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Particle Therapy — A next logical step in the improvement

of radiotherapy
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Acta Oncologica has for more than two decades spon-
sored scientific symposia on emerging issues in all
fields of oncology. The most recent symposia within
radiation oncology have addressed stereotactic body
radiotherapy in 2006 [1], image-guided radiotherapy
in 2008 [2] and biology-guided adaptive radiotherapy
in 2010 [3].

Following the experience from 2008 with an Acta
Oncologica symposium co-localised with a sympo-
sium of the Nordic Association for Clinical Physics
(NACP) [4], the present issue contains publications
presented at the Acta Oncologica Symposium on
Particle Therapy as well as at the back-to-back event
of the NACP 2011 symposium [5], both held in
Uppsala, Sweden, on April 13-15, 2011. The choice
of topic this time came from the broad introduction
of new particle therapy facilities around the globe, in
particular proton therapy clinics. Although proton
therapy was suggested as early as 1946 [6] and the
first proton treatment worldwide of a cancer patient
was performed in Uppsala already in 1957 [7], par-
ticle therapy has not become widely available and the
capacity in the existing particle therapy facilities has
been limited. This situation is however about to
change and there is an almost exponential growth in
the number of planned facilities.

Presently, the first hospital-based particle therapy
facility in the Nordic countries is being established
in Uppsala; the Skandion clinic. This facility is a
national centre, designed to serve the whole popula-
tion of Sweden. Still it is expected that at least for
the first few years of operation, some capacity can

also be offered to neighbouring countries, for exam-
ple in the Nordic region. What makes this project
unique, also in an international context, is the con-
cept of cooperation between the seven academic
oncology departments of the country [8]. Rather
than referring patients to Uppsala for treatment, pre-
scription, planning and all preparations will be made
at the university clinics and patients will thereafter
be treated at the Skandion clinic in Uppsala. Beside
the opportunity to gather competence from a num-
ber of academic clinics into one single proton facil-
ity, this collaborative approach also offers a unique
possibility for sharing experiences, not only between
the cooperating clinics, but also with interested
regional centres or even international partners, since
a significant fraction of the collaboration will be
conducted via teleconferencing [9]. In addition, the
model is designed to promote scientific activities and
to constitute a ground for extensive collaboration in
clinical trials.

With the increased accessibility of particle ther-
apy follows the challenge of distributing and sharing
the proton-specific knowledge and expertise among
all potential actors in radiation oncology, who are or
will be considering treating patients that might bene-
fit from proton therapy. To make a contribution in
this direction, the organisers of this symposium
invited some of the most distinguished and experi-
enced actors on the particle therapy arena to share
their most recent experiences. In addition, a large
number of abstracts, mostly from the Nordic coun-
tries, were submitted for the proffered sessions and
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some of these contributions are published in the cur-
rent issue of the journal.

Following strict physics terminology, the very
concept of “particle” therapy may be confusing, since
almost anything of limited size, including electrons,
photons and dust, can be related to as “particles™.
However, in the context of radiotherapy, a conven-
tion has developed where “particles” should be
understood as positively charged ions, typically rang-
ing from hydrogen up to carbon. Also within this
restriction, not all particles are the same. Where the
potential for improved radiotherapy with hydrogen
ions, here after referred to as protons, is to be found
in the superior dose distributions and the limited
spill-over in dose to healthy tissues compared to con-
ventional radiotherapy [10], the most interesting
characteristics of carbon ions lies in the different bio-
logical effects of these particles compared to photons
and protons. This potential advantage of carbon ions
is due to their higher linear energy transfer (LET)
causing an enhanced radiobiological effectiveness
(RBE) [11]. Although the RBE of carbon ions is
expected to be higher in slowly growing tissues with
low o/B, their biological impact in high LET regions
is supposedly less dependent on the cell cycle or oxy-
genation status of the cells. Thus, carbon ions should
theoretically serve as a better treatment option for
slowly growing radioresistant tumours and their inher-
ent biological features could be used for targeted
dose painting of hypoxic regions in the tumours [12].
As of February 2009, it was estimated that about
5300 cancer patients had been treated with carbon
ions worldwide, compared to 61 000 treated with
protons [13].

Currently, the most highlighted indications for
carbon ion therapy are chondrosarcomas and chor-
domas of the skull base, malignant salivary gland
and brain tumours, prostate cancer, early stage
non-small cell lung cancer and hepatocellular carci-
nomas. Clinically, carbon ions are delivered in hypo-
fractionated schedules as a sole treatment or in
combination with photon therapy [14,15]. The pub-
lished data suggest that compared to proton therapy,
application of carbon ions yields superior local tumour
control in skull base chordomas and early stage
prostate cancer through delivery of higher biological
effective doses in these tumours [13], although this
has been debated [16]. Interestingly, the reported
treatment-related morbidities after carbon ion treat-
ments have been low despite the high biologically
equivalent doses delivered [14]. However, the inter-
pretation of the available data on carbon ion therapy
is difficult since there has been no clinical trial
comparing the efficacy or toxicities of carbon ions
with protons or photons for any tumour type. Inter-
institutional variations in fractionation, biological

modelling of RBE estimation and target definition
in carbon ion therapy may also complicate the
assessment of the treatment results. Since it is
expected that the availability of both proton and car-
bon ions in existing and upcoming heavy ion centres
will increase significantly during the next decade,
it will be even more important (or rather, urgent)
to address the question of the potential benefit of
carbon ions more thoroughly through multicentre
randomised clinical trials.

In a recent analysis of published clinical studies
[17] it was demonstrated that there is a clear dose—
response relationship for non-small cell lung cancer
(NSCLC) providing a base for dose-escalation to
improve local control and subsequently disease-free
survival for this disease. However, dose-escalation
possibilities are limited with photon-based RT due
the irradiation of nearby organs at risk. In particular,
the dose to uninvolved lung tissue is a concern,
where even the low dose bath (VSGy - VZOGy) from
intensity-modulated photon delivery techniques
seems to have a significant negative impact on lung
toxicity. The favourable physical properties of par-
ticle therapy is therefore a tempting way forward in
order to increase the dose to the target volumes
without exceeding normal tissue tolerance doses and
to improve the therapeutic ratio. Particle therapy
may be even more advantageous when combined
with chemotherapy [18], which is frequently used
for advanced tumours. An excellent review of the
status of particle therapy, covering treatment plan-
ning comparisons as well as the outcome of clinical
studies, for both early stage and locally advanced
stage non-small cell lung cancer is given by Liao
et al. [19] in this issue of Acta Oncologica. The main
obstacle for proton therapy in this anatomical site is
the large variations in tissue density within the treated
region and that lung tumours move with the patients
breathing, resulting in a risk of large deviations in
delivered dose compared to the planned dose on
static computed tomography (CT)-images. The situ-
ation becomes even more difficult if scanned particle
beams are used and where the interplay-effect of
target motion and dynamic beams will become
harder to account for. Several proposals have been
presented for alleviating these effects [20], for exam-
ple by gating, rescanning and tracking [21]. If satis-
fying solutions can be found for the motion issue it
is expected that particle therapy would play a signifi-
cant role in the future treatment of lung cancer.

Tumours in the head and neck and cranial regions
are often situated close to radiosensitive tissues like
the optical structures, the pituitary gland, the brain
stem, the spinal cord, the salivary glands and the
muscles involved in swallowing. Thus, physical proper-
ties of proton beams make this modality particularly



favourable for both orbital and sinonasal tumours
as well as for tumours in the oropharynx and
nasopharynx [22,23]. One of the largest patient
groups treated with particles is eye melanomas [24]
where around 20 000 patients have been treated
worldwide since 1975 [25]. Other tumour entities
for which particle therapy has been widely used are
skull base chordomas, chondrosarcomas [26,27] and
meningiomas [28-30].

In similarity to treatment of lung tumours, the
challenge for particle therapy in the head and neck
and skull base regions lies in the heterogeneity in the
densities of the involved tissues, which put great
demands on accurate dose calculation and delivery.
Treatment planning comparisons between photon
radiotherapy (mainly intensity-modulated treatments)
and particle therapy have usually shown that protons
are superior to photons [22]. However, the strict
clinical evidence for this is sparse [16,31], but some
studies indicate promising results for protons in a
number of patient groups, particularly tumours in
the oropharynx and nasopharynx [23] and skull base
meningiomas.

Worldwide, prostate cancer is the most common
tumour entity treated with protons, but the evi-
dence for this is limited. The motivation for particle
therapy for prostate cancer is the need for high
radiation doses as well as the dose sparing effects
on organs in the vicinity of the prostate. One ran-
domised study from the Massachusetts General
Hospital (MGH) was conducted on particle therapy
of prostate cancer [32]. All patients in this study
received conformal photon therapy (50.4 Gy) and
the randomisation was between two proton boost
doses (19.8 Gy (RBE) and 28.8 Gy (RBE), respec-
tively). Together with other studies the MGH study
forms a solid evidence for dose escalation in radia-
tion therapy for prostate cancer in general, however,
it does not prove that particle therapy is superior
to photon therapy. Yet promising experience for
carbon ions [14,33] as well as for protons [34] has
been presented. However, in a recent case-control
study from the MGH comparing outcomes in men
treated for localised prostate cancer, combined pho-
ton/proton radiotherapy was not superior to perma-
nent seed brachytherapy in terms of biochemical
relapse free survival and quality-of-life [35].

Presently there are only few on-going studies for
patients with prostate cancer (www.clinicaltrials.
gov). One study is randomising between hypo-
fractionated and conventional fractionated proton
therapy, while all other studies are phase I or II trials
focusing on low-, intermediate- or high-risk prostate
cancer treated with protons alone or in drug combi-
nations. There are no trials randomising between
charged particles and photons. Unfortunately, the
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ongoing trials will not be able to prove the principle
of charged particle therapy for prostate cancer and a
trial comparing at least toxicity outcomes is urgently
warranted.

For many paediatric malignancies, radiotherapy
is an inherent part of the multimodal treatment.
Paediatric patients are especially prone to acute and
late side-effects of irradiation due to the radio-
sensitivity of the growing normal tissues, relatively
large irradiated volumes and the additive side-effects
of the combined chemotherapy agents. Model stud-
ies in tumour entities such as medulloblastoma [36]
have clearly showed that compared to the best
available photon therapies, modern proton therapy
techniques could offer the best favourable outcomes
in terms of risk reduction of second malignancies
and non-cancer adverse events. In such settings,
there is little controversy regarding the benefits of
proton therapy in children. However, the imple-
mentation of proton therapy in treatment protocols
of paediatric malignancies requires an efficient
medical and practical decision flow which guaran-
tees the timing of radiotherapy in conjunction with
other treatment modalities. Moreover, the sensitiv-
ity of proton plans to anatomical changes [37] due
to chemotherapy or surgery underscores the impor-
tance of incorporation of adaptive radiotherapy in
proton treatment of children as well. Hence, the
major challenge in application of proton therapy for
children will not lie in defining indications but in
building infrastructures which secure appropriate
implementation of the technique in multi-modal
treatment settings.

In summary, this issue of Acta Oncologica pro-
vides an excellent overview of the current status and
new developments for some of the areas where par-
ticle therapy is believed to contribute significantly to
improved radiotherapy for future cancer patients.
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