
107

C H A P T E R  8
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The European Network for Light Ion Hadron �erapy (ENLIGHT) had its  inaugural 
meeting at European Organization for Nuclear Research (CERN) in February 2002. 

About 70 specialists from di�erent disciplines, including radiation biology,  oncology, 
 physics and engineering attended this �rst gathering [1]. At that time, ‘multidisciplinarity’ 
was not yet a buzzword and the network was a real pioneer in the �eld [2].

Clinicians, physicists, biologists and engineers with experience and interest in particle 
therapy were gathering for the �rst time under the network’s umbrella. Started with the 
support of the EU Commission, ENLIGHT itself has run four other EU-funded projects – 
ULICE, PARTNER, ENVISION and ENTERVISION [3–6]. In fact, the network has worked 
as an open collaborative tool and served as a common multidisciplinary platform for all 
the communities involved. Since its foundation, ENLIGHT has relied on the variety of 
skills of its members to be able to identify and tackle the technical challenges, train young 
researchers, support innovation and lobby for funding.

�e idea of creating a multi-disciplinary and transnational platform for researchers and 
experts involved with radiation therapy, including hadron therapy, was born in 2001, when 
the Proton−Ion Medical Machine Study (PIMMS) had been presented at MedAustron and 
the whole idea of setting up specialised centres providing multiple radiation modalities 
was taking o� in Europe [7]. �at was the time when European Society for Radiotherapy 
& Oncology (ESTRO) was also starting to see the importance of considering other radia-
tion options; at the same time, at CERN, Ugo Amaldi was pushing to get the organisation 
more heavily involved with hadron therapy and applications of accelerators advances in 
medical physics. �e creation of ENLIGHT was, indeed, the result of the work of a few 
visionary people who could see the power of collaboration and knowledge sharing.
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One of the most enlightening initiatives that the network supported was the organiza-
tion of conferences devoted to blending scienti�c backgrounds and expertise with the aim 
of creating a new culture of collaboration and sharing. �e �rst of such conferences was 
Physics for Health in Europe (PHE), held in 2010 at CERN, the temple of fundamental 
physics. Although, at �rst sight, large accelerators and giant detectors do not seem to have 
much in common with sharp tools that medicine needs, physics is not new to producing 
applications for life sciences. Several detection techniques are used in diagnosis instru-
ments, and radiation and hadron therapy were born in physics labs. �e idea of using pro-
tons for cancer treatment was �rst proposed in 1946 by the physicist Robert Wilson, who 
later became the founder and �rst director of the Fermi National Accelerator Laboratory 
(Fermilab) near Chicago [8]. �e �rst patients were treated in the 1950s in nuclear physics 
research facilities by means of non-dedicated accelerators. Initially, the clinical applica-
tions were limited to a few parts of the body, as accelerators were not powerful enough to 
allow protons to penetrate deep in the tissues.

In the late 1970s improvements in accelerator technology, coupled with advances in 
medical imaging and computing, made proton therapy a viable option for routine medi-
cal applications. However, it has only been since the beginning of the 1990s that proton 
 facilities have been established in clinical settings, the �rst one being in Loma Linda, 
California, United States. At the end of 2016, nearly 70 centres were in operation  worldwide, 
and another 63 are under construction or in the planning stage (Figure 8.1). Most of these 
are proton centres, 25 in the United States (protons only), 19 in Europe (3 dual centres), 15 
in Japan (4 carbon and 1 dual), 3 (1 carbon and 1 dual) in China and 4 in other parts of the 
world. Globally there is a huge momentum in particle therapy, especially treatment with 
protons. Sixty-three new centres are under construction – so that by 2021, there will be 130 
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FIGURE 8.1 Hadron therapy facilities in operation worldwide, under construction and in the 
planning stage at the end of 2016. (From https://www.ptcog.ch/index.php/facilities-in-operation; 
https://www.ptcog.ch/index.php/facilities-under-construction. Particle �erapy Co-Operative 
Group (PTCOG)).
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centres operating in nearly 30 di�erent countries. We can proudly say that the ENLIGHT 
e�orts de�nitely helped hadron therapy and high-tech medicine gain momentum by mak-
ing scientists and doctors plan common and synchronised actions.

�e �rst gatherings and conferences supported by ENLIGHT focused on the intrinsic 
physics processes that make hadron therapy a promising way of treating tumours which 
cannot be treated readily with conventional irradiation techniques since they are either 
radio-resistant or located very close to critical organs. �ey also discussed radiobiology, 
accelerators, radioisotope production, detectors and use of information technology. �e 
seeds were there to rapidly extend and set more ambitious goals for the network. In a cou-
ple of years, the PHE conference had already united with the purely medical ‘International 
Conference on Translational Research in Radio-Oncology’ (ICTR) to become the inter-
disciplinary ICTR-PHE conference, held every second year since 2012. With its 10-year 
history and it’s already established network of participants, ICTR injected new power into 
the newly created melting pot. Just like ENLIGHT itself, ICTR-PHE was established as a 
multidisciplinary conference since its beginning as it not only attracts experts in particle 
physics, hadron therapy, radiation therapy, but also nuclear medicine, immunotherapy and 
so on. PHE alone could only deal with topics such as detectors and techniques to detect 
the e�ects of speci�c particles in the body. On the other hand, translational research was 
already in ICTR but only within the limits of X-rays. �e two together created a new blend. 
Over the years, the physicists learnt to orient their e�orts in order to best meet doctors’ 
needs, and the medical environment learnt methodologies and approaches that came from 
the fundamental science labs. Sharing and discussing the results of the most recent research 
and addressing the challenges and possible developments to indicate the subjects with the 
highest priority for further studies in diagnosis and therapy on the European scale became 
just ordinary business for members of the community. A new way of thinking, working 
and collaborating was born, with radiochemists, nuclear-medicine physicians, biologists, 
so�ware developers, accelerators experts, radio-oncologists and detector and medical 
physicists being asked to make innovative proposals to boost further the comprehensive 
approach of cancer management. Adaptive radiotherapy driven by the tumour biological 
response to treatment, clinical applications of drug-radiation interactions as chemo- and 
bio-radiation, modulation of the host’s immune system by radiotherapy as well as accurate 
simulation tools for hadron therapy are among the most signi�cant innovations in treat-
ment optimization retrieved from these ‘bridging the gap’ strategies.

Today, what used to be a pioneering vision has become evidence: complex diseases, 
including cancer, show that the best treatment can only come as a result of the collabora-
tion of experts coming from many di�erent �elds. ENLIGHT has demonstrated the advan-
tages of regular and organised exchange of data, information and best practice. �e more 
we understand about cancer, the more we realise that it’s not a single disease but rather a 
multiplicity of di�erent health issues that can evolve in di�erent ways and have di�erent 
behaviours. If we want to �ght it, we have to invest all our e�orts in developing a per-
sonalised approach rather than searching for the single Holy Grail that will rescue all of 
humanity. In personalised medicine, we are looking for single signatures of speci�c issues 
that can be treated in a very targeted way. When we look at cancerous cells today, we search 
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for speci�c mutations to understand the radiosensitivity we should expect; we evaluate the 
whole situation with the help of many experts; we take into account the information com-
ing from a multitude of studies and contributions that are available in literature.

Personalised treatments are holding centre stage in the scienti�c debate on hadron 
therapy (Figure 8.2). Technology is not dormant: developments are crucial to reduce the 
costs; to provide treatments tailored to each speci�c case; and to reach the necessary level 
of sophistication in beam delivery to treat complex cases such as tumours inside, or close 
to, moving organs. In this context, imaging is key. Today, it is becoming obvious that the 
optimal imaging tool will necessarily have to combine di�erent imaging modalities, for 
example, positron emission tomography (PET) and prompt photons. PET is, of course, a 
mainstay for dose imaging, but a well-known issue in its application to in-beam real-time 
monitoring for hadron therapy comes from having to allow room for the beam nozzle: 
partial-ring PET scanners cannot provide full angular sampling and therefore introduce 
artefacts in the reconstructed images. �e time-of-�ight (TOF) technique is o�en used to 
improve the image-reconstruction process. An innovative concept, a jagiellonian  positron 
emission tomograph (J-PET) scanner detects back-to-back photons in plastic scintillators, 
and applies compressive sensing theory to obtain a better signal normalisation, and there-
fore improves the TOF resolution. �e new EXPLORER full-body PET, which is being 
developed in the United States, promises to bring a sixfold improvement with respect to 
the current situation. �e powerful machine is expected to allow clinicians to reconstruct 
images at a higher spatial resolution, detect smaller lesions and low-grade disease, and 
provide better statistics for kinetic modelling. EXPLORER will also deliver an expected 
fortyfold reduction in the radiation dose, which will allow more patients to be accurately 
diagnosed with a much lower risk and at an earlier stage.
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FIGURE 8.2 Collaborative approach to personalised treatment.
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�irty years ago, we were not aware that all these developments would have been pos-
sible. We didn’t have the technologies and the instrumentation; we didn’t know how to 
look at the cellular behaviour and evolution. Molecular biology was not born; the CT scan-
ner was not even a dream; PET and MRI didn’t exist. For example, in order to evaluate the 
radioresistance of cancerous cells we could just bombard the sample of cells taken from 
the tumour and count the surviving fraction a�er the radiation treatment. Today, we �nd 
all this very primitive and inaccurate. If we look at history, we realize that the quantum 
leap was actually done by cell and molecular biology, which has resulted in radiobiology 
being able to make rapid unexpected progress. We have improved our comprehension of 
molecular tumour response to irradiation with both ions and photons, and of the bio-
logical consequences of the complex, less repairable DNA damage caused speci�cally by 
ions. Understanding the cell signalling mechanisms a�ected by hadron therapy will lead 
to improvements in therapeutic e�cacy. A particularly thorny issue is the relative bio-
logical e�ectiveness (RBE) of protons and carbon with respect to photons. More extensive 
and systematic radiobiology studies with di�erent ions, under standardised dosimetry and 
laboratory conditions, are needed to clarify this and other open issues.

If we look at particle therapy today, we see that the next step will be the broad use of 
carbon and other ions. �ese have some clear advantages even over protons in providing 
both a local control of very aggressive tumours and a lower acute or late toxicity, thus 
enhancing the quality of life during and a�er cancer treatment. Since the birth of hadron 
therapy, more than 160,000 patients have been treated globally with hadrons, including 
about 20,000 with carbon ions.

A key element for such a quick evolution was training as particle therapy centres require 
highly trained sta�, and yet few experts exist in this rapidly expanding �eld. ENLIGHT 
demonstrated its visionary approach also in this �eld as training of the young generations 
was one of the main objectives of the network since the beginning. In addition, regular 
training sessions have been added to the ENLIGHT annual meetings as of 2016.

Hadron therapy is facing a dilemma when it comes to designing clinical trials. In fact, 
from a clinical standpoint, the ever-increasing number of hadron therapy patients would 
allow randomised trials to be performed – that is, systematic clinical studies in which 
patients are treated with comparative methods to determine which is the most e�ective 
curative protocol.

However, several considerations add layers of complexity to the clinical-trials landscape: 
the need to compare standard photon radiotherapy not only with protons but also with 
carbon ions, the positive results of hadron therapy treatments for main indications, and 
the non-negligible fact that most of the patients who contact a hadron therapy centre are 
well informed about the technique and will not accept being treated with conventional 
radiotherapy. Nevertheless, progress in clinical trials is being made. For the �rst time, in 
2015, at the ENLIGHT meeting in Kraków, the two dual-ion (proton and carbon) centres 
in Europe – HIT, in Heidelberg (Germany) and CNAO, in Pavia (Italy) – presented patient 
numbers and dose-distribution studies carried out at their facilities [9–11]. �e data were 
collected mainly in cohort studies carried out within a single institution, and the results 
o�en highlighted the need for larger statistics and a uni�ed database. More data from 
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patients treated with carbon ions are becoming available from the MedAustron hadron 
therapy centre in Wiener Neustadt (Austria). Clinical trials are also a major focus outside 
Europe: in the United States, several randomised and non-randomised trials have been set 
up to compare protons with photons, and to investigate either the survival improvement 
(for glioblastoma, non-small-cell lung cancer, hepatocellular carcinoma and oesophageal 
cancer) or the decrease of adverse e�ects (low-grade glioma, oropharyngeal cancer, naso-
pharyngeal cancer, prostate cancer and post-mastectomy radiotherapy in breast cancer). 
�e National Cancer Institute in the United States funded a trial comparing conventional 
radiation therapy and carbon ions for pancreatic cancer.

Fi�een years a�er the birth of ENLIGHT, we can be proud of our achievements, but 
we can’t rest yet and simply enjoy the results of our e�orts [12]. �e current situation calls 
for more and more inclusivity in the various disciplines that can help get the best results 
for the patients. One recent add-on is immunology. We don’t know yet where a deeper 
knowledge of the human immune system will bring us, but we can already see that this is 
becoming a key element that we have to take into account when we �ght cancer. As a mat-
ter of fact, the interactions of radiation with the host’s immune system are nowadays at the 
centre of many investigations. In addition, increasing attention is being paid to the asso-
ciation of various forms of immunotherapies with radiotherapy, in order to boost cancer 
cell killing. In this domain, current translational studies are investigating both the e�ects 
of immune checkpoint blockade strategies and adoptive immunotherapies in combination 
with radiation. We also need to involve all the professionals developing new technologies 
and make them focus on what the clinical �eld really needs. We need to closely monitor 
all the advances that experts are working on in their labs and rapidly bring them to the 
patient. We need to increase our e�ectiveness; we need to create new ways for the various 
disciplines to exchange best practice and to be willing to share what they have learnt in 
their respective research environments.

Several challenges still lie ahead, including securing funding and succeeding in har-
monising data, which is key to sharing information and best practices within the various 
communities.

Medical imaging has a key role as it allows medical doctors to deliver an e�ective dose 
to the target tumour site while minimising the side e�ects on healthy tissues: the volume 
and position of the tumour has to be assessed before, a�er and during treatment whenever 
possible by using a whole range of imaging tools, such as PET, magnetic resonance imaging 
(MRI) and computed tomography (CT) scans – alone or in combination. Moving organs 
such as lungs presents a challenging task for medical imaging, since the position of the 
tumour has to be monitored while it is being treated. �e integration of MRI with a linear 
accelerator, for example, can provide image guidance that is simultaneous with treatment, 
thus reducing the patient’s exposure to the additional ionising radiation of CT scans.

In terms of health economics, evidence-based rationale for hadron therapy is of critical 
importance, especially when considering the necessity of balancing absolute costs with 
the therapeutic index of this treatment modality. In a time of healthcare reforms in most 
countries, evidence-based justi�cation of new technologies is indeed an imperative step to 
support their utility and e�cacy. �is, together with the fact that hadron therapy cannot 



Role of Multidisciplinary Collaborative Network for Advancing Cancer Therapy   ◾   113

be uniformly the most sustainable option for all cancers, requires a precise identi�cation 
of those patients and malignancies subgroups which will most likely bene�t from the use 
of hadrons.

Emerging topics in all forms of radiation therapy are the collection, transfer and sharing 
of medical data, and the implementation of big data-analytics tools to inspect them. �ese 
tools will be crucial in implementing decision support systems, allowing treatment to be 
tailored to each individual patient. �e �ow of information in healthcare, and in particular 
in radiation therapy, is overwhelming not only in terms of data volume but also in terms 
of the diversity of data types involved. Indeed, experts need to analyse patient and tumour 
data, as well as complex physical dose arrays, and to correlate these with clinical outcomes 
that also have genetic determinants.

ENLIGHT has positioned itself as ‘THE’ network where all this can really take shape 
and grow. We can rely on world experts who are aware of the forefront technologies and 
latest breakthroughs. Over the years, the ENLIGHT community has shown a remarkable 
ability to reinvent itself, while maintaining its cornerstones of multi-disciplinarity, integra-
tion, openness and attention to future generations [12]. All the communities involved will 
have to draw a new list of priorities, which will allow them to tackle the latest challenges 
of a frontier discipline such as hadron therapy in the most e�ective way. Collaboration, 
inter-disciplinarity also add translational research are the models to follow. Making these 
models e�ective is key.
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