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a b s t r a c t

Background and purpose: Image guidance is critical in achieving accurate and precise radiation delivery in
particle therapy, even more than in photon therapy. However, equipment, quality assurance procedures
and clinical workflows for image-guided particle therapy (IGPT) may vary substantially between centres
due to a lack of standardization. A survey was conducted to evaluate the current practice of IGPT in
European particle therapy centres.
Material and methods: In 2016, a questionnaire was distributed among 19 particle therapy centres in 12
European countries. The questionnaire consisted of 30 open and 37 closed questions related to image
guidance in the general clinical workflow, for moving targets, current research activities and future per-
spectives of IGPT.
Results: All centres completed the questionnaire. The IGPT methods used by the 10 treating centres var-
ied substantially. The 9 non-treating centres were in the process to introduce IGPT. Most centres have
developed their own IGPT strategies, being tightly connected to their specific technical implementation
and dose delivery methods.
Conclusions: Insight into the current clinical practice of IGPT in European particle therapy centres was
obtained. A variety in IGPT practices and procedures was confirmed, which underlines the need for har-
monisation of practice parameters and consensus guidelines.
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A recent report from IAEA stresses that radiation therapy is
effective and safe only as long as it is ‘‘complemented by supporting
accessories and trained staff” [1]. One of the most important ‘‘sup-
porting accessories” as defined by IAEA is imaging. Image Guided
Particle Therapy (IGPT), similarly to Image Guided Radiation Ther-
apy (IGRT) using megavoltage photons, represents a key concept in
the particle therapy workflow [2,3]. But the translation of recent
imaging concepts and technologies, such as cone-beam computed
tomography (CBCT) and immobilization techniques from photon
therapy to particle therapy has not always been straightforward.
Hence, IGPT lags behind image guidance in photon therapy.

In radiation therapy, ‘image guidance’ is a general term ensur-
ing the visualization and quantification of geometric uncertainties
caused by the treatment setup or changing anatomy of the patient
prior to or during a treatment fraction. For particle therapy, a
detailed understanding of intra- and inter-fractional changes is
essential for determining internal treatment margins and optimiz-
ing beam parameters in order to achieve greater accuracy and pre-
cision of radiation delivery. Moreover, the imaging requirements
for the treatment of moving targets using particles are more strin-
gent than for photons, as it is not only important to monitor posi-
tional changes of the tumour and/or normal tissues relative to the
isocentre, but also morphological changes in the beam path need to
be checked. Small positional variations can moreover lead to a sig-
nificantly larger dose degradation in particle therapy than in pho-
ton therapy. This degradation might not always be compensated
for by a correction of the isocentre, but may require treatment plan
adaptation.
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Particle therapy specific challenges can result in a difficult
translation of IGRT achievements to IGPT. First of all, up to the
point in which no vendor was present on the market, most centres
have developed their own strategies for image guidance, tightly
connected to their technical implementation and delivery meth-
ods. Hence, clinical procedures, equipment, and quality assurance
(QA) processes for IGPT can vary substantially between centres.

So far, these aspects have not been systematically analysed
across particle therapy centres. Given the lack of standardized pro-
cedures for IGPT, the need to cooperate among centres and
exchange knowledge as an integral part of modern radiation ther-
apy has been acknowledged as being of importance to bring parti-
cle therapy forward.

Given the increasing number of running and planned particle
therapy facilities [4], a working group on Image Guidance in Parti-
cle Therapy within the framework of ESTRO’s European Particle
Therapy Network (EPTN) task force was established in 2015 [5].
The goal of this working group is to collect insight into ongoing
clinical practice, to identify bottlenecks and challenges of current
IGPT procedures and to drive the harmonization through practice
parameters and guidelines based on expert opinions, literature
and formal consensus between the European centres. Moreover,
an inventory of current research topics in IGPT will be provided,
with the intent of facilitating translation of innovative results into
clinical practice.

This report describes the results of the first IGPT survey by the
EPTN in European particle therapy centres. The aim was to assess
differences between centres in terms of IGPT usage for treatment
preparation, treatment planning, and treatment delivery in the
clinical workflow. Furthermore, the most urgent developments
needed to improve IGPT were identified, as well as the current
and planned IGPT research activities.

Materials and methods

In 2015, contact persons interested to participate in the IGPT
working group were identified within 19 participating European
particle therapy centres from 12 European countries. In February
2016, these centres were asked to complete a questionnaire on
the current status and future perspectives of IGPT. The question-
naire was divided into three sections: (1) IGPT in clinical practice,
(2) IGPT for moving targets, and (3) IGPT research activities and
future perspectives. The first section included imaging aspects for
patient immobilization, treatment simulation and planning, setup
verification, treatment evaluation and adaptation. The second sec-
tion included motion mitigation techniques, 4D imaging acquisi-
tion techniques, procedures for on-line target localisation and
repositioning as well as image registration/matching procedures.
In the third section, centres were asked to express their needs for
the most desirable developments in IGPT, to indicate their focus
on IGPT research, and to rank 7 pre-defined possible IGPT research
topics.

Results

In total, all of the 19 European particle centres responded to the
questionnaire by providing complete or partial information,
depending on the topic and the specific centres’ experience.

The majority of the centres (n = 10; 53%) were treating patients
with proton therapy, in most of the cases predominantly static
tumours. Only 2 centres were also treating patients with carbon
ions. In the following, we refer to these centres as treating centres.
At the time of the survey, 5 centres were under construction, and 4
were in the planning phase. In the following, these sites are

referred to as non-treating centres. Characteristics of the centres’
facility specifications are summarized in Fig. 1.

Patient immobilization

The practice with respect to immobilisation tools for brain/CNS
as well as for head-and-neck treatments is rather consistent
between the various centres. Four non-treating centres did not
respond to this part of the questionnaire. The other 15 centres
use thermoplastic masks, together with suitable frames for immo-
bilisation and accurate positioning reproducibility. Although not
specified by all centres, 3-point masks are generally used for brain
treatments and 5-point masks for head-and-neck treatments. The
use of head cushions varies between centres with customized head
supports used in 7/15 centres, while 5/15 others use standard
cushions and 3/15 did not specify. In total 8/15 centres use base
of skull head frames, with 6/10 being treating centres, while for
the other centres the type of frames or inserts was not specified.
Bite blocks are used only by two of the treating centres as an alter-
native or additionally to the masks.

The questionnaire highlighted varied practices with respect to
patient immobilisation for thorax treatments. Most of the non-
treating centres did not answer these questions. Five of the treating
centres and one non-treating centre use individual vacuum or
resin-based cushions and mattresses for patient fixation, while 5
centres use dedicated plates (e.g. breast board, head rest, arm rest)
or inserts. Two centres also use thermoplastic masks for patient
fixation.

For pelvis treatments, 8 out of 19 centres (will) use a vacuum
cushion for prone positioning, while 4 centres are using it in com-
bination with mask. Additionally, 5 centres are using a hip, knee or
feet fixation for supine positioning, while a belly board is used by
one centre. Moreover, 13 centres do not use fiducial markers for
the pelvic/abdominal region, do not treat these patients or did
not answer. Four treating and 2 non-treating centres use implanted
fiducial markers for positioning. Three of those use gold markers of
different sizes (0.28 � 10 mm, 0.75 � 5 mm, 1 � 3 mm) and one
uses polymer markers. Dose perturbation due to implanted
fiducials was evaluated in 5/6 centres using measurements (e.g.
radiochromic films), or based on the results from literature. The
water equivalent path length was assessed in one centre and 4
others stated that it has been included in the range uncertainty.

The use of a biodegradable rectum spacer is limited to one out
of the 4 centres treating prostate tumours, while two were using a
water-filled rectum balloon. For the other two centres planning to
treat prostate tumours the organ immobilisation was still under
investigation.

Fig. 1. Number of treatment rooms in European particle therapy centres.
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