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Abstract

Background Baltic States remains one of the few regions in the Europe without a dedicated particle therapy center. An
initiative since 2021 has been started by CERN Baltic Group on a novel particle therapy center development in the region
in partnership with CERN NIMMS collaboration. With a conceptual design idea in early 2022 and stakeholder engagement
activities in late 2022 - next step forward was necessary for the initiative for a more in-depth analysis.

Methods A dedicated workshop “Particle therapy - future for the Baltic States? State-of-play, synergies and challenges”
was held. The workshop was attended by medical community from the Baltics, as well as CERN technical experts and par-
ticle therapy practicing clinicians, with scientific programme split in 5 main areas of investigation.

Results Current cancer epidemiology statistics and RT technological possibilities in the region were analyzed, with first
estimates of eligible number of patients calculated. Technological development level of the proposed accelerator complex
was discussed, as well the clinical needs and synnergy possibilities with the nuclear medicine field.

Conclusions The current state and calculated first estimates presented here have shown a promising starting point, which
prompts even further in-depth work — a feasibility study for development of a novel particle therapy center in the Baltic
States.

1 Background and introduction

According to data of the World Health Organization
(WHO), cancer remains one of the most significant causes
of death globally — accounting for nearly one in every six

DX Kristaps Palskis
kristaps.palskis@cern.ch
Riga Technical University, Riga, Latvia

European Organization for Nuclear Research (CERN),
Meyrin, Switzerland

Lithuanian University of Health Sciences, Kaunas, Lithuania
Lithuanian Society for Radiation Therapy, Kaunas, Lithuania
Latvian Therapeutic Radiology Association, Riga, Latvia

The National Center for Oncological Hadrontherapy
(CNAO), Pavia, Italy

Published online: 06 May 2024

deaths globally in 2020 [1]. In 2022 alone, 19.98 million
new cancer cases and 9.3 million cancer deaths were reg-
istered [2]. Throughout the years, various regions around
the world have seen an increase in the incidence rates, with
current estimates predicting an increase of almost 3 times
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by year 2050-58.6 million cases globally [3]. With global
cancer burden expected to grow, effective cancer manage-
ment strategies are to be considered in healthcare systems
and novel treatment methods to be explored and researched.

Out of the three primary methods for cancer treatment —
surgery, chemotherapy and radiotherapy (RT) — RT as treat-
ment modality in course of care is beneficial and required
in more than 50% of patients [4]. RT is frequently used in
the treatment of the most widespread cancer types — breast,
lung, colorectal, cervical and others. Despite the benefits
of RT in cancer care path, the access to these technologies
globally is inadequate, especially in countries categorized as
low- or middle- income [4]. Even further, a specific modal-
ity of RT — particle therapy (PT), using positively charged
ions instead of gamma photons in conventional therapy —
has proven to be favourable in certain types of cancer. While
clinical evidence base needs to be expanded further, proton
therapy has already shown benefits in the reduction of nor-
mal tissue complications in selected types of cancer and car-
bon ion therapy —in treatment of radioresistant and hypoxic
tumours [5-8]. Despite this, the access to this type of treat-
ment globally is even more challenging due to increased
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Fig. 1 Particle therapy centres in Europe (ENLIGHT data, 2020) [12]
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costs of particle accelerator used. Currently, approximately
130 centres in the world offer PT, out of which only 13 offer
the unique opportunities of carbon ion therapy [9], while
many new development projects are in construction or plan-
ning stages.

Analysing access to particle therapy, the Baltic States
— Lithuania, Latvia and Estonia — is one of the European
regions without a dedicated proton or carbon ion therapy
treatment centre (see Fig. 1.). Therefore, in 2021, a collabo-
ration of research institutions and universities in the region
— CERN Baltic Group (CBG) [10] — started dedicated and
focused efforts on exploring possible particle therapy devel-
opment paths in the region. As the name suggests, the main
goal of CBG is about strengthening collaboration of Baltic
States with the European Organization for Nuclear Research
(CERN). Already from first discussions, development of a
dedicated facility, not a commercial solution, was deemed
more attractive for the region — providing more capabili-
ties and research opportunities. Such a collaboration frame-
work has already proven to be successful within the CERN
PIMMS study, which resulted in CNAO and MedAustron
ion therapy centres [11].
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Table 1 Overview of main cancer statistics metrics in the Baltic States
for year 2021 (2020, if specific data unavailable)

Table 2 Cancer localizations with highest incidence rates (as percent-
age of total) in Lithuania and Estonia from 2018 to 2022 (numeri-

Lithuania  Latvia Estonia Total cal data are not provided for Latvia due to lack of national cancer
of registry)
region Lithuania Estonia
Inhabitants (millions) 2.801 1.884  1.331 6.016 Cancer Prostate — 13% Non-melanoma
Registered cancer cases 17,073 12,051 8907 38,031 localizations ~ Non-melanoma skin cancer skin cancer — 15%
Cancer deaths 8168 5892 3840 17,900 with - 13% Prostate — 12.9%
Crude cancer incidence 610 640 669 632 highest Lung, trachea, bronchus — 9% Lung, trachea,
rate (per 100 000) incidence Breast — 9% bronchus — 9.6%
Colon — 6% Breast — 9.2%
Crude cancer mortal- 292 313 289 298 Colon —7.2%
ity rate
(per 100 000)

The initiative took the form of a dedicated working group
“Advanced Particle Therapy centre for the Baltic States”
within CBG in April 2022. The conceptual design idea
was developed by the working group in the spring of 2022.
Until the end of 2022, active engagement and discussions
took place with relevant stakeholders — medical profes-
sionals involved in RT, scientific university representatives
and involved political bodies. Following these events, key
areas were identified that should be taken as first for fur-
ther exploration and in-depth analysis: statistics and overall
situation with cancer management in the region and clinical
indications for PT eligibility, as well as technical aspects
on proposed particle accelerator complex for such a facil-
ity and integration of another clinical area — nuclear medi-
cine. To address and work on these areas, workshop with
medical professionals from the Baltic region, CERN techni-
cal experts and PT practicing clinical representative from
CNAO was held on May 25th, 2023 at CERN - “Particle
therapy - future for the Baltic States? State-of-play, syner-
gies and challenges”.

The aim of this work is to present key findings and points
made during the workshop, as well to indicate overall con-
clusions and future outlooks of the initiative.

2 Overview of current status of
radiotherapy technologies in the Baltic
States

This section reports on key data presented regarding the
cancer burden and RT treatment statistics within the region.
Data regarding cancer statistics and access to RT technolo-
gies — both diagnostic and treatment units, were collected
during participation of Baltic States in the “Access to Radio-
therapy Technologies” (ART) study during 2022, held by
The International Cancer Expert Corps (ICEC) organization
[13]. Additional data corresponding to aspects specific to PT
were collected in a tailored questionnaire to RT-practising
clinical institutions within the region.

As of data from 2021 (or 2020 depending on data avail-
ability within the country), the 3 Baltic States have a total
of 6.02 million inhabitants with a total of 38,031 newly
registered cancer cases and 17,900 cancer causes deaths -
a crude (non-age-specific) cancer incidence and mortality
rate on average for region being 632 and 298 per 100 000
inhabitants, respectively. Country specific data are given in
Table 1.

According to data collected for the year of 2020, a total
of 13 045 patients within the 3 countries received RT (both
external beam and brachytherapy) as part of their cancer
treatment course — 6343, 4146 and 2556 for Lithuania,
Latvia and Estonia, respectively. RT in the Baltic States is
delivered with state-of-the-art linear accelerators —27 in
total for the region. Almost all the units are capable of deliv-
ering modern RT techniques — intensity modulation (IMRT),
volumetrically modulated arcs (VMAT), as well as the high
precision stereotactic techniques (SRS, SRT, SBRT) and
incorporating image guidance in therapy (IGRT). The num-
ber of linear accelerator for RT for the given population
can be deemed sufficient, in accordance with international
guidelines (4 units per 1 million) [14], [15]. Data regard-
ing medical personnel working in RT practice was also col-
lected — a total of 86 radiation oncologists, 129 radiation
therapy technologists (RTT) and 67 medical physicists in
the 3 countries as of 2021.

Additionally, more in-depth data were also collected,
such as percentage of incidence and mortality for certain
cancer types and cancer localizations typically treated with
protons or carbon ions (paediatrics, brain tumours, head
and neck region and others). Cancer types with the highest
incidence rate follow the global trends [2]: prostate, non-
melanoma skin cancer, lung and breast cancer (see Table 2).
Similarly, the trends are also followed for highest mortality
rate: lung, colorectal, stomach and liver.

Exploring indications specific for particle therapy, more
in-depth analysis was done regarding paediatric cancers.
Over the period 2018-2022, a total of about 1000 paediatric
cancer cases have been registered in the 3 countries, out of
which about 1/5 (211 patients) have received RT as part of
their treatment course. 41 of these patients were treated in
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the last reported year — 2022, with the most common indica-
tions being leukaemia, central nervous system tumours and
lymphoma.

3 Eligibility for particle therapy: statistics
implications in Baltic States case

Though various international guidelines exist from sources
such as the American Society for Radiation Oncology
(ASTRO) [16], as well as the healthcare systems of the
United Kingdom [17] and Japan [18], overall, the most
common indications for particle therapy in treatment cen-
tres are central nervous system (CNS), skull base, head and
neck, and paranasal sinus tumours [5—8]. Clinical experi-
ence was shared from The National Centre for Oncological
Hadrontherapy by Dr. Anna Maria Camarda, outlining clin-
ical indications with the highest benefit and existing clinical
evidence - skull base chordoma, chondrosarcoma, sinonasal
carcinoma, brain tumours, head and neck tumours, radio-
resistant tumours and others [19]. For future perspectives,
particle therapy could also provide clinical benefits in the
treatment of lymphoma, lung, breast, and prostate can-
cers. However, a significant increase in clinical evidence is
needed, as the current evidence is either conflicting, incon-
clusive, or lacking in general [19, 20].

In order to provide initial estimates of eligible number of
cancer patients for PT, a literature review was conducted to
study possible mathematical estimation approaches. Results
of the literature review study are summarized in Table 3.

Based on the data provided in the Table 3 and the data
collected previously — 13,045 RT receiving patients in year
2020 for all 3 countries, one can do a simple mathematical
estimate:

e Dbased on Burnet et al. estimates [22]: around 196 pa-
tients eligible;

e Dbased on Glimelius et al. estimates [23]: around 1957
patient eligible.

Table 3 Overview of publications studying RT patient eligibility for
PT

Percentage of patients esti-
mated to benefit from PT
2.2% of RT patients (consid-
ered eligible and treated)
1.5% of RT patients (consid-
ered eligible and treated)
14—15% of RT patients (con-
sidered eligible due to benefit)
4.3% of RT patients (consid-
ered eligible due to benefit)
10% of RT patients (treated)

Ebner et al. (2022) [21]
Burnet et al. (2020) [22]
Glimelius et al. (2005) [23]
Burnet et al. (2022) [24]

Lee et al. (2021) [25]
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Although this is a very simplified approach, it does pro-
vide first estimates for assessing the feasibility of PT in the
region. According to the statistics of European PT centres
[26], on average 223 adult patients and around 150 paediat-
ric patients are treated per centre, as per data of 2020. First
estimates do suggest that the number of PT eligible patients
from the Baltic States might be sufficient for such a facility.
Though, more in-depth analysis should be done in the future
based on cancer incidence and RT practice for different can-
cer types in the clinics within the Baltic States. This is a
currently on-going work and to be extended even further.

It should be noted, due to lacking clinical evidence in
particular cancer types, throughout the years alternative
methods have been developed for patient selection for PT.
Such examples are cost-effectiveness assessment, dosimet-
ric comparison and recently emerging normal tissue compli-
cation probability (NTCP) modelling. The latter approach
proves to be a beneficial estimation tool in head and neck
tumours, with development efforts for algorithms as well
in brain, breast and other types of cancer [27-29]. As these
tools would be highly beneficial in the case of the Baltic
States, the necessity of modern cancer registries becomes of
uttermost importance.

4 A novel path - helium ion therapy

From the technical perspective, the core technology consid-
ered for development of such a facility is the helium synchro-
tron —a compact medical synchrotron in active development
by the Next lon Medical Machine Study (NIMMS) collabo-
ration [30] at CERN. The choice of helium-4 ions as the
design particle for the machine has been made to address
the recent re-emergence of interest in application of this ion
type for cancer therapy. A clear research interest can be seen
in ion therapy centres both in Europe and Asia [31-33]. As
the role of helium ion therapy for cancer treatment is yet
to be explored, particle accelerator systems for helium ion
therapy would be highly beneficial to allow the necessary
clinical research.

From clinical perspective, use of helium-4 ions for can-
cer therapy was already explored in the early stages of PT
back at Lawrence Berkley National Laboratory [34], with
the current renaissance mainly emerging from Heidelberg
Ion Therapy centre, with the first patient treated in 2022
[31]. From a physical perspective, use of helium ions com-
pared to protons could greatly increase the dose conformal-
ity due to reduced range straggling and lateral scattering
(see Fig. 2.) and also increase the biological effectiveness.
While in comparison to carbon ion beams, helium provided
reduced fragmentation tail and more importantly - smaller
and less demanding accelerator system would be necessary.
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Early treatment plan modelling studies have indeed shown
helium-4 ions as a possible evolution of proton therapy,
reducing the normal tissue toxicity in certain clinical sce-
narios [35-37].

One of the main design considerations for the develop-
ment of this accelerator is also to reduce the footprint of
the facility and the cost, compared to carbon ion therapy
facilities. The technology under development is a compact
normal conducting (1.65 Tesla magnets) synchrotron with
an estimated footprint of about 2200 m? [38]. The system
is designed for acceleration of fully stripped helium-4 ions
with treatment relevant energies up to 220 MeV/u, with the
possibility of proton acceleration, as well, correspondingly
to energies of about 700 MeV, thus usable for full-body
radiography applications and research. A flexible extraction
system is foreseen, able to deliver ultra-high dose rates suit-
able for the novel FLASH therapy. The linear accelerator
injector system could also provide novel dual functionality,
being able to produce radioisotopes for nuclear medicine.
A schematic representation of the preliminary design of a
facility incorporating the proposed accelerator is given in
Fig. 3. In the preliminary design of the facility two treat-
ment rooms are foreseen, with a dedicated beam-line for
research, though possible adaptations can be considered in
further development stages of the initiative.

Although the design particle of the machine is helium-4
ion, the synchrotron could also deliver clinically established
proton therapy as for helium-4 ion usage the process of clin-
ical trials is yet to start. Adopting such a design for a clinical

Depth in water, [mm]

facility allows more customizability and opportunities for
research and skill development of the personnel. Most of
the components necessary for the technology are rather
standard, with additional R&D mainly required for FLASH
delivery: beam extraction, beam delivery system and deliv-
ery method itself, as well as dosimetry, beam monitoring
and other safety systems. With these unique opportunities,
such a facility would allow development of a vast program
both in clinical domain and scientific research.

5 Beyond particle therapy - possible
integration of nuclear medicine

Although the core function of the accelerator complex is
the use in particle therapy, as mentioned, the dual func-
tion linear accelerator will also allow parallel production
of radioisotopes for nuclear medicine. The usage of a lin-
ear accelerator would allow more efficient production with
deuteron and alpha particle beams compared to cyclotrons
due to increased beam transmission [38, 39]. Production of
radioisotopes would be completely independent from the
ion therapy and scientific research functions, as it would be
done with additional beam pulses in the linear accelerator
structure only. Operation mode for the synchrotron is fore-
seen at 1 Hz, while for the linear accelerator — at 50 Hz. As
the linear accelerator can be modulated on pulse-to-pulse
basis, the beam can be independently adapted for the differ-
ent functions of the facility [38, 39].

@ Springer
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Fig. 3 Preliminary layout of the
proposed facility using helium
synchrotron
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While various radioactive isotopes for production have
been considered from the technical possibility perspective,
survey data from clinical users were presented within the
framework of the PRISMAP Consortium [40—42]. With a
total of 114 respondents from 30 European countries and
104 different institutions (out of which 48 respondents from
research institutions and 40 clinical institutions) the main
interests and demands for the future in nuclear medicine
are for theragnostic and targeted alpha therapy isotopes —
actinium-225 and other alphas emitters, copper-64 and iso-
topes from scandium and terbium families. Possible use of
such isotopes would also be a novelty for the Baltic States,
as currently only more conventional isotopes are used such
as fluorine-18, technetium-99m, iodine-123 and iodine-131,
lutetium-177, radium-223.

Integrating these clinical interests into the technical
design of the facility is highly important. As production of
non-conventional isotopes could be done in the proposed
facility, possible export pathways should be considered in
co-operation with the 2 soon-operational cyclotron produc-
tion facilities in Lithuania and Latvia [43][44].

5.1 Findings of the workshop. Future outlooks

Development of a particle therapy centre within the Baltic
States based on NIMMS helium synchrotron technology is

@ Springer
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a unique opportunity for the region to evolve both in clini-
cal and scientific research capacity. From the technological
point of view, the accelerator complex provides customiz-
ability to user needs, vast research spectrum possibilities,
while keeping R&D risk minimal owing to standard tech-
nology usage in the design. The customizability also cor-
responds to the envisioned usage of such a facility — both as
a scientific research centre and a clinical treatment facility.
One of the key considerations before further developments
was, of course, whether the number of patients eligible for
particle therapy would be sufficient to run such a facility.
The first estimates presented here have shown a promising
starting point, which prompts for more in-depth analysis of
this aspect in the future.

An important aspect regarding the availability of cancer
statistics data for such an initiative was also put forward. For
long-term goals of this initiative, development strategies are
needed to provide state-of-the-art national cancer registries.
Improvements can be considered for the existing registries
in Lithuania and Estonia, though this aspect is even more
important in Latvia, as currently a dedicated registry is lack-
ing, which already complicated some of the data collection
procedures. A consensus within the workshop was reached
that the creation and improvement of national cancer regis-
tries are crucial for the success of such a proposed facility,
as this data is necessary to make joint decisions between the
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3 Baltic States on the number of eligible patients, as well
as patient referral and reimbursement system functioning.
From a clinical perspective, strengthening the support of
the Baltic medical community for this initiative is crucial.
A long-term project of this scale cannot be planned without
clear and direct support from the medical communities of
the region.

Throughout the workshop, the importance of scientific
research function was discussed heavily, as well. As the
helium synchrotron would be a custom-made particle accel-
erator, the scientific research function of the proposed facil-
ity is of high importance, with a broad programme to be
foreseen. Pre-clinical and clinical research will be of high
importance to develop the role of helium ion therapy in
cancer treatment. The facility would also provide research
opportunities in medical physics, dosimetry, accelerator
physics, and related technology development, while the use
of the linear accelerator for radioisotope production — in
nuclear medicine, nuclear physics, radiochemistry, material
science, and others. The proposed facility has a large scien-
tific research potential, thus a more detailed programme is
to be developed in the future within the foreseen feasibility
study, as discussed next.

Findings of the workshop have gathered support both
from medical communities and political bodies within the
Baltic States for further investigations of the feasibility of
such a facility. Such investigations are planned to be carried
out in a dedicated longer-term feasibility study done by Bal-
tic States specialists and researchers in close collaboration
with CERN experts. The length of the feasibility study is
envisioned to be 2 years, with the finalization of the pro-
gramme and working plan currently on-going. The feasibil-
ity study is to focus on 3 main areas: cancer epidemiology in
the Baltic States and clinical aspects, technical integration
of the helium synchrotron into a dedicated facility and lastly
— economic aspects.
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