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What’s the fuzz all about?

• Introduction of high energy photons

• Introduction of CT and dose calculation

• Introduction of IMRT

• Introduction of IGRT, SBRT, ART, …

• Introduction of protontherapy

• Introduction of MRI-linac

• Introduction of PET-linac

• …

• Incremental steps … evolution …
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Definition of FLASH

• Oxford Dictionary:

“to shine in a bright but brief way”
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• Radiobiology: “Flash”

• Physics: “Ultra-High Dose Rate”



What’s the fuzz all about?
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What’s the fuzz all about?

• “Remarkable healthy-
tissue sparing properties
without impacting the
overall treatment 
efficacy …

• … in a number of pre-
clinical studies”

- Differential effects between
normal and tumour tissue

- Increase dose without 
further harming
surrounding healthy tissue
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Is it new?

• Normal tissue sparing by “FLASH”
(the term was coined by Favaudon et al.)
had already been described in … 1966!

- Hornsey S, Alper T. Unexpected dose-rate effect in the killing of mice by radiation. 
Nature, 1966; 210: 212-213.
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It’s all about dose rate
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It’s all about dose rate … not dose
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…



… but it’s more complicated …
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Challenges: Delivery

• Photons, protons, electrons?

• 1 beam, multiple beams, spot scanning, …
…, rotational, non-coplanar, IOeRT ?

• Trade off:
- dose rate versus plan conformality?

• Total dose, fractionation, dose per fraction?

• Motion management, IGRT:
- “freeze the anatomy”?

• Reproducibility?????

• Dose calculation and Treatment Planning System

• Beam monitoring and control!!!!
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Challenges: Delivery
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Challenges: Delivery

• Proton experiments: IBA

• Proton experiments: Varian

Institute Curie – France UPENN - USA UMCG – The Netherlands
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Question:
How to define UHDR in 
spot scanning delivery?



Challenges: Delivery
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Challenges: Delivery

• Collaboration Iridium/UA – SIT on pre-clinical research
- ElectronFLASH: prototype serial number 2

- Real-time control of energy  & output

- 5, 7, 9, 10, 12 MeV Electrons

- Average dose rate: 0.005 – 10,000 Gy/s

- Pulse heigth (Dose Per Pulse): up to 40 Gy/pulse

- Pulse width: 0.5 – 4.0 𝛍s

- Pulse Rate Frequency: 1- 350 Hz
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Challenges: Physics

• Dose measurement (ultra high dose per pulse)?
▪ Ion chambers: the golden standard????

▪ Radiographic film: the current standard????

▪ Alanine

▪ Scintilators

▪ Ultra thin ionization chambers

▪ microDiamond

▪ 2D OSL

▪ …

• Traceability!!!

• Real-time output and energy monitoring?

• Dose calculation?

• Motion management (freeze the anatomy …): IGRT!!!
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• Primary Standard Dosimetry Laboratories

• Infrastructure for QA

• International standards, and Codes of Practice

Dose traceability

• Accurate and precise

• Reproducible

• AAPM ESTRO EFOMP Task group 359

• Codes of Practice ( guidelines AAPM, ESTRO, IAEA)

Absolute dosimetry

• Output and energy stability

• Treatment interruption and restart

• Patient positioning, IGRT (freeze the anatomy), modulation

Beam monitoring

• Machine independent QA

• Machine validation for FLASH effect

• Pre-treatment and in vivo dosimetry

QA for clinical trials
The more rigorously we test early 

phase trials, the more success we can 

expect later with larger, multi-

institutional trials.

Challenges: Physics
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An example: absolute dosimetry



An example: absolute dosimetry

• The basics … ks - kpol
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An example: absolute dosimetry

• Dose Rate (DR): 1.0 – 24.0 Gy/min

• Pulse Rate Frequency (PRF): 200 – 400 Hz

• Dose/pulse (DR[Gy/sec]/PRF):

- ~ 0.0004 – 0.002 Gy/p

- Varian TB 6FFF: 0.00065 Gy/p

- Varian TB 10FFF: 0.00111 Gy/p

• Dose Rate (DR): 2.0 – 20 Gy/min

• Pulse Rate Frequency (PRF): 5 – 40 Hz

• Dose/pulse:

- ~ 0.004 - 0.050 Gy/p
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An example: absolute dosimetry

Liac HWL
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Only 0.05 Gy/p!!!

What about 40 Gy/p???



An example: absolute dosimetry

• Recombination effect … and … self shielding

Di Martino et al Phys Medica 2022 (subm)
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An example: absolute dosimetry

• Recombination effect … and … self shielding:
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Gomez Rodriguez F et al Med Phys 2022

Ultra-Thin IC ALLS, nobel gas IC

Di Martino F et al Physica Medica 2022 (subm)



An example: absolute dosimetry

• From microDiamond towards FLASH Diamond

DrR: Dosimeter reading Ratio
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Di Martino et al Appl Sci 2020

Marinelli et al Med Phys 2022



TG359
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International collaborations



Challenges: Radiobiology

• Understanding the underlying mechanism

- Hypoxia: radiochemical depletion of oxygen making normal 
tissue hypoxic?

▪ Doubling oxygen concentration seems to reverse FLASH effect 
(Neurocognitive experiment, Montey-Gruel et al.)

- Modulation of inflamatory cytokines?

- Differential immunological responses between tumour and 
normal tissues?

- Are the above downstream effects or independent
mechanisms?

- What about late effects?

- Controled studies – independent verification?
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Hypotheses In support Against NT vs. Tumor

O2 depletion
Loss of FLASH effect with increased 

O2 tension
Models of O2 depletion

Models of O2 depletion.
Differential O2 tension between 

tumor and NT

ROS production (quantity or 
nature)

Measurements of H2O2 production
ROS production depends on the 

physical absorbed dose (?)
Differential scavenging capacities of 

NT vs tumor

Other radiation induced –tress 
/ metabolic pathway (NOS, 

Fe…)
Models - Differential stress response

DNA damage, cell cycle
Less DSB observed after FLASH Direct DNA damage depends on 

physical absorbed dose (?)
Inefficacious DDR in tumor cells

Lipid peroxidation
Pilot experiments (unpublished 

data)
-

Differential lipidic membrane 
composition, structure, plasticity

Stem Cell pool
Numerous data in favor of a stem 

cell hypothesis
Cannot be a primary hypothesis

Tumor stem cells
Nature of NT stem cells vs TSCs

Differential cell death
Numerous data in favor of a cell 

death hypothesis (apoptosis, 
senescence…)

Cannot be a primary hypothesis Differential cell death pathways 
between NT and tumors

Vascular system Data on the brain and tumor vasc Cannot be a primary hypothesis
Nature and morphology of the NT vs. 

tumor vasculature

Immune system
Differential inflammatory response
Time of exposure to immune cells

FLASH effect observed in 
immunocompromised animals

Differential immune response in NT 
and tumor tissues

Some hypotheses … so far
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Early results

• Pre-clinical
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Institut Curie: Kinetron

Mean Dose Rate: 0.01 – 7500 Gy/s



Early results

10 Gy in less than 100 ms – 6 MeV electrons

• Preservation of 

memory and learning

skills

• Preservation of 

neural stem cells

1.8𝜇𝑠
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Slide courtesy MCat Vozenin

Early results
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FLASH: … toxicity
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FLASH: … tumour control
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Early results

• First in man

• 1 subject:

- 95% confidence interval on an n=1 study span … 2.5-100%
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• First in man

• 1 subject:

- 95% confidence interval on an n=1 study span … 2.5-100%

Early results

• 3.5 cm diameter skin tumour

– Multiresistant CD30+ T-cell 

cutaneous lymphoma

• Dp(PTV): 15Gy in 90ms

• 5.6 MeV electrons

• Single field – single fraction

• Only grade 1 acute toxicity

• Complete tumour respons
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Newsflash or flash in a pan?
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Hype or Hope?
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ElectronFLASH (the ELF)

•Detector development and implementation

•Dosimetric Framework

•In vitro and in vivo dosimetry

•Multimodality and image guidance

Medical physics

•In vitro and in vivo models of breast cancer

•3D culturs and organoids

•In vitro and in vivo models of skin cancer

Radiobiology

•Clinical translation of FLASH-RT (IOeRT)

Radiation Oncology

UHDR and FLASH at Iridium Netwerk / UA
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UHDR and FLASH at Iridium Netwerk / UA



Safety and Radioprotection

• Ozone production

• Radioprotection

0.05 ppm
with 16 kGy

0.1 ppm
with 28 kGy

<0.01 ppm at 
usual doses

ventilation

ELF

target

Survey 

meters

Stray radiation mapping
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Safety and Radioprotection

• Ozone production

• Radioprotection
- Optimal design of treatment rooms

- Personal dosimetry (non saturating, fast responding active dosimeters)

0.05 ppm
with 16 kGy

0.1 ppm
with 28 kGy

<0.01 ppm at 
usual doses

ventilation

Based on PODIUM project 

H-EU CONCERT project: Personal on-line Dosimetry 

Using Computational Methods
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Safety and Radioprotection

• Some food for thought and how to support clinical implementation
- On the concept of IDR < 10 𝛍Sv/h?

- Referring to NCRP:

▪ It is reasonable to design a barrier to meet a weekly value equal to 1/50 of the annual 
shielding design goal (ie 20 μSv/w)

▪ Further scaling the shielding design goal to shorter intervals is NOT appropriate and may 
be incompatible with the ALARA principle

▪ Specifically, the use of measured Instantaneous Dose-equivalent Rate (IDR) with the linac
operating at maximum output, does NOT properly represent the true operating conditions 
and radiation environment of the facility

▪ NCRP 151 recommends: Time Averaged Dose-equivalent Rate (TADR):
Rw and Rh
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Safety and Radioprotection
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• Some food for thought and how to support clinical implementation

• Long term, permanent radiation monitoring required
- Cf IOeRT in non-shielded OR



Safety and Radioprotection

• Some food for thought and how to support clinical implementation

- On Treatment Dose and Dose Rate:

▪ Total treatment dose is not so different from conventional treatment doses and treatment 
fractionations.

‣ From conventional fractionation to hypofractionation and ultra-hypofractionation

▪ One might argue that it is another step in the evolution towards higher dose rates

‣ From conventional dose rate to FFF high dose rates towards UHDR.

- How about Workload (W)?

▪ Patient W (Gy/w) will be comparable (or even lower compared) to current W

▪ Physics W (Gy/w), however, might be much higher.

‣ Consider performing commissioning/acceptance measurements after hours or at different 
(shielded) location

‣ Optimizing machine QA by balancing low and UH dose rate
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