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Education and Training

Sandra Turner, Zvi Symon, and Jesper Grau Eriksen

3.1	� Introduction

The links between health professional education 
and training, patient outcomes and organisational 
quality and safety within health systems are well 
established [1–3]. Consequently, ensuring high-
quality evidence-based education for all radiation 
oncology professionals is crucial in optimising 
cancer patient care, particularly for those under-
going radiation therapy.

3.2	� Theoretical Background

Explicit competency- (or learning outcome-) 
based curricula are a recognised requirement for 
effective health professional learning [4, 5]. Such 
curricula must be supported by structured train-
ing programmes providing the full scope of 
opportunities for learning, appropriate supervi-
sion and assessment of progression and compe-
tence. Curriculum frameworks such as CanMEDS 
(Canadian Medical Education Directives for 
Specialists) support the design of such curricula 
[6], including for radiation oncology training [7, 
8]. Modern curriculum frameworks serve to 
highlight the multiple overlapping roles of health 
professionals in addition to their core expertise, 
e.g. medical expertise for doctors, physics knowl-
edge and skills for medical physicists, and so on 
(Fig. 3.1).

By way of example, some skills to be mas-
tered by training radiation oncologists in manag-
ing breast cancer and the links to the CanMEDS 
Medical Expert and other (‘Intrinsic’) roles are 
shown in Table 3.1.

It is important to recognise that education is 
an on-going commitment for all health profes-
sionals in order to maintain currency and exper-
tise. Life-long learning is of utmost relevance to 
the field of radiation oncology due to its rapid 
and continual evolution.
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Fig. 3.1  CanMEDS diagram showing the multiple roles 
of the medical specialist. (Copyright © 2015 The Royal 
College of Physicians and Surgeons of Canada. http://
www.royalcol lege.ca/rcs i te /canmeds/canmeds-
framework-e. Reproduced with permission)

Table 3.1  Example radiation oncologist competencies 
and corresponding CanMEDS roles

Competence CanMEDS role/s
Assessing a new patient for 
breast radiation therapy

Medical expert, 
communicator

Presenting a patient & actively 
participating in a breast cancer 
multidisciplinary meeting

Medical expert, 
collaborator, 
advocate, scholar

Contouring target volumes & 
organs/structures at risk for a 
course of breast radiation 
therapy

Medical expert

Recruiting & consenting a 
woman with breast cancer to a 
clinical trial

Medical expert, 
communicator, 
scholar

Managing psychosocial/sexual 
&/or cultural issues relating to 
change in body image following 
breast cancer treatment

Medical expert, 
communicator, 
professional

Participating in a quality 
improvement project (e.g. to 
streamline bookings for breast 
radiation therapy at your centre)

Collaborator, 
leader

3.3	� Foundational Oncology 
Sciences

All radiation oncology professionals require edu-
cation in the sciences underlying the safe practice 
of oncology including planning and delivery of 

radiation therapy. The different radiation oncol-
ogy professional team members need varying 
levels of expertise across the subjects of cancer/
radiation biology, radiation physics, oncological 
anatomy including imaging techniques and 
pathology.

3.4	� Core Requirements 
for Training Institutions/
Departments

Training institutions should be accredited in 
accordance with national and/or international 
regulations. The training institution, either alone 
or in cooperation with other regional depart-
ments, must be adequately equipped to support 
both the workload and range of radiation oncol-
ogy services required for training professionals 
in state-of-the-art breast radiation oncology. If 
such minimum requirements cannot be met by a 
single institution, several training institutions 
should offer an integrated programme that meet 
the minimum requirements.

For standardising work-place-based training 
and ensuring that minimum competences are 
reached, the programme should be founded on a 
nationally or internationally recognised core cur-
riculum (or both). Training departments must 
also facilitate access to a formal programme of 
theoretical learning and provide resources to 
ensure trainees gain the knowledge they require. 
International courses dealing with clinical and/or 
technical skills in the management of breast can-
cer may add value to the local radiation oncology 
breast cancer curriculum [9].

The human resources necessary for high-
quality education are vitally important. Qualified 
trainers (radiation oncologists, radiation physi-
cists and radiation therapists) that educate train-
ees should be sufficient in number to provide 
continuous training and easy access to supervi-
sion. It is advised that medical trainees are 
exposed to several radiation/clinical oncologists 
that have different perspectives on the content 
being learned. Furthermore, it is recommended 
that trainers themselves undergo ongoing train-
ing in supervision and teaching methods in order 
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to maintain a high pedagogical level of training 
delivery [9].

3.5	� Requirements for Work-
Place-Based Clinical 
and Technical Education

In order to receive comprehensive training, the 
radiation oncology trainee should be exposed to 
an adequate case-mix and a sufficient number of 
breast cancer patients to mirror the full spectrum 
of disease. Thus, trainees must have access to 
patients at all stages of cancer—from early diag-
nosis to completion of follow-up as well as in 
terminal care. It is important that the trainee 
requires the hands-on experience in all practical 
procedures that is required to work independently 
as a future specialist. Such skills are wide-
ranging, for example, the ability to lead a breast 
cancer multidisciplinary team conference, mas-
tering difficult conversations with patients, being 
aware of acute and late morbidities and how to 
manage these, as well as having the appropriate 
technical skills in delineation and planning of 
breast cancer radiation therapy. Preferably, train-
ing should take place in departments that actively 
participate in breast cancer research in order that 
trainees be exposed to practical challenges of 
acquiring scientific data and to facilitate skills in 
critical appraisal of the scientific literature [9].

3.6	� Assessment of Learning

Although summative evaluation (e.g. formal 
examinations) has value in driving learning, it 
cannot stand alone in modern work-place-based 
education. Formative assessment that evaluates 
progression in line with curriculum competencies 
(knowledge, skills and attitudes) is even more 
important and allows timely and repeated feed-
back to the trainee. In addition, formative assess-
ments help determine if the trainee can be granted 
additional responsibility in their daily work. 
Milestones and Entrusted Professional Activities 
(EPAs) have developed as useful tools to ascer-
tain such progress, i.e. does the trainee have the 

required competencies to be entrusted to work 
more independently or to aim at acquiring higher 
level skills? [10]. An example of an EPA for 
breast cancer radiation oncology is shown in 
Table 3.2.

Formative evaluation can be achieved in a 
variety of ways, for instance direct observation 
during a work procedure with structured feed-
back from a supervisor, audit of learning portfo-
lios and applying multisource feedback tools. 
These assessment methods are very reliable for 
testing practical skills and other competencies. 
Such evaluations need to be performed regularly 
throughout training in order to be most effective. 
Formative work-place-based evaluation and sum-
mative assessment are complementary and can 
supplement each other when applied in a bal-
anced way [11].

3.7	� Effective Educational 
Methods

A central challenge in educating members of any 
team is to address both the lack of knowledge 
and skill of the novice and the, sometimes mis-
guided, assuredness of the experienced mem-

Table 3.2  Example of an entrusted professional activity 
(EPA) for breast cancer management

Milestone: The trainee can independently evaluate a 
radiation treatment plan for breast cancer
EPA: Independent plan evaluation
Assessed by direct structured observation by a 
supervisor including discussion of (but not limited to):
•  Indication for radiation therapy, dose and 
fractionation
•  Previous radiotherapy or contraindications
•  Is positioning appropriate for the target in 
question?
•  Evaluation of target volumes (TV) and organs at 
risk (OAR) delineation.  Sufficient number of OARs?
•  Evaluation of dose levels, homogeneity and dose 
distribution
•  Evaluation of constraints met or not met—median 
doses vs. max dose and use  of dose–volume 
histograms (DVH)
•  Discuss the balance between TV coverage and 
OAR involvement
•  If compromises are made—why, where and 
possible consequences

3  Education and Training
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bers. Team-based education initiatives are highly 
valuable as they improve understanding of how, 
if performed incorrectly, steps of a process can 
cascade into a sequence of errors that could oth-
erwise go unrecognised and have major conse-
quences. For example, a tense painful shoulder 
girdle during the planning CT in a woman who 
has recently undergone breast and axillary sur-
gery, compounded by a cold bunker and a non-
empathic caregiver, can result in an 
unreproducible set-up for treatment delivery 
which if uncorrected, could under-dose the tar-
get or deposit unnecessary dose in normal 
tissues.

Some useful approaches to engage learners 
include:

•	 Peer-Based Comparisons. For example, a 
peer-based comparison of how different radia-
tion therapists/technologists deal empatheti-
cally with an anxious patient [12], or how 
different radiation oncologists contour treat-
ment volumes, or how different dosimetrists 
deal with hotspots, are helpful platforms on 
which the trainer can build their discussion 
and teaching.

•	 Blended Learning. Combining interactive live 
(or virtual) learning with computer-assisted 
learning (including exercises, quizzes and 
videos) such as for contouring workshops, is 
an engaging approach to learning. National 
and international societies (e.g. ASTRO, 
ESTRO, IAEA) hold contouring and treat-
ment planning workshops and refresher 
courses. It is especially enriching to connect 
with professionals at other centres to learn 
how they approach the same challenges. For 
example, ESTRO’s FALCON programme 
(Fellowship in Anatomic Delineation and 
Contouring) is an online multifunctional 
Educase® platform for contouring and delin-
eation. FALCON workshops are held for dif-
ferent disease sites and/or organs at risk 
contouring. The workshops are aimed at all 
radiation oncology professionals and trainees 
wanting to improve their contouring skills or 
to refresh knowledge. Workshops provide 
direct participant feedback and contouring 

comparisons under supervision from 
FALCON teaching faculty.

•	 Simulation-Based Training. To err is human. 
Virtual breast cancer RT environments allow 
trainees to make mistakes safely. The Virtual 
Education in Radiation Therapy (VERT) plat-
form (www.vertual.co.uk) [13] is a sophisti-
cated RT simulation system used mainly for 
radiation therapist technical training. Another 
example of simulation in training radiation 
oncology professionals is the use of role-
playing actors for building communication 
skills. Audio-visual recording, debriefing and 
constructive feedback are central components 
of simulation-based training. Collaboration 
with experienced existing medical simulation 
and training facilities and the IAEA “Train the 
Trainers” initiative are useful in establishing a 
tailored programme [14].

•	 Error-Based Learning. Identifying and learn-
ing from common mistakes is a useful 
approach and easily implemented without 
sophisticated equipment. The inability to rec-
ognise an error is associated with a complete 
gap or an incomplete understanding of neces-
sary core knowledge components comprising 
the entirety of the process. For example, in 
Fig.  3.2, the knowledge necessary to detect 
and correct the error includes an understand-
ing of isodose plots, hotspots, the impact of 
varying separations, depth dose curves of dif-
ferent photon energies, wedges and the use of 
segments or the “field within field” concept.

3.8	 Summary

In summary, there is a wealth of evidence-based 
techniques and tools for effective learning in 
radiation oncology as it applies to the treatment 
of breast cancer, as well as other tumour sites. 
These methods are not only valuable to novice 
learners in the field but should be used as part of 
life-long learning for all our professionals. It is 
the responsibility of the individual (regardless of 
seniority) as well as training institutions and 
treatment departments to ensure that knowledge 

S. Turner et al.
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Fig. 3.2  Summary figure demonstrating error-based 
learning. Supervisor notes: Ask the trainee to review the 
plan and identify the error. Note the high hotspot 
(119.9%). Discuss the cause of the hotspot including the 
large separation and use of 6MV beams only. Discuss how 

to correct the plan with the use of higher energy photons, 
wedges and/or segments (field within field). Discuss the 
corrected plan. For the full teaching slide set, go to link: 
https//etc

and skills are up to date, and “old ways” are con-
stantly challenged. These goals could not be 
more important in our rapidly evolving disci-
pline. Finally, compliance with the known 
evidence supporting high-quality education pro-
grammes should underpin all radiation oncology 
professional training, not be considered an 
optional extra. Optimal education is thus a foun-
dation to optimal care for patients undergoing RT 
for breast cancer.
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