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Global radiotherapy market

« Cancer is one of the biggest threats to human life

« Radiotherapy (RT), relies on ionizing radiation (e.g., photons, electrons, ions)
to locally deposit energy to break DNA strands of cancer cells.

High incidence rate Big demand of :
: Large market size
of cancer radiotherapy
New cancer cases: Requirements: Current scale:
~ 20 million (annually) > 50% of cancer patients ~ $8 billion
Death rate: Cure rate: Expected:
~ 50% > 60% > $13 billion 030




Limitations of current RT modalities

Mainstream RT modalities: X-ray, proton/ions

Dose distribution of X-rays of few MeVs Dose distribution of protons
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Is it possible to develop a new radiotherapy device with

high compactness/cost-effectiveness/treatment precision?

can accurately Sstrike tiumaors

\ Compact device (~10s m2) with minimal damage to normal tissues )

x Undesired dose distribution x High costs ($50+M)

x potential damage to normal tissues X* Large machine (~100s m2, including shieding
and power supplies)



Very high energy electron radiotherapy (VHEE-RT)

tumors

Using high energy electrons (50-300MeV) to irradiate deep-seated (10-20cm)

8 MeV X-rays

2

250 MeV electrons

relative dose deposition

0 10 20 30

Depth in tissue (cm)

1/ Better dose deposition
characteristics (compared to

X-rays)

v/ Easier to be manipulated by
magnetic components
(Compared to ions and X-rays)

/

Unknown factors /
/ Radical - Radical

Oxygen \ | Inherent biology
FLIASH effect = |
‘ \
/ N\
% V% N
Therapeutic window
Normal tissue tolerance Tumour control

v/ Easier to reach ultra-high
dose rate for FLASH effect

Phys. Med. Biol. 45, 1781 (2000); Technol.

Cancer Res. Treat. 1, 105-110 (2002)




Why VHEE-RT has not yet come to market?

« Since 2000, VHEE-RT has been actively studied, with numerous international
conferences (e.g., VHEE/FRPT workshop)

 Radio-frequency accelerators with
accelerating gradient << 100MeV/m,

are too large and too expensive




New route to VHEE-RT: Laser wakefield accelerator

A & g  Ultra-short
YOy Plasma Laser

Ultra-intense ]
messsssssm——) \vakefield

laser pulse

Arthur Gérard

e (2018 Nobel prize) accelerator

v High gradient ( >100GV/m, >1000 times higher than RF linac)

v' Small structure (<100 ym )
v" Unique electron beam properties ( fs duration. kA current. ultrahigh pulse dose rate)
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Possible layout of LWFA-based VHEE-RT

LASER

ELECTRON
CONVERTOR

BEAM
TRANSPORT

DOSIMETER

PATIENT
POSITIONING

IMAGING

/

Laser system

credit to Victor Malka

Advantages of LWFA-VHEESs

Compact and cost-effective

($3-6 M, <20m?2)

Similar treatment precision as protons,
significantly better than X-rays

( Using focused VHEEsSs )




Overview of recent LWFA-VHEE studies

« 2006, first propose to use LWFA-based
VHEE for radiotherapy (LOA)
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Y. Glinec et al, Med Phys, 33, 155-162 (2006)

« 2012, measurement of the 3D dose
distribution of LWFA-based VHEE (LOA)

Magnet Q’b@ Mylar window
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‘ a/ Vacuum

beam | beam

O. Lundh et al, Med Phys, 39, 3501-3508 (2012)




Overview of recent LWFA-VHEE studies

2020, using LWFA-based VHEE
(unfocused) for multi-angle irradiation

(CNR - INO)
> |

Dosimetric tools/phantoms ]
e o !
Solid water/GAF stack Water/GAF stack Phantom for IM irradiation  Phantom for MF irradiatio

5
Dose (Gy)

X (mm)

" 0.0
—40 —20 0 20 40

v (mm)

L. Labate et al, Sci Rep, 10, 17307 (2020)

« 2021, using focused LWFA-based VHEE
for multi-angle irradiation (Lund Unix)
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K. Svendsen et al, Sci Rep, 11, 5844 (2021)




Key steps for LWFA-based VHEE-RT to be reliable

An industrial-level laser system
(compactness, cost-effectiveness, long-term stability)

A stable laser wakefield accelerator
satisfying the clinical demands

I Detailed pre-clinical studies
(dose delivery/characterization/shaping, radiobiology studies)

IV Build a real VHEE-RT machine
(New gantry, new TPS, market strategy, clinical trials, etc. )




Joint team for LWFA-based VHEE-RT
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1. Compact intense laser development (40TW/30fs/10Hz)

LIERAL Very compact !
2JERBAE

nsEXH SRR

Our 40TW laser

The cost is largely reduced !
(Oscillators/Pumps/Amplifiers/Pocket Cells

Thales Quark 45 laser

are all made by our team)



40TW/30fs/10Hz laser system
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2. Stable LWFA development

Continuous running test for 72 hours @ 20TW/0.1Hz
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B. Guo et al., in preparation
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LWFA stability test for one month

Running for one month (~3000 shots/day @ 20TW/1Hz)
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1000 consecutive shots/3.3Hz
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The first transportable LWFA for high-resolution industrial CT

7450mm j 3 A

Containerized cleanroom

container

]

P

‘\ « X-ray and e beam
|

CT of turbine blade

v 60,000 shots @ 3.3Hz

v’ resolution: 43um

B. Guo et al., in preparation



3. Mice tumor irradiation using LWFA-based VHEE

Solid water+EBT3

Physical layout (2.8m*1.4m)

nozzle

_e- chamber™-._

collimator

Normasky interferometer




Optimizing the VHEE dose delivery
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Irradiating mice tumors with LWFA-based VHEE

Pinhole
LWFA VHEE I
Scattering EBT3
plate
10 Dose(Gy) /
10

y(mm)
o

-10

x(mm)

C57 mice
(H22 liver cells)

?—.

24 mice (5-6 weeks old, male) with

tumor size of ~7mm (1 week growing)
are divided equally into 3 groups:

Control group

LWFA VHEE group

X-ray radiotherapy group

Varian Edge




Irradiation results

Sample number

Control
—&— X-ray
—4—LWFA

1 5 9 13 17
Days after irradiation

21 28

= Commerccial X-ray device: 5.8 Gy
= LWFA VHEE: 5.8+ 0.2 Gy

In both groups, tumors are effectively
controlled by a one-month monitoring

nature communications 8

Article https://doi.org/10.1038/s41467-025-57122-z

Preclinical tumor control with a laser-
accelerated high-energy electron
radiotherapy prototype
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4. A new beam delivery system for LWFA-based VHEE

= Consist of only two dioples (B4, B,)

h
electron bunch /\]\‘

(c)

20 25
z (cm)

Create a maximum
dose deeply inside
the body (10-20cm)



Transporting beams with large enegy spread
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Tuning the dose peak position

By adjusting B1, B2 strengths, we can move the dose peak position

longitudinally in a range of 10 cm transversely in a radius of 3 cm

0 10 20 30
B. Zhou et al., accepted in PRAB



5. LWFA-based VHEE-RT machine development (ongoing)

3.4m

* Rotational gantry (180°, with IMRT)

1

« Laser optics, LWFA module, and
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« Gantry weight <2t, with size <15m?

* Plan to target deep-seated tumors

e in large animals.
e 2m

Design is almost finished. Construction will be completed in 7-8 months.
In 12 months, beam will be ready to shoot



Summary and perspective

» Laser wakefield accelerator is a promising approach for compact VHEE RT
= We are trying our best to push LWFA based VHEE towards clinical
applications
v" Develop compact industry-level high-power laser system
v" Develop stable laser-wakefield accelerator
v Preclinical studies (dose characterization and mice irradiation, more needed)
o Build LWFA-based VHEE-RT prototype machine (ongoing)
» New Gantry for LWFA based VHEE (ongoing)
» New algorithms for VHEE-RT TPS (ongoing)
» Incorporate intelligent image-guiding system (under investigation)

» Start the registration procedure for going to the market



Thank you !




VHEE-RT is more effective than X-rays

targeting prostate tumors, pediatric brain tumors, etc

T. Fuchs et al. Phys. Med. Biol. 54, 3315-3328, 2009
M. Bazalova-Carter et al, Medical Physics, 42(5), 2015

250 MeV elecirons X rays IMRT Difference

Compared to X-rays, VHEE can reduce damage to normal tissues by 20% -70%
4



Focused VHEE can target tumors precisely

Tumor
100
(c)
80
g 60 -
0 10 20 30 9
o
g 40
20 |
0 10 20 30 0O 5 10 15 20 25 30
z (cm) z (cm)

L. Whitmore et al., Sci Rep 11, 14013 (2021)

B. Zhou et al., accepted in PRAB
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* Reduced entrance dose
of focussed VHEE spares
healthy tissue more
than proton beams

Relative area is a figure
of merit

Integrated area:
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