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Particle therapy is changing —and we need to change with it
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In 2016 the South East European International Institute for Sustainable Technelogies Vretenar

(SEETIST) was proposed by Herwig Schopper and brought to the political level by Sanja
Damjanovic, Minister of Seience of Montenegro. In this framework two design studies This report describes the general framework, research goals, preliminary technical
A Facity for Tumour T "

el Bernedieal Poscorch have been completed by two groups of European experts: a "4th Generation

design, and resources required for a novel accelerator-based research infrastructure
i Seuth- Eastern Europe

.,,m.:"‘.,?,?'.;,t“,;g,':,‘ﬁ“w = for cancer therapy and biomedical sciences with ion beams. The information

Synchrotron Light Source for Science and Technology" (SRL) and a "Facility for Tumour
presented is the result of five years of research and design activities conducted by a
- wide multinational collaboration to address the needs of the South East European .

—— International Institute for Sustainable Technologies (SEEIST), an initiative aiming at

-~ Hadron Therapy and Biomedical Research” (HTR). A preliminary report was presented
] and discussed at the Workshop on "Mew International Research Facilities for South

East Europe” held in January 2017 at ICTP (Trieste). In March 2018 the Steering

. the construction in South East Europe of a facility devoted to cancer research and
@ Committee came unanimously to the conclusion that the first facility to be built should

f;:'j therapy with ion beams. The new design combines the experience of the European ion
be the HTR. This report contains the HTR study, which was completed in July 2018; the !

therapy centres and integrates innovative features that will push the performance
Executive Summary has been written for the readers who are not interested In the

much beyond the present state of the art for European carbon ion facilities.

Original SEEIIST concept 03/2018 (Yellow report) > Workshop 06/2018 aimed at starting a Technical Design - analysis of
different options (therapy and research) - baseline defined, submission to ESFRI in 09/2020 - Yellow Report in 2024.

7 years of work, but in the meantime particle therapy has significantly changed.

The goal of this presentation is to identify the trends that will lead to the therapy accelerators of the future, and the
related opportunities in the SEEIIST countries and outside.
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The pathway to the baseline SEEIIST design

SC synchrotron: Full linac:
accelerator 1,2 , 1acility 6,500 m? accelerator 600 m?2, facility 5,500 m? accelerator 600 m?, facility 5,500 m?
estimated cost (acc. only): 42 M€ estimated cost (acc. only): 31 M€ estimated cost (acc. only): 31 M€

Vol. 4 (2024): An Accelerator-based Research Infrastructure for
Cancer Therapy and Biomedical Sciences with Ion Beams

Editors: Ugo Amaldi, Elena Benedelto, Panagiota Foka, Sandro Rossi, and Maurizio

B Compared 3 accelerator options (conventional, superconducting, linear accelerator)

This report describes the general framework, research goals, preliminary technical

e e e e e Baseline design is #1, warm-magnet synchrotron based on PIMMS (CNAO and

b koo i} for cancer therapy and blomedical sclences with lon beams. The Information

SR presented is the result of five years of research and design activities conducted by a . . . .
=" wide multinational collaboration to address the needs of the South East European IVI d A t ) t h | f t F | b | d g I I g b t h t h py d h
= International Institute for Sustainable Technolegies (SEEIST), an initiative aiming at e u S ro n U W I n Ove e a u re S * eX I e e S I n ] a OW I n 0 e ra a n re S e a rC *
the construction in South East Europe of & facility devoted to cancer research and
@ therapy with lon beams. The new design the exp of the P lon

therapy centres and integrates innovative features that will push the performance
much beyond the present state of the art for European carbon ion facilities.
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Where is particle therapy nowadays?

Particle therapy facilites

Despite all discussions on effectiveness versus cost, the number
of particle therapy facilities worldwide is steadily increasing:

122 » Proton therapy: 8.5/year in 2013-26 (decrease of 2021/22 overcome)
190 » Carbon therapy: 0.9/year in 2008-2026
100 Proton therapy grows 10 times faster than carbon therapy
80
60
40 O Proton therapy is now a mature commercial market with a
20 small number of competing companies.
0 ) New initiatives in the field have failed (AVO) because of
1990 2000 2010 2020 2030

—e—proton, operation ~ —e—proton, construction

—e—carbon, operation  —e—carbon, construction

a) large investments needed to enter a mature market, and
b) technical challenges in industrialization.
 Carbon therapy is now moving from the pioneering facilities

based on scientific design to new industrialised designs.

119 proton and 16 carbon ion therapy
facilities in operation worldwide (2024)
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) New options are appearing: FLASH with electrons/ions,
(https://www.ptcog.org) Other ionsl etc.
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Carbon ion therapy is becoming commercial Long time to market,

>30 years from 1%t unit

][] [

Mayo

[ Services. medical area & 130s (19 %o

Chevalier, F. et al., (2022)..
CYCLHAD: A French Facllit
Dedicated for Research an
Treatment in Hadronthereipg.
%uclgelar Physics News, 32(2),

https://www.hitachi-
hightech.com/global/en/products/hea Image picture

Ithcare/treatment/pbt/hybrid.html Hybrid particle therapy system
Hybrid particle therapy system from Hitachi (estimated $233M C400 cyclotron from IBA, 7 m diameter over 3 floors
for entire facility incl. protons, X-ray), 19 m diameter over 1 floor (RF, cyclotron, ion sources)

» Two carbon ion therapy facilities in construction designed and built by commercial companies: Hitachi
for Mayo Clinic (Florida, USA) and IBA for Cyclhade (Normandy, France).
» Considering the large investment costs for technical development and medical licensing of a new
HI therapy facility, is there space for a third new design?
“:Can we justify that this engages local industry and local talents?
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100 -
147 MeV protons

146 MeV /u helium-4 ions
277 MeV /u carbon-12 ions

330 MeV /u oxygen-16 ions

Innovative particles: helium ions

80 A

Therapy with helium ions, under development at HIT, may provide at
reasonable accelerator cost superior conformality with excellent
effectiveness. Ideal for pediatric patients.

Advantages in Physics:

z1

1

20 A

4He2+ 120 6+

Relative energy deposition, [%)]

» reduced range straggling (longitudinal conformality) compared to protons 140 M e 27T MeV fu

» reduced penumbra (lateral conformality) compared to protons O

» reduced nuclear fragmentation tail (distal conformality) compared '2C Depth in water, [mm]
Advantages in Biology: [ — Protons

» increased LET = increased RBE and reduced OER compared to protons 301 —— Helium-4 ions

——— (Carbon-12 ions

» reduced RBE uncertainties and neutron dose compared to 12C
First clinical application to patient cohort finalized at HIT

257 ——— Oxygen-16 ions

Development by the NIMMS Collaboration at CERN of the design of a
helium research and therapy facility - Preliminary Technical Design
in @ CERN Yellow Report in preparation, to be published in 2025
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Innovative accelerators: Helium synchrotron (HeLICS)

HeLICS = Helium Light lon Compact Synchrotron.
Triangular shape with 11 m side dimension.
FLASH extraction (RF phase displacement) under design.

Implementation of the
facility in 2,500 m?

i

Interest from:

» A Baltic consortium, for the
Advanced Particle Therapy
Centre for the Baltic States
(APTCB).

» TERA-CARE Foundation, for
the Clinical Helium Facility
for Switzerland (CHeFS)
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Innovative accelerators: coupling therapy and radioisotopes

Radioisotope

The linear injector of a helium therapy synchrotron can be used to produce
radioisotopes for imaging and therapy, in parallel to operation for therapy.

Linear accelerators are more efficient and less demanding than
conventional cyclotrons for operation with helium ions.

synchrotron

7

{raDIOISOTOPE | . .

14 radioisotope
" production target

Targeted Alpha Therapy with Astatine 211

Scandlum-43 44

Cobalt-57
Copper-64
Copper-67
Tin-117m

Astatine-211

Diagnostic — PET
Diagnostic — SPECT
Theranostic ()
Theranostic ()
Diagnostic — SPECT
Theranostic ()
Theranostic (B)
Theranostic (B)

Therapeutic (a)

Courtesy K. Palskis, RTU/CERN

targeting vector
(e.g antibody, peptide, etc...)

P

* \H

NH linker
radionuclide
bifunctional chelate

Image credit: CERN Courier
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211At emits alpha particles (2 protons+2 neutrons) that are the most
dangerous radiation (short range and high toxicity). Attached to
antibodies and injected to the patient, they can accumulate in the
cancerous tissues and selectively deliver their dose.
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Innovative accelerators: FLASH with electrons, BNCT

Particle therapy in the wider sense is progressing in different directions. Here 2 major examples

Very High Energy Electrons for FLASH therapy Boron Neutron Capture Therapy
Recent experimental evidence indicates that ultra-high Treatment of brain and HN cancers with alpha-particles
dose rates can spare healthy tissues. Coupled with high- emitted by decay of 10Boron. Patient injected with a tumor-
energy electron accelerators, may open a new avenue to localizing drug containing 10B, which is activated by an
cancer treatment. external accelerator-produced high-intensity neutron flux.

Medium Energy
Cooling water  Transfer Line
uni

The DEFT 12 GHz VHEE design
(CERN, TERIQ, CHUV)

C. Rossi, Linac24, Chicago

The Anthem BNCT design
(INFN-LNL for Caserta (1)

A. Pisent et al., Linacc24, Chicago,

A FLASH electron linear accelerator will have an energy of 100 MeV,

for a length of ~10 m. ijeckr Bear Shaping Assarekly
Different prototype accelerators being developed, at 3 different A BNCT proton linear accelerator can be RF or DC. It will
frequency bands: 12 GHz, 6 GHz, 3 GHz. have an energy of ~5 MeV, for a length of about 5 m

H I I H ll * * This project has received funding from the European Union’s Horizon 2020
% * *
k3 *

research and innovation programme under grant agreement No 101008548
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Innovative accelerators: superconducting carbon synchrotron

Compact Carbon lon therapy facilities based on a superconducting synchrotron

HIMAC (Japan), prototype synchrotron in construction

APF [H-DTL

RFQ

LEBT

56,00

NIMMS/HITRI+ (EU), demonstrator magnets in construction
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Triangular synchrotron, similar lattice to HelICS,
rep. rate 0.33 Hz, 3 T dipoles (CCT type), 56mx21m

E. Benedetto, M. Vretenar, Innovations in the Next Generation
Medical Accelerators for Therapy with lon Beams, IPAC23, Venice

Square synchrotron, rep. rate 0.1 Hz, 3 108 pps, 3.5 T

dipoles, 30 m circ., 45mx33m w/o shielding

Y. Iwata et al., Design of a compact superconducting accelerator
for advanced heavy-ion therapy, NIM-A, 1053, 2023

Compact designs, but:
_ » Limited by magnet ramp rate to <1 Hz operation
H ITP“ » Limited advantages in power consumption (small duty cycle)
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Innovative accelerators: the impact of Al

The new generation of compact accelerators must be optimized and
controlled by Machine Learning and Artificial Intelligence —
significant efforts ongoing in the particle accelerator community,
small accelerators are the ideal test bed for new software.

Can Al change the business model of commercial particle therapy
accelerators?

So far, companies producing commercial particle therapy accelerators make
their profit via expensive operation and maintenance contracts. The accelerator
is operated by personnel provided by the company, and the local staff has no
access to the accelerator. Besides costs, this makes impossible using the
accelerator for development of new treatment modalities.

In a not-so-far future, the operation of the accelerator could become
completely Al-driven. The goal is that the accelerator becomes a
simple button, to be operated by the clinical control room.

HITRI
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Intelligent
Beam Control
in Accelerators
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Some conclusions: from innovation to implementation

We have already (too) many designs to choose from, what we miss is a
clear path to implementation:

1. Select the accelerator technology: an emerging technology
requires more time (and cost?) to implement but has an impact on
regional industry and training — and on science. Avoid the costs and .
risk of competing with companies already present in a mature Sarajevski Akcelerator Jona (SARAI)

o ’ UNSA-CERN-JSI-GSI-COSYLAB-PANTECH.
commercial market. CIEMAT, 3 Physicists Foundation (3PF) +

Ministarstvo Nauke Kantona Sarajevo

2. Develop a learning curve: start small and advance in stages, to
progressively build capacity and competence — and to demonstrate
accountability.

3. Build collaborations and associate industry at the earliest »
- _ - - 2 =
possml-e §tage to develop a design that can be easily xamoles IFIGENEIA: Excellence Hub HORIZON
industrialized and repl’OdUCed. WIDERA Innovative Facility for Isotope

GENeration with Efficient lon Accelerator : AUTH +
H ITRI |

21 partners (GR, CY, SL)
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Thank you for your
attention
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