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ARTICLE INFO ABSTRACT

Keywords: Background/purpose: To reduce inequalities among SIOPE-affiliated countries, standard and optional levels to
Pediatric deliver ‘Good Clinical Practice’ compliant treatment in pediatric radiation oncology have been published. The
Radiotherapy aim of this project was to map the availability of pediatric radiotherapy resources across SIOPE-affiliated
if&PCEurope radiotherapy departments.

Rare cancers Materials/methods: An online survey with 34 questions was distributed to 246 radiotherapy departments across
Organization 35 SIOPE-affiliated countries. In addition to demographic data, 15 general items related to the organization of

the radiotherapy process, and 10 radiotherapy-specific items were defined. For each of the 25 items, sum scores
were calculated per center and country. Mann-Whitney U tests were used to analyze associations.

Results: Between March-June 2019, 121 departments (49 %) out of 31 countries (89 %) completed the survey. At
center level, involvement of core disciplines in tumor boards (28 %), and integration of dedicated pediatric
radiation therapy technologists (24 %) are limited, while rare & complex brachytherapy procedures are per-
formed in many centers (23 %). For general and radiotherapy-specific items respectively, a relevant variation of
sum scores was observed across countries (Ageneral: <10 points; ARr specific: <5 points) and among centers within
a country (Ageneral: <9 points; ARt specific: <6 points). Sum scores for general and radiotherapy-specific items
were higher in countries with a high-income (p < 0.01) and higher health development index (p < 0.01). A larger
annual number of irradiated pediatric patients was associated with higher sum scores for general items (p <
0.01).
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Conclusion: This survey demonstrates the disparities in organization of pediatric radiotherapy departments be-
tween SIOPE-affiliated countries and centers within the same country. Investment is needed to reduce in-
equalities in pediatric radiotherapy care.

Introduction

Despite the increased cure rates for pediatric cancers, a significant
discrepancy exists in outcomes across Europe. Due to a lack of access to
essential and modern components of the multidisciplinary treatment
spectrum, disparities in survival rates of more than 20 % as well as in
late side-effects are a reality [1-4]. To reduce these inequalities, ‘Eu-
ropean Standards of Care for Children with Cancer’ have been defined,
consolidating the ideal requirements for pediatric cancer units across the
‘Société Internationale d’Oncologie Pédiatrique’ (SIOP) Europe (SIOPE)
affiliated countries [5]. These efforts have resulted in statements on the
access to essential medicines, a multi-stakeholder group ‘ACCELERATE’
to advance investigation of new drugs, and the radiotherapy project
‘QUARTET’. QUARTET is a centralized quality assurance program
designed to standardize care and improve the quality of radiotherapy
and imaging in international clinical trials [6-8].

In current protocols, radiotherapy is an essential treatment compo-
nent, being used in roughly one third of the pediatric patients [9]. While
radiotherapy for children often used a standard-treatment-for-all
approach in the past, nowadays it is becoming more complex using
risk-adapted strategies, the introduction of new radiotherapy modal-
ities, a variety of radiotherapy techniques, integration of normal tissue
constraints, expanding knowledge of molecular biology, and the com-
bination of radiotherapy with new drugs. Additional capital investments
and training of personnel related to these innovations potentially
enhance the risk of disparities in treatment delivery between countries
and between centers within the same country. For this reason, radiation,
and pediatric oncologists together with the strategic partners of SIOPE
recently defined ‘standard’ and ‘optional’ levels to offer Good Clinical
Practice (GCP) compliant treatments in pediatric radiation oncology
[10]. Within this ‘Joint Action on Rare Cancers’ (JARC) project, sup-
ported by the European Union and its member states, a list of items has
been developed focusing on patient care, education and training, and
the organization of patient-related research. In addition, more than 240
pediatric radiotherapy departments with at least one representative
radiation oncologist across 35 SIOPE-affiliated countries have been
mapped (https://siope.eu/about-siope/members/).

For a better understanding of the strengths and weaknesses of pe-
diatric radiotherapy practice across the SIOPE-affiliated countries, an
online survey was sent out to the pediatric radiation oncologists. The
aim of the current project was to map the availability of radiotherapy
resources for treating children with cancer across SIOPE that can serve
as a reference for clinicians, patients, and policymakers to reduce
inequalities.

Materials and methods

Between March and June 2019, a digital survey was distributed by
email to (pediatric) radiation oncologists working at 246 centers across
35 SIOPE-affiliated countries. The centers were mapped in a previous
part of the JARC project [10].

To document the organization of care in pediatric radiotherapy, an
online survey with 34 questions and sub-questions was designed with
SurveyMonkey (SurveyMonkey Inc., San Mateo, California, USA). The
survey included multiple-choice, dichotomous, and open-ended ques-
tions defined by a group of expert pediatric radiation oncologists after
consensual agreement and focused on daily activities related to patient
care (i.e., tumor board, consultation, treatment preparation, treatment
delivery, and follow-up after radiotherapy), education and training, plus
research, in addition to general questions [Supplementary file 1]. Per

center, only 1 response was required and accepted.

For data processing all questions were analyzed. However, items
which turned out to be of little relevance for the quality of the organi-
zation of care were not analyzed (e.g., Question: who prepares the child for
radiotherapy? Answer: (a) parents, (b) play specialists, (c) nurses, (d) ra-
diation therapy technologists, ...), as well as answers representing an in-
dividual opinion/situation which is not representative for the group or
the department (e.g., the level of education of the respondent). In addition
to the demographic data, 15 general items related to the organization of
the radiotherapy process, and 10 radiotherapy-specific items focusing
on the technical aspects were included in the final analysis.

The general items included: participation in, frequency and
composition of tumor boards, a child-friendly environment within the
radiotherapy department, the presence of educational or information
tools to prepare children for radiotherapy, the availability of the radi-
ation oncologists in case of an emergency or any urgent question, easy
access to anesthesiology for treatment preparation and/or delivery,
referral options for fertility preservation when indicated in the context
of radiotherapy, dedicated pediatric radiation therapy technologists, the
organization and involvement in late-effect outpatient clinics, access to
recent pediatric radiotherapy protocols, participation in prospective
clinical trials in pediatric oncology, and registration of radiotherapy and
outcome data [Supplementary file 2].

The evaluated radiotherapy-specific items included: the use of
head & neck and/or body fixation when indicated, availability of 3D-
treatment planning and 4D imaging, the use of intensity-modulated
radiotherapy (IMRT) and stereotactic radiosurgery (SRS) when indi-
cated, the application of cone-beam CT-scans and online position veri-
fication, as well as local access to brachytherapy and proton therapy
[Supplementary file 3]. Per general or radiotherapy-specific item
fulfilled, one point was awarded.

Sum scores were calculated for each of the 25 items and represent the
proportion of responding centers meeting an item. In addition, sum
scores (median and distribution) were calculated per country for both
general and radiotherapy-specific items.

Mann-Whitney-U tests were used to analyze associations between the
sum scores per center and socio-economic determinants of the country
like the Gross National Income (GNI in 2019; scores available in 2020;
https://data.oecd.org/natincome/gross-national-income.htm), Human
Development Index (HDI in 2019; scores available in 2021; https://hdr.
undp.org/data-center/human-development-index#/indicies/HDI), the
presence of a comprehensive pediatric cancer center (defined as a hos-
pital offering all medical disciplines for the treatment of pediatric can-
cer), and the number of pediatric patients treated within a radiotherapy
department on annual basis. A p-value < 0.05 was considered statisti-
cally significant.

Results

Responses from 121/246 (49 %) pediatric radiotherapy departments
out of 31/35 (89 %) SIOPE-affiliated countries were received. Fig. 1
demonstrates the distribution of the pediatric radiotherapy centers,
including the annual number of pediatric patients irradiated per
responding center. In 90/121 (74 %) participating centers, pediatric
radiotherapy was integrated in a comprehensive pediatric cancer center
(defined as a hospital offering all medical disciplines for the treatment of
pediatric cancer). While 12/121 (10 %) of the responding centers treat
> 100 patients per year with radiotherapy, 61/121 (50 %) irradiate < 25
cases [Fig. 2].
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General items, per center

As demonstrated in Fig. 3A, the majority (over 80 %) of the
responding centers scored well on access to pediatric radiotherapy
protocols, availability of anesthesia without treatment delay, referral for
fertility options when indicated for radiotherapy, availability in case of
emergencies, and the participation in tumor boards. However, a mi-
nority (less than 50 %) of the participating centers had radiation on-
cologists involved in the late effect outpatient clinics, had tumor boards
involving all core disciplines (defined as pediatric oncologists, radiation
oncologists, surgeons, neurosurgeons, imaging specialists, pathologists),
or had dedicated pediatric radiation therapy technologists for the pe-
diatric workflow.

Radiotherapy-specific items, per center

Fig. 3B demonstrates that all responding centers applied 3D radio-
therapy and used head & neck fixation, when indicated. More than 90 %
of the centers used cone-beam CT-scanning, which was combined with
online position verification in 71 % of the centers. Advanced photon
therapy techniques (IMRT) were available in 75 % of the centers. At the
time of the survey, 18/121 (15 %) centers were linked to a proton
therapy center while 28/121 (23 %) centers applied brachytherapy in
selected pediatric cases.

SPY
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Fig. 2. Histogram with the yearly number of pediatric patients treated with
radiotherapy per center in relation to the number of participating centers.

General and radiotherapy specific items, per country

The median sum scores per country for both general and
radiotherapy-specific items is shown in Fig. 4. On a national level, a
relevant variation (defined as: A > 5 points) in sum scores for general

Responses: 121/246 centers
31/35 countries

responder; number of RT patients/year
1:1

2:11-25
3: 26-50
4:51-100
5:101-150 .
6:151-200
7:201-250
8: 250+

© : non-responder

Fig. 1. The map of greater Europe with the distribution of the pediatric radiotherapy centers across SIOPE (numbers + dots), including the annual number of

pediatric patients irradiated per responding center.
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Fig. 4. Histogram ranking countries, including spread in between the national centers, based on the sum core for general (4A) and radiotherapy specific items (4B).

items was observed across centers within Turkey (A: 9 points); Belgium,
and Italy (A: 7 points); Hungary, Spain, and the United Kingdom (A: 6
points); Germany, and Switzerland (A: 5 points). For radiotherapy-
specific items a relevant variation was observed for radiotherapy de-
partments within Turkey (A: 6 points); Slovakia, and the Czech Republic
(A: 5 points).

Associations between demographics and sum scores per center

For both general and radiotherapy-specific items, radiotherapy de-
partments located in high-income countries based on Gross National
Income (108/121 centers), or countries with a Human Development
Index > 0.900 (78/121 centers) scored significantly better compared to
upper-middle income countries or countries with HDI scores below
0.900 [Table 1; Fig. 5]. Also, a higher annual number of patients treated
within a radiotherapy department was associated with better sum scores
for general items but not for radiotherapy-specific items [Table 1].

Discussion

This survey, performed in the context of the European Union ‘Joint
Action on Rare Cancers’ project, maps the availability of pediatric
radiotherapy resources across 121 centers in 31 of 35 SIOPE- affiliated
countries. Differences in scores related to the quality of organization and
access to modern radiotherapy tools are observed between countries but
also among centers within the same country. For general items, radio-
therapy departments treating a larger number of pediatric patients
scored better. Centers located in upper-middle income countries or in
countries with a lower human development index had a worse score for
items related to the general as to the radiotherapy-specific organization
of care.

Concerning the general items, over 85 % of the radiotherapy de-
partments have access to anesthesia and pediatric protocols and can
refer patients for radiotherapy-related fertility issues. Although tumor
boards are implemented in over 90 % of the centers, a weekly frequency
of meetings as well as the involvement of a core team of medical spe-
cialists are missing in over 70 % of centers. To further improve the scores
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Table 1

Univariable associations between demographics and sum scores per center.

Radiotherapy and Oncology 191 (2024) 110075

Demographic n General items (sum score) Radiotherapy items (sum score)
Median [range] p value Median [range] p value
GNI per capita, 2019 0.001* 0.001*
Upper-middle income 13 7.0 [3.0-13.0] 6.0 [3.0-9.0]
High income 108 11.0 [3.0-15.0] 8.0 [3.0-9.0]
Human Development Index (HDI), 2019 < 0.001* 0.006*
< 0.900 43 8.0 [3.0-15.0] 7.0 [3.0-9.0]
> 0.900 78 11.0 [6.0-15.0] 8.0 [4.0-10.0]
Comprehensive paediatric cancer centre 0.128 0.180
No 31 9.0 [3.0-14.0] 8.0 [4.0-9.0]
Yes 90 11.0 [3.0-15.0] 8.0 [3.0-10.0]
Yearly number of radiotherapy patients < 0.001~ 0.630
1-10 22 8.0 [3.0-13.0] 7.0 [3.0-9.0]
11-25 39 9.0 [5.0-14.0] 8.0 [3.0-9.0]
26-50 33 11.0 [5.0-15.0] 8.0 [4.0-10.0]
51-100 15 12.0 [8.0-15.0] 8.0 [4.0-10.0]
> 100 12 13.0 [4.0-14.0] 8.0 [3.0-10.0]

" Statistically significant difference between groups (p < 0.05).

related to the general items, registration of radiotherapy data and
outcome should be encouraged on a local and a national level. On a
European level, standard clinical practice guidelines are under devel-
opment within the context of the ‘European Reference Network on
Paediatric Cancer’ (ERN/PaedCan) (https://paedcan.ern-net.eu/the-es
cp-project/) in collaboration with SIOPE [11]. In addition, educational
information about radiotherapy for childhood cancer has become
available via the SIOPE website and will be translated in multiple lan-
guages (https://siope.eu/Radiotherapy-for-Childhood-Cancer).

On a technical level, it is encouraging to see that 3D treatment
planning and, on indication also head & neck fixation, is applied in all
centers. Also, the use of cone-beam CT-scans and online position veri-
fication is already available in more than 70 % of the responding in-
stitutes, offering the opportunity to apply high-precision treatments
with smaller margins towards the surrounding normal tissues. With a
growing proton therapy capacity across SIOPE affiliated countries, the
number of pediatric patients irradiated with protons is increasing
annually but still varies between countries depending on the capacity
and the ability to refer across different countries [https://ptcog.site/i
ndex.php/facilities-in-operation-public;[12]] For technical and logis-
tical reasons, most children are still irradiated with photon therapy.
Also, for this reason, within the photon therapy departments efforts
should be undertaken to introduce intensity modulated arc therapy
(IMAT) to further reduce the high-dose volumes in pediatric patients and
exploit the benefits of modern radiotherapy delineation guidelines
[13,14]. Since a clear association is observed between lower sum scores
and centers located in countries with a lower GNI per capita or HDI,
steering committee members from the SIOPE Radiation Oncology
Working Group together with representative radiation oncologists of
these countries are investigating the individual situation and needs
among centers and countries. This should result in a report that can
serve as a basis to negotiate missing general and/or radiotherapy-related
items at institutional or national level.

Fifty percent of the responding centers irradiate less than 25 pedi-
atric patients annually while 20 % treat between 1 and 10 patients only.
The correlation between a smaller number of pediatric patients irradi-
ated per center and a lower chance of reaching the general quality items
for pediatric radiotherapy is demonstrated in the current survey.
Although this survey is neither designed nor intended to demonstrate a
correlation between the annual number of patients irradiated per center
and outcome in survival or late toxicity, the question arises whether the
same quality of care can be offered below a certain threshold [15]. For
this reason, in France for example, a threshold of 12 patients per year
under the age of 16 years, excluding total body irradiation and palliative
treatments, has been defined by the French National Cancer Institute

(INCa) leading to centralization of pediatric radiation oncology in 15
reference centers among 29 centers of pediatric oncology [16].

Historically, radiotherapy for children was mainly delivered using
very simple techniques like parallel opposed fields. Nowadays, radiation
oncologists are offered an increasing availability of new modalities,
techniques, treatment modifications, and an increasing knowledge of
late effects of radiotherapy on normal organ structure and function.
These added complexities for pediatric tumors combined with a better
need for the understanding of the molecular biology may further in-
crease the already demonstrated disparities in survival and side-effects
in between countries, and by extrapolation also between large and
small departments within the same country [3,4]. Recently, pre-
treatment central radiotherapy quality control performed in Germany
for non-metastatic medulloblastoma patients participating in the SIOP
PNET-5 trial, demonstrated that unacceptable treatment plans for cra-
niospinal irradiation were negatively correlated to the number of pa-
tients enrolled per institution with a cut-off of five patients [17]. Earlier,
a strong correlation between the number of major target volume de-
viations and the risk of tumor relapse was observed in a French study
with 174 medulloblastoma patients [18]. In line with the Children’s
Oncology Group in the United States, SIOPE introduced QUARTET in
2016, which combines the pediatric radiation oncology expertise of
SIOPE with the infrastructure and experience of the European Organi-
zation for Research and Treatment of Cancer (EORTC) to deliver
radiotherapy quality assurance programs for international clinical trials
that include radiotherapy [8,19]. Prospective review of target volume
delineation and treatment plans before onset of treatment should tackle
the unacceptable deviations and reduce the risk of systematic and/or
incidental errors for patients treated in clinical trials. Also, the real-time
review ensures that the quality of radiotherapy meets the study objec-
tives, and the analysis of trial outcome is credible. In addition, the
QUARTET platform helps to reduce the administrative and logistical
burdens of implementing national RTQA programs, promoting equal
access to expertise across SIOPE-affiliated countries.

A highly selected group of pediatric patients, particularly rhabdo-
myosarcomas of the urogenital and head & neck area, can benefit from
the ballistic advantages of brachytherapy compared to modern photon
or proton therapy [20,21]. In this survey 28/121 centers offered
brachytherapy. Given the large number of centers performing this
approach, the rarity of good candidates, and the complexity of
combining special surgical techniques with interstitial procedures, a
recent survey was undertaken by the SIOPE Radiation Oncology
Working Group aiming to map the indications, the estimated annual
numbers, as well as the available techniques and the origin of patients
per center [Janssens, unpublished data]. This survey demonstrates that
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or a higher Human Development Index (HDI > 0.900) and the superior sum score for general (5A/C) and radiotherapy specific items (5B/D).

most of the centers apply brachytherapy for indications in the head &
neck or urogenital region. Altogether, the respondents perform
brachytherapy in an estimated number of 60-70 pediatric patients
annually, often referred internationally. The survey also revealed that
respondents are not well informed about the potential indications for
brachytherapy. To improve awareness of the potential indications for
pediatric brachytherapy, experts involved in this survey endorse the
importance of a certain degree of centralization of brachytherapy across
SIOPE-affiliated countries. In the meantime, Chargari et al. recently
demonstrated high local control rates with acceptable late severe
complication probabilities and the feasibility of an international
brachytherapy referral network for selected pediatric tumors, mainly of
the urogenital region [21].

This survey has a few limitations. First, although 121/246 centers
across 31 out of 35 SIOPE-affiliated countries participated in the survey
and all the major radiotherapy departments responded, the potential
bias on the results due to the missing data from the 50 % non-responding
centers is unclear. In our opinion, the observed association between
income level, HDI, volume and score would likely still hold if the missing
data were added, which would include more low-volume centers and
centers from non-high-income countries. Secondly, the ongoing imple-
mentation of new technologies in radiotherapy and the associated
radiotherapy items collected in this analysis potentially underestimates
the current situation per center and per country in 2023. Radiotherapy is
evolving in a continuous manner, hence each analysis will de facto only
provide data of a certain time point, urging for frequent reappraisal.
However, we are more concerned about the large number of centers
performing the rare and highly complex brachytherapy procedures and,
the fact that patients who benefit most from proton therapy often cannot

be referred. In addition, a major part of the survey is not focused on
technology but on the organization of care. Creating awareness of
organizing weekly tumor boards with all core disciplines present is an
important message.

In conclusion, this survey offers a unique insight in the level of or-
ganization of the radiotherapy departments treating pediatric patients
across SIOPE-affiliated countries and confirms the disparities between
countries but also among centers within the same country. SIOPE rec-
ommendations combined with local implementation of new techniques
and technologies should help to decrease disparities among the affiliated
countries. However, this will be a progressive endeavor, resulting in a
continuously changing - and improving - landscape. Therefore, there
will be the need to repeat the survey at regular basis to keep track of the
organizational progress made within the field of pediatric radiation
oncology.
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