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Abstract

Background: The initial training of Radiation Oncology professionals can vary widely across Europe. The aim of this
study was to assess the status and content of the initial training programs currently implemented in the Greater
Region: Lorraine (Nancy, France), Saarland (Homburg, Germany), Luxembourg, and Liege (Wallonia, Belgium).

Methods: A survey was developed to investigate (1) the overall satisfaction, learning objectives, and teaching meth-
ods used during initial training programs and (2) the perceptions of the importance of key professional competencies
as described by the CanMEDS (a framework that identifies and describes the abilities physicians require to effectively
meet the health care needs of the people they serve). In addition, open-ended questions were used to elicit opinions
on room for improvement. Participants (N = 38) were physicians (radiation oncologists (RO) seniors and residents) and
radiation therapists (RTTs).

Results: Only 21.1% of the respondents declared having acquired all the competencies required for their professional
practice during their initial training. Heterogeneity in teaching methods was noted within professional programs but
there is no difference between those from RO and RTT in the teaching of technical and relational skills. Relational skills
were not addressed in a range of 39.5-57.9% of respondent’s curricula. More practical lessons were deemed neces-
sary to improve radiotherapy (RT) training programs.

Conclusions: Radiation oncology professionals expressed the need for more practical teaching, especially in the
training of non-technical skills. Regarding the perceived importance of professional aptitudes, radiation oncology
professionals highlighted medical and relational skills as the most important competencies.
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Background is constantly developing and improving therapies to
The burden of cancer is a global concern with 18.1 mil-  address the issue. Currently, about 50% of cancer patients
lion of newly diagnosed cases a year and 9.6 million receive radiotherapy (RT) during their treatment process.
cancer-related deaths in 2018 [1]. The scientific commu- Indeed, RT alone or in combination with other thera-
nity, supported by continuous technological advances, peutic modalities, improves the cure rate for 3.5 million
people and provides palliative relief for an additional 3.5
million people [2, 3].

*Correspondence: nadege.dubois@chuliege.be In 2008, the International Atomic Energy Agency
" Medical Simulation Center of Liége, Department of Public Health, Liége (IAEA) drew attention on the heterogeneity of RT sup-
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infrastructures and staff training programs [4]. In Europe,
an European society for Radiotherapy and Oncology
(ESTRO) multidisciplinary survey assessed the organiza-
tion, content, duration and cost of RT training programs,
and found considerable variation among European coun-
tries despite attempts at standardization [5].

As a result, the ESTRO proposed timely updated core
curricula available for each RT specialty based on theo-
retical knowledge and emphasizing on competency-
based training programs [6, 7]. These curricula, based
on the CanMEDS skills model that describes the seven
roles carried out by all physicians [8], aim to define the
minimum skills RT professionals may require to improve
patients outcomes.

RT treatment involves multiple tasks and responsibili-
ties in a complex interprofessional setting including not
only radiation oncologists (RO) but also physicists and
radiation therapists (RTT). Existing differences in their
expectations and practices are challenging and question
the need for professional skills training to work effec-
tively as a team [9, 10].

In order to contribute to the joint-effort to standard-
ize and update training programs in RT institutions in a
European cross-border region (the Greater Region) [11],
we investigated the status and content of the initial train-
ing programs currently implemented in universities and
associated cancer treating centers in the Greater Region,
as well as the satisfaction and improvement suggestions
from a professional perspective. Based on the findings,
we aimed to identify key elements for a relevant, stand-
ardized and updated training that echoes the expecta-
tions of the professional community as well as the quality
requirements for daily practices.

Methods

Study design and procedures

An anonymous online survey using a protected docu-
ment was sent through an open-source software (Google
drive) to RO (including residents) and RTT (radiation
therapists) working in RT departments and training insti-
tutions of the Interreg project in the Greater Region (EU-
Interreg Va Greater Region Program N°043-1-01-125).
Invitations to participate in the study were sent to the
professional mailing lists of the institutions after approval
by each RT head of department leading to a voluntary
non-probability sampling method. The survey was kept
open during 1 year from July 2019 to July 2020.

Survey description

This survey was created by a radiation oncologist and
senior author (SBM) and a pedagogical expert (ND) to
get an overview of the initial training of RT professionals.
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The survey first addressed the sociodemographic data
of the respondents (4 items). The second part consisted
in questions about the self-perceived satisfaction about
the general organization (4 items; multiple choice), con-
tent and teaching materials used during the training (6
items about teaching materials and rating for relevance
and adequacy). Content topics were divided into 3 cat-
egories: knowledge of basic and applied RT sciences,
technical skills related to the workflow of cancer patients
during the treatment process and finally non-technical
skills.

Participants were also asked about the relevance of the
topics taught in their training curriculum in view of their
daily professional practice and the appropriateness of the
teaching materials used by rating them using a 3-point
Likert scale. Participants were then asked to rate (from 1
to 7) the CanMEDS professional skills in terms of their
perceived importance in RT practice. Finally, open-ended
questions were used to make suggestions for improving
the training program. In total, the survey consisted of 18
items (see Additional file 1).

Data analysis and statistical methods
Classical descriptive statistics were performed to
describe the data. More specifically, frequencies and per-
centages were reported for qualitative variables, whereas
median and interquartile ranges (Q25-75) were used to
summarize quantitative variables due to non-normality.
Furthermore, chi-square tests were applied to assess the
association between the types of teaching methods used
and the training programs of the participants. In case
there were cells with expected count less than 5, Fisher’s
exact test was employed. Once the omnibus chi-square
test was significant, post-hoc examination using adjusted
standardized residuals was performed to find out the
significant associations. All results were considered to
be significant at the 5% critical level (p <0.05). Statistical
analyses were carried out using R packages version 3.5.3.
For the analysis of open-ended questions, we used a
combined approach for each individual question with a
direct content analysis realized by one reviewer, followed
by a summative content analysis. This allowed us to
structure our process in identifying and creating coding
categories. Concepts that did not belong to existing cat-
egories were grouped into an « others» category. Quanti-
fication focusing on frequency was then performed [12].

Results

Participants’ characteristics

A total of 40 questionnaires were obtained, of which
two were removed because of incomplete data, yield-
ing 38 valid questionnaires for analysis. The response
rate was, therefore, 21.35% (number of professionals
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contacted =178), with a completion rate of 95.00%. The
majority of participants were between 31 and 40 years
of age (50%, n=19), and had initial training as Radia-
tion Therapists (44.74%, n=17) or as RO (seniors or resi-
dents) (42.11%, n=16). Because RTTs may have multiple
initial educational backgrounds, the survey included sev-
eral response options: Nurse+RT specialty, MIT +RT
specialty, and RTT.

Table 1 summarizes the socio-demographics data of
the participants.

Self-perceived satisfaction of general organization

and content

More than half of the participants (n=22, 57.89%) felt
that they had acquired an extended field of core compe-
tencies, and about 21.05% (n =8) were confident that they
possessed all the required ones as regards to their clinical
daily practice (with significantly more RO). In contrast,
21.05% (n=8) of respondents were not satisfied with the
level of knowledge and competencies acquired. Most
participants indicated that sufficient or too much time
was spent on theoretical training (n=31, 81.58%) and
clinical work (n =30, 78.94%). On the other hand, 52.63%

Table 1 Socio-demographic data of the participants (N=38)

Categories Number (%)
Gender
Female 24 (63.16)
Male 14 (36.84)
Age (years)
20-25 0(0.00)
26-30 3(7.89)
31-40 19 (50.00)
41-50 5(13.16)
+50 11(28.95)
Institution
Sarre—Hombourg 4(10.53)
Lorraine—Nancy 19 (50)
French high school 3(7.89)
Liege 12(31.58)
Initial training
RO seniors and residents 16 (42.11)
RTT 22(57.98)
Nurse 2 (5.26)
Nurse + RT specialty 2 (5.26)
MIT 0(0)
MIT 4 RT specialty 1(2.63)
RTT 17 (44.74)
Other 0(0)

RO Radiation Oncologist, RT Radiotherapy, MIT Medical Imaging Technologist,
RTT Radiation Therapists
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(n=20) advocated that the time spent on practical train-
ing was not sufficient. This lack of practical lessons was
deemed stressful for 13.16% (n=5) of respondents
(see Additional file 2, Supplementary Tables 1-2). Only
one third of the participants attended seminars abroad
(n=13, 34.21%), although 73.68% (n=28) stated that
seminars could be useful to their profession. Only 36.84%
(n=14) experienced simulation based medical education
(SBME) during their training. Among professionals hav-
ing received SBME, 85.70% reported a positive opinion
(m=12). Most of them pointed out the importance of
SBME to fill the gap from theory to practice using sce-
narios that reflected reality, such as stressful or urgent
cases (75%). Others reported a better understanding of
anatomy (16.70%), and one participant also mentioned
the interest of SBME to learn patient safety and security
skills as well as error analysis (8.3%).

Topics and teaching methods addressed in initial training
Theoretical knowledge

Regarding theoretical knowledge, 26.32% (n=10) of
the participants indicated that clinical oncology was
not adequately covered in the curriculum. This lack was
also observed for Radiation physics, general oncology,
and radiotherapy techniques. Biological effects of radia-
tion (median=3 [2; 3]), general oncology (median=3
[2; 3]), and radiotherapy techniques (median=3 [2; 3])
were considered the most relevant topics to their profes-
sional practice. Regarding the adequacy of teaching sup-
port, more than half of participants considered that the
teaching supports used to address biological effects of
radiations, radiation physics, oncological pathology and
radiotherapy techniques quite adequate. The majority
indicated that the training they had received was fairly
adequate (medians of ratings: 2) (see Additional file 2,
Table 3).

Ex cathedra lecture was the most frequently mentioned
teaching method (range 47.4—65.8%), followed by practi-
cal lessons (range 5.3—-57.9%). About 25% of the partici-
pants added that e-learning was organized mainly in the
teaching of radiation protection. SBME was only used in
some cases, mainly in teaching clinical oncology (10.5%)
and medical imaging (10.5%). Instructors tended to use
more practical teaching for medical imaging. Other
methods (range 10.5-28.9%) were also used, especially in
teaching general and clinical oncology. Results are shown
in Table 2.

The association of teaching methods and initial
training programs were investigated. Background
training as Nurse, Nurse + RT specialty and MIT +RT
specialty have been collapsed into the RTT group.
Fisher’s exact tests revealed that the teaching methods
employed were significantly different in the teaching
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of four RT knowledge topics. Accordingly, ex-cathe-
dra (87.5%) was more observed in the RO training
while other methods (40.9%) were more employed in
the RTT training in the teaching of radiation phys-
ics (p<0.001). Furthermore, other methods were also
more prevalent in the teaching of biological effects of
radiation (40.9%, p<0.001), general oncology (50.0%,
p<0.001), and medical imaging (27.3%, p=0.029)
in the RTT training. In the RO training, on the other
hand, practical lessons (31.3%) were more employed
in the teaching of general oncology and e-learning in
medical imaging (25.0%). Results are shown in Table 2.

Technical skills

Participants highlighted four items as being particularly
relevant for their clinical practice: handling the initial
outpatient consultation (median=3, IQR: 2-3), the
simulation/planning sessions (median=3, IQR: 2-3),
the short- and long-term patient follow-up (median=3,
IQR: 2-3), and the management of emergencies
(median=3, IQR: 2-3). All topics were perceived as
quite relevant or highly relevant by the participants. In
terms of appropriateness, a similar trend was observed.
All participants reported that the skills related to the
cancer patient workflow were adequately taught in the
curriculum, with (median value of 2). However, 21.05%
reported that management of emergencies was not ade-
quately addressed; 18.42% reported that risk and inci-
dent management, contouring, dose prescription and
dosimetry should have received more attention in the
curriculum (see Additional file 2, Table 3).

Concerning technical skills, many participants
reported that several topics were not covered in the
curriculum. For more than half of the respondents,
these included the initial outpatient consultation and
quality management. Participants reported more
hands-on teaching, particularly in simulation/planning
session training (55.3%), contouring, dose prescription
and dosimetry (55.3%). Ex-cathedra lectures remained
the dominant approach (range: 13.2-47.4%). Interest-
ingly, SBME, was mentioned by more participants. The
topic that was strengthened by SBME was dose con-
straints for organs at risk (15.8%).

The teaching methods were found to be not differ-
ent between the RO and RTT training in the teach-
ing of technical skills in general. It was noted that the
topic ‘undertake the initial outpatient consultation’
was largely not addressed in the RTT training (72.7%)
and in terms of teaching methods, practical lessons
were more observed in teaching this topic in the RO
training (50.0%, p =0.016). The result can be found in
Table 3.
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Relational skills

All participants recognized the relevance of non-tech-
nical skills to their professional practice. Among these,
teamwork (median = 3.0, IQR: 2-3) and interprofessional
communication (median=3.0, IQR: 2-3), were given the
highest ranking. Teamwork (mean=2.0, IQR: 2.0-2.75)
was deemed highly adequate by the participants. For
other non-technical skills, some respondents indicated
that interprofessional communication (13.16%) and com-
munication with patients and their relatives (13.16%)
were not adequately addressed (see Additional file 2,
Table 3).

The teaching of relational skills appeared to be less
prevalent in the present sample and even absent from the
curriculum of almost half of the participants. Teaching
of non-technical skills was mostly done during practi-
cal (range 13.2-34.2%), SBME (range 5.3-15.8%) or ex-
cathedra lessons (range 10.5-28.9%). The skill that was
mostly taught by practical (34.2%) and SBME (15.8%) was
communication with patients and their relatives. No sig-
nificant differences in the teaching methods employed
were observed in the RO and RTT programs as presented
in Table 4.

Some professionals highlighted the satisfaction they
obtained and the response to their needs, especially
when less common teaching methods were used such
as exchanges with clinical experts or clinical hands-
on interventions. The most valued teaching tool for
half of the respondents was practical, hands-on lessons
(50.0%). Second in row, they preferred teaching that
allows relational exchanges, such as work or discussions
in small groups (29.4%), theoretical lessons (20.6%) and
digital materials (17.6%). SBME and case studies were
each reported by only one professional (total n for this
question =34).

Professional competencies

When respondents were asked to rate the seven profes-
sional competencies defined in the CanMEDS model
from 1 (least important) to 7 (most important) according
to their own practice [8], 5 competencies were rated as
important (median scores well above 4). These were pro-
fessional, medical experts, followed by communicator,
collaborator, and finally patient advocate. Leadership and
scholarship were indicated as the least important compe-
tencies. The results are shown in Table 5.

Further analysis revealed almost no correlations
between participants’ age groups and gender and their
ratings of the professional competencies, except in the
area of scholarship. Accordingly, male participants
(median=4.0, IQR: 3.0-4.75) had a higher mean rank
(p<0.01) than female participants (median=2.0, IQR:
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Table 5 Median and interquartile ranges (IQR) of the ranking of
professional competences (N =38)

Professional competencies Median [IQR]
Medical experts (theoretical and practical knowledge) 5.00 [3.00; 7.00]
Professional (ethical standard and excellence) 5.00 [2.00; 7.00]
Communicator (appropriate and effective communica- ~ 4.00 [3.00; 6.00]
tion)

Collaborator (collaboration with other health profes- 4,00 [3.00; 6.00]
sional)

Patient advocate (supporter and advisor) 4,00 [3.00; 6.00]
Scholar (continuing education, teaching, and research) ~ 3.00 [2.00; 4.00]
Leader (management of human and technical 1.00 [1.00; 4.00]

resources)

2.0-3.25). Specific initial education and perceived level
of knowledge acquisition were not significantly related to
participants’ professional competency rankings.

Improvement strategies: qualitative analysis

At the end of the survey, participants were asked what
courses could be added to their initial training (n=38),
the codification has led to the emergence of major themes
covering teaching methods but also major crosscutting
skills. Communication with patients and/or with other
professionals was mentioned frequently (n=10, 26.3%).
They also expressed the need for more practice (n=S8,
21.1%) and more specific courses (=9, 23.7%) in the
fields of dosimetry, medical oncology, and radiation ther-
apy-specific software. Four professionals also mentioned
a need for more teamwork training to improve inter- and
intra-team collaboration and team management (10.5%).
Other ways of improving training that were mentioned
were medical simulation, ergonomics, hypnosis, time
management and administrative matters.

Discussion

The aim of this study was to provide an overview of the
topics and teaching materials that have been used to
teach radiation oncology in the Greater Region in recent
decades. We also intended to explore the possibilities for
improving radiotherapy education according to profes-
sional’s opinions.

A recent study found that 16.7% of German young RO
were not satisfied with their residency program [13]. Sim-
ilarly, among Australian and New Zealand RO trainees,
7.5% reported that they were dissatisfied with their pro-
fessional activities as trainees. Regarding their sense of
self-efficacy, 54% were very satisfied with their feeling of
being able to handle technical and non-technical aspects
of RO, but 2.8% were not at all satisfied with this [14].
We found the same dichotomous pattern in our cohort,
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with 21.05% of participants reporting having acquired
all the competencies required for their clinical practice
on the one hand, and 21.05% of participants reporting
that they had not acquired enough competencies on the
other hand. Interestingly, one of the factors contributing
to professional well-being has been shown to be related
to workload or time management. Excessive workload
and time pressure create stress and can eventually lead to
burnout as reported by Leung et al., which showed that
13% of trainees in RO suffered from one and/or the other
[14]. In line with this, 13.16% of our population experi-
ence stress due to a lack of time.

A large proportion of participants, 39.47-57.89%,
reported that relational skills were not addressed
through their curriculum. Accordingly in the literature,
only tumor-specific learning was mentioned in addition
to basic science and training in RT technical skills with-
out attention for non-technical skills training [5, 13, 15].
Therefore, the fact that more than a third of our sur-
veyed population recommended to further emphasize
non-technical skills in their education, such as commu-
nication and team training reflected the training needs
from a professional perspective. In fact, the importance
of these skills have been re-emphasized in the ESTRO
core curricula and several small studies revealed that
communicational workshop for professionals could
improve not only self-efficacy but also patient satis-
faction [16-18]. In view of these findings, it would be
important to conduct surveys on this topic among a
larger number of RO and RTT to confirm them. It would
also be interesting to think about national or interna-
tional initiatives offering specific soft skills courses for
RO and RTT to fill this gap. This is important because
we know that although the various tasks of RO and RTT
are becoming more and more automated and artificial
intelligence (AI) is in full expansion, the fact remains
that patients like human contact with their caregivers
and that soft skills like good communication and empa-
thy are the basis of good patient care [19, 20].

Respondents rated all the teaching method mostly as
quite adequate, or very adequate. Ex cathedra lectures
and practical training lessons were the most commonly
used to acquire knowledge and technical skills. Non-
technical skills, despite not being covered very frequently,
were mainly addressed through practical lessons, fol-
lowed by ex-cathedra lectures and SBME. In the RT field,
SBME appeared to be used to train various skills and
procedural actions. A literature review by Rooney et al.
found that more than half of the studies involved screen-
based simulators and contouring exercises in particular.
This review showed that SBME appeared to be more
helpful than traditional teaching tools to learn specific
radiation oncology skills [21]. In our cohort, we noticed
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that the teaching methods were found to be not differ-
ent between the RO and RTT training in the teaching of
technical skills and relational skills. In contrast, ex-cathe-
dra, practical lessons and e-learning were more employed
in the RO training for theoretical knowledge including:
radiation physics, general oncology and medical imaging
respectively. Indeed, it was demonstrated that in Europe,
on average, 30% of medical student programs proposed
e-learning for radiotherapy [22].

Web-based learning tools such as e-learning should
not be underestimated as they enable the development of
self-awareness and the improvement of radio-anatomical
knowledge and treatment planning skills among RTT
and RO trainees [23, 24]. It should however be noted
that teaching methods, especially simulation modalities,
should carefully be selected and fit the intended learning
outcomes [25].

Regarding the seven professional competencies investi-
gated, our study reveals that RT professionals overempha-
size medical (medical expert and professional) and relational
(communicator and collaborator) skills. The former is the
most described and present in training programs, but the
latter is perceived as important even if it is not well repre-
sented in the programs. Leadership comes last, although its
importance in this radiation oncology was defined in a Del-
phi consensus study [26]. All competencies are valuable for
each professional function and should be present in the cur-
riculum of RT professionals, as reported by ESTRO and the
updated curricula for RO and RTT [6, 7].

The small sample size of the study entails a limitation in
the generalizability of the results, even though the find-
ings are in accordance with previously published studies
on the same topic. The limited number of participants
may be due to the prior approval required from the heads
of departments and also because the survey was launched
during the COVID-19 pandemic.

Conclusions

According to RT professionals working in the Greater
Region, more practical lessons are needed to improve
their training curriculum. Only one-fifth of the respond-
ents declared having acquired all the competencies
required for their professional practice during their ini-
tial training; and some of the professionals expressed the
stress caused by the lack of time for practical lessons.
Heterogeneity in teaching methods was noted within
professional programs but there was no significant dif-
ference observed in the teaching methods employed to
teach technical and relational skills in RO and RTT ini-
tial training programs. Furthermore, relational skills
were not addressed in about half of the respondent’s
curricula.
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The findings are not groundbreaking, given that it has
been recommended for many years that technical and
non-technical skills must constitute an integral part of
the RO and RTT curricula. Yet, the results obtained high-
lighted that certain prominent gaps between the initial
training, the field expectations, and the learning needs
from a professional perspective remain pertinent in this
region. It is, therefore, essential to realize curriculum
modifications, as prompted by this study, in the initial
training. In addition, it is highly recommended to provide
continuing education either on-site or from a distance tar-
geting RO and RTT professionals to address these iden-
tified needs and ESTRO recommendations, e.g., using
medical simulations teaching both technical and non-
technical skills. This is because there has been a voiced
demand as shown in the study, and it is only through these
effort and initiatives that medical education will have an
impact on the daily practices of health professionals.
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