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Update on  

• STELLA (Smart Technologies to Extend Lives with a Linear Accelerator)

global multidisciplinary  collaboration  with CERN, Oxford, Lancaster, STFC, Europe, 
USA, Canada,  Africa,  Balkans,  Baltics,   Central  Asia,  Caucasus   under the umbrella  
of ICEC  (International Caner Expert Corps) an NGO  

• VHEE  and  FLASH Activities
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Cancer is a growing global challenge and RT is a key tool

• 2020 Globally  19.3 million new cases per year diagnosed  and 10 million deaths

• By 2040 this will increase to 27.5 million  new cases per year and  16.3 million deaths

• Nearly 50-60% of all cancers can benefit from RT for cure or pain relief; inadequate 

supply of RT linear accelerators

• Gap greatest in low-middle income countries, only 10%  patients in LIC have  access  

70% of the deaths  will occur in low-and-middle-income countries (LMICs)

• Age is the biggest  factor

• More than nine out of 10 cancers are diagnosed in 
people >45 and older. 

• 1 in 4 cancer deaths are caused by smoking

Data from UK
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But there are dramatic disparities  in Access, 2022
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Africa: 420 MV RT units  for around  1.4 billion people
1 machine per 3.5 million people 
UK: 359 MV RT units for  around 68 million people
1 machine per 190,000
Switzerland: 84 MV for 8.7 million people
1 machine for 100,000
US: 3854 MV  for around 330 million people   
I machine  for   86, 000

Great strides have been made in the fight against cancer 
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Shortage and challenges are not only in Africa 

Radiation therapy 

capacities in Europe 2013

Rosenblatt E, et al. Lancet Oncol 2013;14:e79–86

Access to Radiotherapy Technologies Study (ART) in the 
Baltics, Eastern Europe, Central Asia and the Caucasus

For ART study, in these FSU countries, another important point is  the 
replacement of legacy Cobalt 60 units with Linacs because not only do 
they offer state-of-the-art treatment but have less security risk
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Access to Radiotherapy Technologies Study (ART) 
in Former  Soviet  Union countries lead by ICEC 

Azerbaijan, Estonia, Georgia, Kazakhstan, Kyrgyzstan, Latvia, Lithuania, Moldova, Tajikistan, 
Turkmenistan, Ukraine and Uzbekistan

The foreseen kick-off meeting  in Kyiv  was not possible but  final meeting took 
place in  Kazakhstan. Study is completed, final project report is approved  and  
paper in prep. Funding likely for follow up projects arising from  the ART study. 
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• Identified the challenges with those who live with them day-to-day
• Current data suggests - component importance on downtime: Electron Gun, 

Vacuum Pump, MLC, RF source, Software,  Power Fluctuation
• Created  design specifications for a radiotherapy machine to meet these 

challenges for an improved design
• Created conceptual design report for the radiotherapy system to enable 

technical design and prototyping in next phase
• Currently securing funding for building and testing prototype

Since the  last JAI  Advisory meeting

• Good news is that  we now have 1.75 M $ from DOE-NNSA for STELLA
• Unforeseen challenge that Deepa’s  team at Daresbury Lab is fully occupied
• Discussion with Steinar Stapnes and Paul Collier for CERN to take the lead.
• Meeting by CERN with ICEC, African and UK partners held on 10th February
• Exploring the way  forward…….
• ART study published to highlight improving treatment & reduce security risk

STELLA – current status
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The FLASH Effect – still gaining momentum

•Apparent sparing of healthy tissue when dose is 
delivered at ultrahigh dose rates (UHDR) of > 
40 Gy/s.

•Healthy tissue sparing observed in virtually all 
radiation modalities.

✓Majority of experiments/trials with low 
energy electrons and shoot-through protons.

• So far, 2 human trials:

• Skin lymphoma with 6 MeV electrons 
(CHUV, 2019).

• Bone metastases with 250 MeV (shoot-
through) protons (Cincinnati, 2020).  
Pain relief and not curative

• Further trials are ongoing 

FLASH mechanism is still not fully 
understood.
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CERN, CHUV and THERYQ join forces for a first VHEE Facility
(Nov 2022)

Manjit Dosanjh, JA!-AB, 27.03.2023 

It will produce very high-energy electron (VHEE) beams of 100 to 200 MeV  in less 
than 100-200ms, based on CLIC (Compact Linear Collider) technology, allowing all 
types of cancers up to a depth of 20 cm to be treated using the FLASH technique.
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FLASH – still many questions

• Dose rate 

• Energy range

• Compare electrons vs. protons vs. photons

• Scanning

• Focusing 

• Dosimetry

• Treatment planning tools

• New real time-imaging 

• Tests in vivo, in vitro
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CLEAR Accelerator
CERN Linear Electron Accelerator for Research

• Experimental beamline, as a multi-
purpose user facility

• high quality e- beams.

• 60 – 220 MeV electron beam.
• User facility detached from LHC 

complex
• 10 pC – 70 nC / pulse
• 0.833 Hz - 10 Hz pulse rep. freq.

• Pulse length 1 ps – 50 ns

• Used for accelerator and 
component R&D, electronics 
irradiations and medical 
applications.

• Significant focus on  FLASH-UHDR 
VHEE RT research.
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Studies in CLEAR
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Roberto Corsini, 

CLEAR

Pierre Korysko
University of Oxford/CERN
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CLEAR-Robot (C-Robot)

• In order to facilitate the precise control of samples for multiple 
irradiations, the CLEAR-Robot (C-Robot) was designed and built by
members of the CLEAR Operation Team.

• It consists of 3 linear stages, 6 limit switches, a 3D-printed 
grabber, two water tanks and an Arduino board.

• It has a precision in position in 3 axis of 50 µm.

• It is fully remotely controllable from the CERN Technical Network.

• Thanks to a mounted camera, it can also measure the beam sizes
and transverse positions at the longitudinal position of the sample.

• It is an open-source project: pictures, 3D renders, drawings
and all the codes for the Arduino and the Graphical User Interface
can be found on:

https://pkorysko.web.cern.ch/C-Robot.html

https://pkorysko.web.cern.ch/C-Robot.html
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Obtaining a peak in dose deep in water

• Goal:
Focusing  the beam in order to precisely target the dose.

• Experiment:
Focus the beam with quadrupoles and measure the 
beam sizes on a YAG screen in a water
phantom (representing the human body) and perform
irradiations on long dosimetry films holders placed at 
different longitudinal positions.  

L. Whitmore
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Spatially-fractionated dose distribution

• Goal:
Study the dose at UHDR for highly non-uniform dose 
distributions using a GRID Collimator 
(Spatially-fractionated RT, known for normal tissue sparing).

• Experiment:
Compare the dose values and profiles with and without 
the GRID collimator inserted for different water depths, with
the YAG screen and films.

e- N. Clements, N. Esplen & A. Hart



VHEE UHDR Beam Dosimetry
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Alexander Gerbershagen, 

PARTREC 

(Particle Therapy Research Center) 

Roberto Corsini, 

CLEAR

Joseph Bateman,
University of Oxford/CERN
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Challenge of UHDR Dosimetry

• Accurate and reproducible dosimetry and detector 
systems for UHDR beams crucial for clinical 
translation of FLASH.

• Ionisation chambers saturate in UHDR conditions 
required for FLASH.

• Correction factors can account for decrease in ion 
collection efficiency at UHDR but introduce large 
uncertainties. 

• Collection time of transmission ICs (order of 𝜇𝑠) too 
slow for FLASH beam monitoring.

• Issue is more prominent for pulsed RF delivery, e.g. 
VHEE, since high instantaneous dose rate needed to 
obtain the mean dose rates required for FLASH.

Manjit Dosanjh, JA!-AB, 27.03.2023 
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UHDR Dosimetry Studies at CLEAR

• Development and optimisation of 
reference dosimetry protocols for VHEE & 
VHEE-FLASH RT using passive dosimetry.

• Radiochromic film widely used for both 
radiobiology experiments & 
benchmarking of detectors for dosimetry.

• TLDs and Alanine also being used for 
validation.
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Novel Technology for UHDR Beam-Dose 
Monitoring

• Transmission ionisation chambers used 
currently but not suitable for UHDR due to 
saturation.

• Investigation into alternative technologies 
for real-time dosimetry/beam monitoring:
• Fibre-optic beam profile monitor 

(collaboration with I. Ortega Ruiz, CERN BI 
group)

• Optical readout GEM detector
(collaboration with F. Brunbauer, 
CERN Detector Tech group)

• Integrated current transformer (a passive 
transformer designed to measure the 
charge in a very fast pulse with high 
accuracy)
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Fibre Optic Beam Monitors

• 2D array of fibres capable of 
measuring beam intensity and profile.
• Either scintillating fibres e.g. plastic, 

liquid/gas scintillator-filled fibres

• Solid-core Si fibre Cherenkov sensor.

• High spatial & temporal resolution, 
low material budget.

• First tests using single fibre at CLEAR 
showed a linear response up to 38 
Gy/pulse.
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Now looking at using CCD camera readout for beam diagnostics with 
fibres, which is both innovative and inexpensive…. potentially exciting.
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Delivery systems for treatment beams
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Andrea Latina 

CERN

Cameron Robertson,
University of Oxford/CERN

Alexander Gerbershagen, 

Gronigen and PARTREC 

(Particle Therapy Research Center) 
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Dual-scattering foil for VHEE beam

• Dual Scattering Foil has been previously used 
for proton therapy
• First scatterer results in larger beam with 

Gaussian intensity profile
• Second scatterer shaped to preferentially 

scatter middle of the beam, creating 
uniform profile

• Magnification of beam for treatment of large 
tumours

• Flattening (transforming transverse 
distribution into uniform profile)
• Non-uniform transverse profile would 

result in uneven dose to tumour and tails 
extending into healthy tissue

• Less sensitive to initial beam distribution than 
magnification optics
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Conformality of dose to tumour  is essential
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Dual Scattering System Tests at CLEAR

• Experiments run at the Cern Linear 
Electron Accelerator for Research 
(CLEAR)

• 200 MeV test beam with 
flexibility in parameters and 
range of installations possible

• Scattering systems in PLA and 
Aluminium designed, 
manufactured and tested

• Flattened and magnified beams 
produced in intensity (YAG) and 
dose (radio-chromic films)
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Vacuum Foil Installation

• Energy loss, spread and X-ray production 
can be reduced by upstream positioning 
of scattering system
• Permanent scattering system installation at 

CLEAR desirable also  for users

• System due to be installed in vacuum, in 
CLEAR beamline
• CLEAR dipole can be used to separate 

charged and uncharged components of beam 
for comparison of dose components with MC 
simulation
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3 MPhys Students

Christopher Butler

Alexander Christie

Samuel Leadley
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GaToroid Gantry Concept

Manjit Dosanjh, JA!-AB, 27.03.2023 

• Novel concept for static proton gantry

• Superconducting toroidal system

• Conformal treatment from 360 degrees

• Direction defined by initial kicker 
magnet

• Full multidirectional treatment could be 
carried out at Ultrahigh Dose Rate 
(UHDR)

• FLASH effect

• Normal tissue sparing at high dose 
rates

Luca Bottura, 

CERN
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Toroidal Magnetic Field Studies for VHEE GaToroid

• Normal conducting VHEE GaToroid
• Scope for additional toroidal optics –

quadrupoles

• Investigation of actual magnetic fields 
from toroidal magnets
• Dipoles and quadrupoles required for 

VHEE design

• Finite element analysis in OPERA 
carried out

• Fields in gaps and fringe fields 
modelled and analysed
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Samuel Leadley, 
University of Oxford
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Optics Design for Compact Proton (Baby) GaToroid

• Compact proton version for 
installation at PARTREC
• Normal conducting magnets

• Optics design for transfer and 
magnification of beam carried 
out in MADX
• 90MeV

• Collimation and error analysis 
studies
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Christopher Butler, 
University of Oxford

Design study  for pre-clinical use for small animals, cell cultures, organoids at 
the  Groningen facility
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Simplifying Multileaf Collimators (MLC) for RT

• Part of the STELLA project.

• Large proportion of RT linac downtime in 
LMICs due to MLC failure & lack of 
spares.

• If MLCs can be simplified i.e. less leaves, 
then likelihood of fault is less.

• Using matRad to investigate what is the 
minimum number of MLC leaves that can 
be used to retain RT treatment plans 
within clinical tolerances.

Alexander Christie,
Oxford MPhys

Joseph Bateman,
University of Oxford

Richard Hugtenburg,
Swansea University & 

Hospital
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In summary

• STELLA is progressing …..

• FLASH, lots of interest and progress but much remains to be done

• VHEE 2023 Conference in Hamburg, July 2023

• Publications

• ART  Project  Report  funded  by DOE-NNSA

• Conferences:
• Closing  plenary  on STELLA  at  IPAC  2022 in Bangkok
• Posters presented at IPAC 2022, proceedings contribution published 

by IOP.  Student grants awarded for IPAC 2023 participation. 
Posters and oral presentation at FRPT 2022

• ART  Study funded by DOE-NNSA is completed
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