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FLASH RT: what’s that

FLASH Radiotherapy, is a novel 
approach of  RT using ultra-high 
dose rate 

(>40 Gy/s overall dose rate,whereas
conventional radiotherapy is around 1 
Gy/min)

aiming to get unchanged tumor 
control protection (TCP) and 
decreased normal tissue
complication probability
(NTCP).

Vozenin, Bourhis & 
Durante, Nat. Rev. 
Clin. Oncol. 2022
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Dose Rate effect in conventional Radiobiology 

Clonogenic Survival 

It is observed a sparing effect at decreasing dose rate (at very low dose rate –
“protracted” irradiation) 
Mechanistic Explanation easy: Sublethal Damage allowed to be repaired
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Dose-Rate Effectiveness Factor

M.M. Elkind, 
Radiat. Res. 
1977
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DREF range

Durante et al., 
Br. J. Radiol. 
2017
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34Gy      31Gy      28Gy

9 mo post-RT 3 years post-RT

CONV

FLASH

34Gy      31Gy      28Gy

Ultra-high dose rate (FLASH): normal 
tissue sparing

Vozenin et al., Clin. Cancer Res. 2019
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The FLASH Effect: preserving tumor control

4.8 Gy x 10 f

30 Gy in 20 ms

Vozenin et al., Clin. Cancer Res. 2019
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FLASH „boom“
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FLASH radiation modalities

Vozenin, Bourhis & Durante, Nat. Rev. Clin. Oncol. 2022
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Employed facilites
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Esplen et al. Phys.Med. Biol. 2020

No heavy 
ions until 
2020
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Parameters for FLASH/noFLASH

Montay-Gruel et al. Clin Cancer Res 2020
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HIT

GSI
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Ideal time-structure
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Wilson et al.  Front Oncol. 2020
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Clinical translation
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FLASH and Conventional radiotherapy directly compared in a 75-years old patient with two
cutaneous skin lymphoma lesions treated with 5.4 MeV electrons in a single fraction of 15 Gy
in 90 ms (FLASH) or 2.87 minutes (conventional)

• Maximal grade of skin reaction: around week 3, with a grade 1 reaction in both treated
lesions.

• The skin recovered a normal appearance around day 85 after either FLASH or conventional
radiotherapy.

• These data suggest that, in this dose range, the incidence of acute skin reactions is comparable
with the two radiotherapy modalities

Clinical trial at CHUV with electrons for 
superficial lesions
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Multi-energy raster scanning lasts too 
long for FLASH

▪ Synchrotron Cycle > 1 sec , normally ~ 5-10 sec
▪ each energy step requires a new cycle

▪ However for FLASH
8 Gy with 40 Gy/s 

should by appied in  t < 200 ms

ð the normal multi-layer raster scanning 
for 3D conformal irradiation
does not work 

(neither for proton cyclotron, IBA, VARIAN …)
ðbig  issue  for FLASH in particle therapy

Particle beam scanning and FLASH

Durante et al., Nat. Rev. Phys. 2021
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Transmission beam technique

• Using 244 MeV proton transmission beam (VARIAN proton machine)
• Penetration of the whole patient with the beam

(stereotactic lung irradiation)

van Marlen  et al.,  Int J Radiat Oncol Biol Phys 2020

Issues:

• Not conformal as IMPT  
(scanning)

• SOBP advantage lost
• Higher integral Dose
• Many fields and           long 

irradiation time for the 
treatment

However:

Clinical study started Treatment 
of symptomatic Bone 
Metastases
Cincinnati Proton Centre



FAIR GmbH | GSI GmbH

8 Gy x 1 f
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Beam application with 3D Range Modulators:
Single-energy Irradiation

Simeonov et al., Phys. Med. Biol. 2017
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GSI-Varian co-operation on range modulators for pFLASH

• A contract for about ½ millions € has been signed with Varian Medical Systems to install 
the GSI range modulator in Varian facilities interested in pursuing proton therapy FLASH

• The system has been installed for research purposes by our GSI scientists (U. Weber & C. 
Schuy) in the proton therapy centers in Delft and Aarhus.

Aarhus, DCPT, Denmark Delft, HPTC, The Netherlands
19

High-precision
modulator
for FLASH 
manufactured
@GSI

The GSI & Holland-PTC 
experimental team

FLASH setup @Holland PTC
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Understanding the FLASH mechanism

Kacem et al., Int. J. Radiat. Biol. 2022
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Vozenin, Bourhis & 
Durante, Nat. Rev. 
Clin. Oncol. 2022
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FLASH mechanisms

▪ Oxygen depletion
▪ Free radical production/recombination
▪ Intertrack effects
▪ Sparing of the immune system

All these mechanisms are 
LET-dependent
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Why are we interested in HI-FLASH?

▪ Widening the therapeutic window in C-ion therapy 
(12 centers in operation worldwide, many more in 
planning stage)

▪ Exploiting the reduced toxicity to use heavier ions 
such as 20Ne or 40Ar (LBNL pilot trial)

▪ Understanding the FLASH mechanisms: most of 
the current hypothesis would predict a decreased
sparing effect at high-LET
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FLASH with C-ions - 2019

First test of C-ion FLASH at HIT in 2020
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Lateral field size

FLASH with C-ions @HIT

Challenging conditions:

Extraction time: < 120-200 ms ; typ. 150 ms

Beam intensity HIT: 

≈ 7 ×108 ± 20% ions per spill available
ð 0.5 × 108 ions  per second

Beam spot size: FHWM = 5 mm

Dose-rate:   typ. 40-60 Gy/s

Field size:  ~ 10 x 10 mm2 (80% iso-dose)

Flash beam extraction (5 ×108 ions within ≈120 ms)Beam:  278 MeV/u ; 12C ;  Ø ≈ 5 mm (FWHM)

Weber et al., Med. Phys. 2022
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FLASH experiment (in vitro @HIT)

CHO-K1 cells
7.5 Gy
12C 280 MeV/n
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208 MeV/n
6.5 Gy in a 100 ms pulse
12x12 mm2

9.5 MeV/n
1 Gy in 400 ps pulse
4x4 mm2
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SEITE 29
FLASH @ GSI (2021 beamtime)

Weber et al., Med. Phys. 2022

- HIT ≈ 5×108 ions per spill 
ð 8 Gy |  50 Gy/s   for 10 × 10 mm2

- GSI > 5× 109 ions per spill (reliable)
ð 18 Gy | 100 Gy/s   > 20 × 20 mm2
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Test shoot before delivey on mice (video), recorded on Gafchromic film

Field wide enough for in vivo FLASH 
experiments (at GSI only)
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FLASH in vivo Carbon ion experiment

Tinganelli et al., Radiother. Oncol. 2022 

• GSI SIS18 FAIR-phase-0: 12C-ions: 240 MeV/n
• LET on target= 14.5-15.5 keV/μm (plateau)
• FLASH: Total dose 18 Gy;
• +/-0.3 Gy accuracy;
• Single synchrotron spill of 150 ms +/- 20 ms
• Containing 5 x109 12C-ions;
• Average dose-rate calculated as target dose per total

irradiation time reached 100 Gy/s.

D= 18 Gy. 
Entrance channel

In collaboration with: 
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Morphology and structural changes outcome in healthy muscles
stained with hematoxylin-eosin.

A, B Muscle tissue in sham irradiated control;
C,D Muscle tissue of animals FLASH irradiated;
E, F Muscle tissue of animals Conventional irradiated.

C, D: regular striation, and nuclei with typical peripheral localization
(arrows), in the longitudinal section;

E, F Disorganized myofibers structures (asterisk) and nuclei
localization (arrows).

Magnification: A, C, E 200 , B, D, F 400.
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LUNG METASTASIS
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CONCLUSIONS

▪ FLASH is very promising for the future of radiation oncology
▪ Whilst charged particles are the most mature technique for clinical
translational, more pre-clinical research is needed

▪ Following experiments with electrons, photons, and protons, we
confirmed for the first time the FLASH effect with high-energy 12C-
ions in vitro and in vivo.

▪ In addition to the reduction of normal tissue toxicity, we measured
reduced tumor growth and distal metastasis. The suppression of
lung metastases, may be a unique feature of particle beams.

▪ Beamtime in 2024-2025 at GSI will clarify the role of C-ions in
FLASH radiotherapy and the potential for clinical translation
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Thank you very much! www.gsi.de/biophysik
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Special thanks

36


