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Abstract

Purpose To provide an introduction to the special issue containing the proceedings of the workshop on cancer therapy using
hadrons (proton, carbon ions or boron neutron capture therapy) that was held in Pavia in October 2023 and organized by
CNAO and IAEA.

Methods Papers contained in the issue are briefly summarized.

Results This issue contains a collection of papers from the workshop that provide a great opportunity to learn about the
status and progress of this technology.

Conclusions Particle therapy is exponentially growing worldwide. While several clinical trials are now providing convinc-
ing evidence of the effectiveness of the treatment in tumor control and reduced toxicity, the technology remains expensive
and the cost effectiveness is still under debate. The IAEA-CNAO workshop provided a clear picture of the state of the art

and future prospective of this technology.
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Cancer therapy with accelerated charged has a long history
(see the paper by Ugo Amaldi in this issue). According to
the statistics of the Particle Therapy Co-Operative Group
(PTCOG), in 2024 there are 120 proton and 14 carbon ion
therapy centers in operation [1], and many more under con-
struction. At the end of 2022, over 300,000 patients had
been treated with protons and over 50,000 with C-ions [2].
However, notwithstanding the physical [3] and radiobio-
logical [4] rationale, particle therapy has been often criti-
cized for the high cost/benefit ratio — in particular, lack of
level-1 evidence of superiority compared to X-ray therapy,
but much higher costs [5-7].

In recent years, with the exponential increase of particle
therapy centers worldwide, there is an accumulating clinical
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evidence that particle therapy can indeed reduce toxicity [8,
9] and improve survival in specific cases [10]. An additional
benefit comes from a careful selection of the patients, i.e.
identifying those patients that will benefit the most form
particles compared to X-rays (see Orlandi et al. in this
issue). Yet particle therapy remains more expensive, and an
effort to build facilities more compact remains essential to
democratize this technology [11, 12]. Moreover, the new
facilities should have higher intensity to be able to exploit
the FLASH effect [13] and increase conformality to reduce
the margins around the target [14].

The workshop organized by CNAO and IAEA in Pavia
in October 2023 addressed this issue with a highly interdis-
ciplinary approach. The status of the heavy ion facilities in
Pavia (Venchi et al.), Austria (Pivi et al.) and Marburg (Zink
et al.) is described in this issue. A special emphasis was
dedicated to clinical results for chordomas and chondro-
sarcomas (Fossati et al.), head and neck (Vischioni et al.),
gynecological tumors (Barcellini et al.) and CNS (Harrabi
etal.).

About the problem of health effectiveness of particle
therapy, important contributions come from Krengli et al.
and Livraga et al. and for cost reduction there are disruptive
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ideas about accelerator design (Rossi et al., Vretnar et al.)
and beam delivery (Volz et al., Pullia et al.).

It is likely that the next breakthrough in particle therapy
will come from biology, as described in the contribution of
Story et al. and Scifoni et al., this latter focusing on FLASH
with light ions.

Seven papers in the issue discuss status and perspective
of boron neutron capture therapy (BNCT), a technology
already introduced many years ago [15] but now experi-
encing an upswing thanks to the introduction of dedicated
linear accelerators (see Kreiner et al.). Interestingly, CNAO
in Pavia will be the first radiotherapy center able to offer
protons, carbon ions, and BNCT (see Rossi et al. and Licitra
et al.). The selection of the patients in CNAO will be a very
interesting task, as the center can direct the patient to any
hadron.

In conclusion, the CNAO-IAEA workshop demonstrated
that particle therapy is an effective technology, but also that
more research is needed to achieve the full benefit of light
ions and neutrons in cancer cure. Part of research goes in
physics and technology, with the aim of producing smaller
accelerators and faster and more conformal beam delivery,
also exploiting Al. Another large part goes in pre-clinical
radiobiology, especially important for high-LET ions and
neutrons. Biology and physics should then drive clinical
research that still needs randomized trials to gather level-1
evidence of superiority. This research is highly interdisci-
plinary, and physicians, physicists, engineers and biologists
are all needed in this effort. There will be soon many more
proton, neutron and heavy ion facilities available, and it is
essential that a global research effort proceeds in parallel
to support these new opportunities. International co-oper-
ation is very important for this research and in this context
PTCOG and IAEA can play an important role.
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