relies on adequate detectors and 
traceability. 
Adequate  ~5 % uncertainty
Traceability  if one wants to compare across users 
and/or sites

How is the traceability chain from primary to 
absorbed dose to water for a specific organ in 
external beam radiotherapy?



~6 steps of the traceability chain 

traceability chain for external beam radiotherapy



1) Primary standard

Water calorimeter for example

Cont.
High 

energy 
XR

High 
energy 

electrons

Brachy
therapy

1 0.9 % 1.0 % 1.6 %

2 1.1 % 1.4 % 1.4 %

3 1.7 % 1.4 % 1.7 %

4 2.9 % n.a. n.a.

5 3.0 % 2.1 % 11.5 %

6 2.0 % n.a. n.a.

Total 5.0 % 3.1 % 12 %



1) Primary standard
2) Secondary standard

Local reference conditions

xPt réf
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4 2.9 % n.a. n.a.

5 3.0 % 2.1 % 11.5 %

6 2.0 % n.a. n.a.

Total 5.0 % 3.1 % 12 %



Cont.
High 

energy 
XR

High 
energy 

electrons

Brachy
therapy

1 0.9 % 1.0 % 1.6 %

2 1.1 % 1.4 % 1.4 %

3 1.7 % 1.4 % 1.7 %

4 2.9 % n.a. n.a.

5 3.0 % 2.1 % 11.5 %

6 2.0 % n.a. n.a.

Total 5.0 % 3.1 % 12 %

1) Primary standard
2) Secondary standard
3) Local conditions

For example: 
Depth use of percentage dose depth curves (PDD); 
Energy beam quality correction factor (NQ)



Cont.
High 

energy 
XR

High 
energy 

electrons

Brachy
therapy

1 0.9 % 1.0 % 1.6 %

2 1.1 % 1.4 % 1.4 %

3 1.7 % 1.4 % 1.7 %

4 2.9 % n.a. n.a.

5 3.0 % 2.1 % 11.5 %

6 2.0 % n.a. n.a.

Total 5.0 % 3.1 % 12 %

1) Primary standard
2) Secondary standard
3) Local conditions
………….



 Uncertainty budget
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Total 5.0 % 3.1 % 12 %

Primary standard

Water calorimeter



 Uncertainty budget

Cont.
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5 3.0 % 2.1 % 11.5 %

6 2.0 % n.a. n.a.

Total 5.0 % 3.1 % 12 %

Primary standard

Water calorimeter



• Reliable

• Accurate

• Reproducible vs time

REPEATABILITY

TRACEABILITY

STABILITY

Our Goals for a safe use of 
FLASH-RT:
Ensure a reliable and accurate
dose delivery



REPEATABILITY TRACEABILITY
STABILITY

RELATIVE DOSIMETRY
• Time resolution
• Response to beam parameters
• Energy response 

RELATIVE STABILITY

• short (minutes) 
• medium (hours) 
• long (days)

ABSOLUTE DOSIMETRY:
Calibration traceable to 
international standards 
(primary meas., NMI).

BEAM

MEASUREMENT



• Reliable

• Accurate

• Reproducible vs time

TRACEABILITY

Ensure a reliable and accurate
dose delivery

 Agreement accross various locations
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• Beam is not standard (dose rate, field size, …) 
 no primary standard, no commissioning 

protocol, etc etc etc!!!

• Need to adapt our methodology established using 
conventional LINACs. 



Five different dosimeters:
• Films
• Ionization chamber
• Thermoluminescent dosimeter (TLD)
• Methyl viologen
• Alanine

c c

http://upload.wikimedia.org/wikipedia/commons/7/73/Paraquat.svg
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Five different dosimeters:
• Films
• Ionization chamber
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Redundancy of dosimetric measurements  traceability

Agreement within 3 % for FLASH and within 2 % for CONV
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Dose-rate independent
• Radiochromic films

• TLD

• Alanine
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Jorge et al, Radiother. Oncol. 
(2019) 

Dose-rate dependent

• Ionization chambers

• Advanced Markus

Petersson et al, Med. Phys.
(2017) 

High dose-per-pulse → Saturation



• Reliable

• Accurate

• Reproducible vs time

REPEATABILITY

STABILITY

Our Goals for a safe use of 
FLASH-RT:
Ensure a reliable and accurate
dose delivery



Dosimetric procedure for UHDR-RT
Procedure developed for three setups :

a) PMMA box (mice)

b) Water Tank (zebrafish)

c) Collimator (mini-pig)

Differences between setups :

• Depth
• SSD
• Collimators
• Surrounding matter
• Field size

Out of reference 
conditions

Jorge et al, Radiother. Oncol. (2019) 
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• Our framework suffers from a major drawback:
• We are monitoring the beam before and after irradiation, but not during!!!

• We insure an adequate beam output repeatability, but still, s… happens!

• On conventional LINACS: semi-transparent ionization chamber
•  for FLASH…. Saturation  non linearity

… and now what??



• Beam monitored by measuring the charge/current

• Two AC Current Transformers (ACCT):
• CONV - 10 mA full scale
• UHDR - 300 mA full scale



General strategy we adopted (recipe for non-disaster)

• Listen to users (especially if there are not physicists….)

• Take your validated tools

• Move stepwise away from reference conditions and document

• Use redundant techniques

• Use various detecting principles

• Move one parameter at a time and document



METROLOGY means traceability

How do we build a chain of traceability?

Traceability refers to an unbroken chain of
comparisons relating an instrument's
measurements to a known standard.



…backward in fact

METROLOGY means traceability

How do we build a chain of traceability?

Traceability refers to an unbroken chain of
comparisons relating an instrument's
measurements to a known standard.



Building a chain of traceability

Highest level
of accuracy

Lowest level
of accuracy



Building a chain of traceability

Highest level
of accuracy

Lowest level
of accuracy

Preclinical
FLASH-RT



Building a chain of traceability

Highest level
of accuracy

Lowest level
of accuracy U = ?

Preclinical
FLASH-RT

Needs to set this value 
pragmatically

(level of the investigated effect, 
tools, time, …)



Building a chain of traceability

Highest level
of accuracy

Lowest level
of accuracy U about  5 %

Preclinical
FLASH-RT



Building a chain of traceability

Highest level
of accuracy

Lowest level
of accuracy U ~ 5-10 % Preclinical

FLASH-RT

Calibration lab, 
NMI, …

U ~ 2-3 %

SIR

?
UHDpulse



Now what….

Radiometrologists are still improving dosimetry (UHDpulse project)

Radiobiologists are still designing experiments to test FLASH effects in various 
locations

Radiochemists and physicists are designing experiments to understand the FLASH 
effect 

Beam physicists are designing new irradiation facilities

Physicists are designing detectors

And companies are writing patents to make money….. 



Conventional dose rate RT FLASH-RT

Whole Brain Irradiation (WBI)
Conventional dose rate RT vs. FLASH-RT

Dose delivered in minutes Dose delivered in about 0.1 seconds

Flash is really a flash









Questions?
THANK YOU FOR YOUR ATTENTION
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