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Abstract
Purpose  This study provides a comprehensive overview of the progress in hadron therapy within Europe, particularly 
highlighting the critical roles of the Proton Ion Medical Machine Study (PIMMS) and the Europ​ean Netwo​rk for Light​ Ion 
Hadro​n Thera​py (ENLIG​HT).
Methods  Our approach includes a retrospective analysis of the advances in hadron therapy facilities, facilitated by a syn-
thesis of interdisciplinary collaboration data gathered from ENLIGHT's annual meetings since 2002, and an assessment of 
European-funded projects and networks' contributions to the field.
Results  The results showcase significant advancements in cancer treatment due to collective efforts in hadron therapy, 
underscored by ENLIGHT’s pivotal role in fostering interdisciplinary cooperation and the harmonization of treatment 
protocols across Europe.
Conclusion  The evolution of hadron therapy, from its inception to its current impact on patient care, demonstrates the 
successful realization of complex medical technologies through sustained collaboration and standardized practices across 
European institutions and projects.
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1  Introduction

Hadron therapy, a state-of-the-art radiation therapy using 
mainly proton and ion beams, with cutting-edge technologies 
represents a significant advance in oncological treatments. 
This therapy, notably more precise than conventional radiation, 
minimizes damage to surrounding healthy tissues while target-
ing tumours and is particularly effective against those close to 
critical organs and the radio-resistant ones. The inception of 
the Proton Ion Medical Machine Study (PIMMS) in the late 
1990s marked a turning point in hadron therapy in Europe [1, 
2]. PIMMS not only pioneered the conceptual framework for 
advanced hadron therapy facilities but also set the stage for a 
broader multidisciplinary European collaboration in this field.

The launch of the European Network for Light Ion 
Hadron Therapy (ENLIGHT) in 2002 further catalyzed the 
development of hadron therapy [3]. As a multidisciplinary 
initiative, ENLIGHT united experts from various fields, 
including physics, biology, and medicine, fostering a 
collaborative environment essential for innovation. This 
network has played a crucial role in addressing the challenges 
of hadron therapy, such as cost, technical complexity, and 
the need for specialized medical and technical expertise [4].

Over the years, hadron therapy has evolved from an 
experimental treatment to a more widely accessible option 
for cancer patients. This progression can be attributed to the 
collaborative efforts of various European projects and net-
works, which have worked tirelessly to improve the technol-
ogy, increase treatment efficacy, and expand patient access. 
These collaborations have not only led to the establishment 
of new treatment centers across Europe but have also been 
instrumental in driving research, standardizing treatment 
protocols, and enhancing training and education in the field.

The introduction of hadron therapy marked a new era 
in cancer treatment, offering hope and improved outcomes 
for patients with certain types of cancer. The journey from 
PIMMS to ENLIGHT and beyond highlights the power of 
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collaboration and innovation in advancing medical technol-
ogy. As hadron therapy continues to evolve, it remains a 
testament to the ongoing efforts of the scientific and medical 
communities to improve cancer care.

This introduction provides an overview of the evolution and 
significance of hadron therapy in Europe, setting the stage for 
the detailed discussions in the main content of the document.

2 � Development of Hadron therapy facilities

•	 Historical overview

The inception of hadron therapy, utilizing protons and 
heavier ions for cancer treatment, marked a revolutionary step 
in medical science. The very first patient was treated with 
protons in September 1954 in Berkeley [5–7] and the first 
patient in the Gustaf Werner Institute, Uppsala, Sweden [8]. 
Europe has been at the forefront of hadron therapy innovation, 
with the early establishment of pioneering facilities dedicated 
to research and treatment. The first European hadron therapy 
center began operations in the mid-20th century, laying the 
groundwork for a new era in oncological care. These initial 
ventures set a global precedent, spurring the development 
of advanced treatment protocols and technologies that 
have significantly improved patient outcomes. Subsequent 

facilities built upon this foundation, incorporating cutting-
edge research and clinical applications to expand the reach 
and efficacy of hadron therapy.

•	 Technological advances

Technological innovations have propelled the expansion 
of hadron therapy, particularly through accelerator develop-
ment, enhanced beam delivery systems which allow for more 
precise tumor targeting and reduced impact on surrounding 
tissues. Simultaneously, imaging techniques have seen sig-
nificant improvements, integrating tools such as CT, PET, 
CT-PET and MRI into treatment plans, facilitating accurate 
real-time tracking and adjustments during therapy.

•	 Expansion of facilities

The expansion of hadron therapy centers across Europe 
has been substantial, reflecting the region's commitment 
to advancing cancer treatment. As of June 2023, Europe 
is home to 35 such centers, with four offering both proton 
and carbon ion therapies, signifying a versatile approach to 
oncological care (Figs. 1 and 2). These facilities are at the 
forefront of medical innovation, offering hope and advanced 
treatment options to patients. Notable among these is the 
very first dual-ion center with the very first carbon gantry 

Fig. 1   Hadron therapy facilities in operation worldwide, under construction and in the planning stage in June 2023 (www.​ptcog.​com)

http://www.ptcog.com
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in Heidelberg, Germany, which stands as a beacon of com-
prehensive cancer therapy in Europe [9].

•	 Patient access and impact

The expansion of hadron therapy centers has significantly 
improved patient access across Europe (Fig. 3). Enhanced 
availability has led to more patients benefiting from tar-
geted treatments, showing promising outcomes, especially 
in complex cancer cases. This increased accessibility is a 
leap forward in-patient care, reflecting a shift towards more 
personalized and effective oncological treatments [10, 11].

3 � ENLIGHT's aims and activities

•	 Mission and goals

ENLIGHT, the European Network for Light Ion Hadron 
Therapy, plays a pivotal role in harmonizing and advancing 
hadron therapy across Europe. Its mission is to foster collab-
oration and knowledge exchange among leading institutions, 

with the overarching goal of optimizing patient care through 
cutting-edge treatments. ENLIGHT's objectives encompass 
promoting interdisciplinary research, establishing standard-
ized treatment protocols, and nurturing educational initia-
tives. The network acts as a catalyst for innovation, bringing 
together experts from various fields to enhance the preci-
sion and efficacy of hadron therapy. By facilitating coopera-
tion and resource-sharing among its members, ENLIGHT 
embodies a commitment to ensuring equitable access to 
state-of-the-art cancer treatment options for all patients.

•	 Interdisciplinary approach

ENLIGHT's core strength lies in its unwavering 
commitment to fostering interdisciplinary collaboration 
within the field of hadron therapy. By seamlessly bridging 
the expertise of professionals from diverse fields, ENLIGHT 
has pioneered a holistic approach to advancing cancer 
treatment. The network serves as a dynamic platform where 
physicists, medical experts, radiobiologists, and engineers 
converge to synergize their knowledge and talents. This 
interdisciplinary synergy is at the heart of ENLIGHT's 

Fig. 2   European hadron therapy facilities in operation in 2023
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success, driving innovations that transcend traditional 
boundaries and propel the field forward. The network's 
emphasis on knowledge exchange and sharing of ideas 
has resulted in ground-breaking developments, ultimately 
benefiting patients by enhancing the precision, safety, and 
accessibility of hadron therapy across Europe.

•	 Research and development

ENLIGHT has made significant contributions to 
research in the field of hadron therapy, driving innovations 
that have a profound impact on cancer treatment. The net-
work actively supports and initiates a multitude of research 
projects, with a focus on advancing the understanding of 
radiation biology, treatment planning, and patient-specific 
dosimetry. Notable projects include investigations into the 
radiobiological effects of different ion beams, the develop-
ment of novel treatment protocols, and the exploration of 
advanced imaging techniques for treatment monitoring. 
ENLIGHT's commitment to research excellence extends 
to collaborative studies that explore the clinical efficacy 
of hadron therapy for various cancer types. These efforts 

collectively position ENLIGHT as a catalyst for ground-
breaking discoveries that continue to shape the future of 
cancer treatment across Europe [12–16].

•	 Education and training

ENLIGHT's commitment to education in hadron therapy 
features a comprehensive spectrum of initiatives designed 
to empower the next generation of experts. Through the 
PARTNER and ENTERVISION programs, ENLIGHT has 
cultivated a vibrant research exchange, encouraging mobil-
ity and collaborative learning. The cornerstone of their 
educational structure includes annual European meetings 
and specialized training days, which are complemented by 
competitive poster sessions that spotlight emerging sci-
entific talent. These gatherings not only serve as knowl-
edge hubs but also as arenas for recognizing and nurturing 
future leaders. Towards the culmination of these efforts, 
ENLIGHT Highlights (Fig. 4) and HITRI​plus Month​ly 
semin​ars stand out as platforms for extensive global infor-
mation sharing, reflecting ENLIGHT’s dedication to a uni-
versally informed and interconnected scientific community.

Fig. 3   Patients treated with proton and carbon ion beams worldwide by the end of 2022
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4 � Role of European Projects and Networks

•	 Collaborative initiatives

European projects and networks are pivotal in propelling 
hadron therapy to new heights. Collaborative initiatives like 
ENLIGHT, alongside joint research programs, have estab-
lished a robust framework for innovation and resource shar-
ing. These collective endeavors facilitate a synchronized 
approach to scientific challenges, allowing for the pooling 
of expertise, data, and cutting-edge technology. Such syner-
gies not only accelerate research outcomes but also ensure a 
cohesive-advances in knowledge and therapeutic techniques. 
By fostering a community that prioritizes cooperation over 
individual endeavor, networks like SEEIIST and initiatives 
in the Baltic countries are instrumental in shaping a future 
where hadron therapy becomes a standard, accessible treat-
ment option for cancer patients across Europe and beyond, 
ensuring inclusive healthcare advances.

•	 Funding and support

The progress in hadron therapy has been significantly 
enhanced by the backing of European funding. Financial 
support from organizations such as the European Com-
mission has been instrumental in catalyzing research and 
development. Through initiatives like the Horizon programs, 

substantial grants have been allocated to consortia like 
ENLIGHT, enabling the seamless operation of extensive 
research networks and top-quality collaborative projects. 
This funding is critical, not only for the direct scientific 
endeavors, but also for establishing infrastructure, procur-
ing advanced equipment, and supporting the cross-border 
movement of researchers. The generosity of these funding 
bodies underscores the European commitment to pioneering 
a future where hadron therapy is a cornerstone in the fight 
against cancer, illustrating a model where financial support 
is directly correlated with healthcare innovation.

5 � Looking forward: Expansion 
and inclusivity in radiotherapy

As we look to the future, projects such as SEEIIST and the 
Baltic region initiatives are at the forefront of expanding the 
reach of radiotherapy. SEEIIST, with its focus on building 
a state-of-the-art research facility, aims to not only drive 
forward scientific inquiry but also to become a hub for medi-
cal advancements within South East Europe. This project is 
a testament to the power of transnational collaboration in 
advancing medical technology [17].

Simultaneously, efforts are being made to integrate 
countries with lower and middle incomes into the fold of 
advanced radiotherapy treatments. Through the cultivation 

Fig. 4   ENLIGHT Highlights covers from 2012 to now - https://​enlig​ht.​web.​cern.​ch/​highl​ights

https://enlight.web.cern.ch/highlights
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of partnerships and the exchange of knowledge, European 
networks are actively striving to break down obstacles to 
access. The aim is to create a global environment where 
cutting-edge cancer treatment, like hadron therapy, is not 
a privilege of the few but a universal healthcare standard.

Financial support is critical in this inclusive approach, 
providing the necessary resources for research, develop-
ment, and the dissemination of knowledge. With sustained 
funding and support, the gap in radiotherapy access can be 
bridged, ensuring that advances in the field benefit not just 
a select region but contribute to the global fight against 
cancer. Through projects like SEEIIST and collaborations 
within the Baltic region and STELLA the path is paved for a 
more equitable distribution of high-quality cancer care [18].

It is hard to say where the field will go in the next 
10-20 years, but at the moment it appears clear that pro-
tons in particular are fairly mature as a technology, but 
still not as a clinical practice. Indeed, in spite of a huge 
number of treatment centers across the globe, we have not 
yet treated enough patients with clinical protocols so that 
hadron therapy has become an automatic part of cancer 
treatment. Hadron therapy will become part of the radia-
tion therapy practice once there are enough facilities and 
enough patients for whom that is the right treatment based 
on sufficient clinical data and experience. ENLIGHT and 
its powerful network of world specialists will continue to 
contribute to the growth of the particle therapy field.
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