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Introduction: Advances in Radiotherapy (RT) technology and increase of complexity in cancer care have
enabled the implementation of new treatment techniques. Subsequently, a greater level of autonomy, responsibility, and accountability in the practice of Therapeutic Radiographers/Radiation Therapists (TR/
RTTs) has led to Advanced Practice (AP) roles. The published evidence of this role is scattered with confusing
terminology and divergence regarding the perception of whether a speciﬁc role represents AP internationally. This study aims to establish an international baseline of evidence on AP roles in RT to identify roles
and activities performed by TR/RTTs at advanced level practice and to summarise the impact.
Methods: A systematic PRISMA review of the literature was undertaken. Thematic analysis was used to
synthesise the roles and associated activities. Six RT external experts validated the list. The impact was
scrutinised in terms of clinical, organisational, and professional outcomes.
Results: Studies (n ¼ 87) were included and categorised into four groups. AP roles were listed by clinical
area, site-speciﬁc, and scope of practice, and advanced activities were organised into seven dimensions
and 27 sub-dimensions. Three most-reported outcomes were: enhanced service capacity, higher patient
satisfaction, and safety maintenance.
Conclusion: Evidence-based AP amongst TR/RTTs show how AP roles were conceptualised, implemented,
and evaluated. Congruence studies have shown that TR/RTTs are at par with the gold-standard across the
various AP roles.
Implications for practice: This is the ﬁrst systematic literature review synthetisising AP roles and activities
of TR/RTTs. This study also identiﬁed the main areas of AP that can be used to develop professional
frameworks and education guiding policy by professional bodies, educators and other stakeholders.
© 2022 The Authors. Published by Elsevier Ltd on behalf of The College of Radiographers. This is an open
access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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Introduction
Radiotherapy (RT), also known as therapeutic radiography, is a
major component of cancer treatment with about half of cancer
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patients receiving RT.1e6 Therapeutic Radiographers/Radiation
Therapists (TR/RTTs) are health care professionals whose role
includes administering radiation to the tumour whilst minimising radiation to organs at risk (OAR) and providing patient care
throughout treatment planning and delivery.7e10 The advancements in RT technology have enabled the implementation of new
treatment techniques11 and subsequently increased patient care
demands. Thus, TR/RTT's clinical practice has evolved in many
countries with specialisation of existing roles and emerging new
roles, such as the Advanced Practice (AP) and consultant practice
roles.12 The titles TR/RTT were used in this work, however, it is
acknowledged that there is no European harmonisation in the
title of these professionals. The EFRS uses the title of
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“Radiographer” (using “Therapeutic Radiographer” to specify
those practising RT), ESTRO refers to these professionals as “Radiation Therapists”, but each country regulates the title and the
profession differently.13
AP roles are not performed at time of graduation (entry-level)
but rather when the TR/RTTs have several years of professional
experience underpinned by postgraduate education.12,14 New
ﬂexible workforce models have been created from the resulting
skills-mix (or task shifting) innovations which maximises efﬁciency
and effectiveness to meet service demands.15e18 This is important
in RT, where a considerable gap exists between actual and optimal
utilisation of RT across European countries. The goal of AP is to
ensure the highest patient care with appropriate skills-mix and
roles. However, conceptual and practical gaps are present because
of the nature and evolution of these roles.3,5,15,19
The deﬁnition of AP roles is confusing due to the unclear and
inconsistent terms used such as “role extension”, “role expansion”,
and “specialised practice”.20,21 Furthermore, the perception of
whether a speciﬁc role represents AP varies internationally.22e27
Moreover, AP roles can be embedded into standard practice over
time.11,20
Currently, RT departments seek patient safety with better clinical outcomes and cost-effective service.28 Advanced practitioners
in RT have clinical expertise within areas such as pre-treatment
planning, dosimetry, site-speciﬁc treatment, and technical innovation. TR/RTTs practising at an AP level have a pivotal role in the
patient journey, from the referral, treatment coordination, followup, and liaison with the multidisciplinary oncology team.12
Two European benchmarking documents guide AP in RT for
educational institutions and professional bodies.29,30 Other literature from national policies includes frameworks and resources to
support the implementation of AP roles.31e36 These frameworks
deﬁne advanced knowledge, skills, and competencies required for
TR/RTTs to develop the scope of practice.
This literature review has adopted the deﬁnition from the multiprofessional framework for advanced clinical practice in England.14
The framework deﬁnes that AP roles are delivered by experienced
practitioners with a high degree of autonomy and complex
decision-making, supported by further education (masters degree
or equivalent). Moreover, it embraces the core capabilities
(knowledge, skills, behaviour) that convey the extent to which
practitioners can adapt to change and solve problems with high
complexity and in uncertain contexts. The framework establishes
48 capabilities that allow the developing of new roles across the
four pillars of AP e clinical practice, leadership and management,
education, and research.
However, no AP framework based on roles and activities (with
associated core capabilities and specialist competencies) exists for
the profession of TR/RTTs. As a result, quality standards vary across
countries, and several countries do not have professional bodies in
RT, hindering the TR/RTT role development. It is crucial to have
organisational governance to guarantee patient safety when professionals take on new roles through legal guidelines, regulatory
and professional frameworks.20 There is an urgent need to gather
evidence from the implemented AP roles worldwide for future
research with global and local signiﬁcance.
This review aims to synthesise the evidence in AP roles amongst
TR/RTTs’ practice. Firstly, to identify AP roles and their dimensions
in clinical practice areas with associated activities and tasks. Secondly, to summarise the impact of AP roles.

undertaking reviews in health care and following the Preferred
Reporting Items for Systematic and Meta-Analyses (PRISMA) protocol.38 A systematic search was conducted between January 2020
and March 2021.
Search strategy
A three-part search strategy (Table 1) was used based on the
PICO framework omitting the deﬁnition of comparison (in this
case, the standard practice) according to the methods used in
previous allied health professional (AHP) SLRs.39,40 Population was
deﬁned as TR/RTT (including common titles for the profession)41
intervention was deﬁned as AP (including a breadth and inclusive terminology); and outcomes was the level of practice. The
ﬁnal query (P AND I AND O) used on the bibliographic databases
search used Boolean techniques to ensure no relevant literature
was missed in the search strategy. The PRESS evidence-based
checklist42 was used to guide the electronic search strategy
development, and reﬁnements were performed through discussion and peer-reviewed by the research team consisting of international TR/RTTs and RT lecturers with different academic
backgrounds and professional roles. To check the evolution and
quality of published evidence on AP roles, no restrictions were
applied regarding the publication year, format and study design.
Also, a hand search of key RT peer-reviewed journals was conducted (including articles in press) and a literature review snowballing was performed.
Screening and study selection
A comprehensive search was performed following criteria listed
on Table 2. Two independent reviewers performed the systematic
search in electronic databases independently for identiﬁcation.
Citations were then screened for eligibility (Zotero 5.0) by reviewer
one. Duplicate records were removed and where titles did not
provide enough information about the study, abstracts were prescreened against the inclusion criteria. The full text of potentially
relevant papers was retrieved and examined. To ensure reliability
and minimise selection bias, all selected and in-doubt papers were
checked independently by two other reviewers. If divergences between researchers persisted, the ﬁnal decision was reached
through consensus. Multiple reports of the same study were
aggregated.
Quality screening
The Critical Appraisal Skills Programme43 (CASP) tools was
applied for Randomized Controlled Trials (RCT), cohorts, qualitative
studies, SLR; the reporting standards from CRD at the University of
York was used for studies about health service changes44 and
organisational case studies45; the Sirriyeh et al.46 tool was used for
the remaining studies with diverse designs. The scores obtained
were converted into three grades: good, moderate, and low.
Data extraction and synthesis
The data extraction and synthesis of the included studies consisted of two distinct phases:
1 charting study characteristics and ﬁndings using Excel (V16.60).
2 summarising AP roles evidence. The papers were thematically
analysed47 using NVIVO (V.1.5.2). All data related to AP roles
was organised into themes (dimensions) and sub-themes (such
as activities or tasks, and education requirements). The outcomes related to the impact of AP roles, including associated

Methods
A Systematic Literature Review (SLR) was performed following
the Centre for Reviews and Dissemination (CRD) guidance37 for
606
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Table 1
Search strategy based on the PICO framework.
Inclusion criteria
Population
Therapeutic radiographer/
Radiation therapist

Radiotherapy
Intervention
Advanced practice

Advanced practitioner
Outcomes
Level of practice
Final querya
Databases
Health-speciﬁc
Education-speciﬁc
Multidisciplinary

Search terms

Query phrases

Radiotherapist, radiation therapist, RTT, radiographer,
therapeutic radiographer, radiation therapy technologist,
radiation therapy technician, radiological technologist,
radiology technologist, radiology technician, eletroradiology
technician, medical X-ray technician
Radiotherapy, radiation therapy, therapeutic radiography,
radiation oncology, brachytherapy

A ¼ radiotherapist OR RTT OR radiographer OR ((radiation OR
therap* OR radiolog* OR electroradiology OR medical X-ray)
AND (therapist OR radiographer OR technician OR
technologist))

Advanced practice, advanced scope, role extension, role
expansion, role development, role advancement, expert
practice
Advanced practitioner, consultant, specialized (-ised), specialist,
enhanced, radiographer-led, therapist-led

B ¼ radiotherapy OR (radiation AND (therapy OR oncology)) OR
(therapeutic radiography) or brachytherapy
C ¼ advance* OR extension OR expansion OR development OR
enhanced OR expert OR speciali* OR consultant OR
radiographer-led OR therapist-led

Scope of practice (-ise), roles, skills, tasks, capabilities,
D ¼ scope OR practi* OR role OR skill OR task OR capabilit* OR
responsibility, autonomy, accountability
responsibility OR autonomy OR accountability
¼ (population) AND (intervention) AND (outcomes) ¼ A AND B AND C AND D
MEDLINE complete, PubMed Central, Cochrane Reviews
ERIC
Scopusb, Web of Scienceb

a
Without further adaptations (at syntax level and subject headings) on the advanced search platforms. Differences between the platforms were the search options, modes,
and expanders.
b
To avoid unnecessary duplication of effort a ﬁlter was used to exclude MEDLINE from the search.

Table 2
Inclusion and exclusion criteria.
Inclusion criteria
Focus on AP of TR/RTTs (referred to in title/keywords/text or if the reviewers considered the subject related)
Peer-reviewed journal articles (original/research/regular articles)
Systematic literature reviews
Exclusion criteria
Focus on standard practice of TR/RTTs (traditional scope of practice)
Focus on disciplines from Radiation Sciences (radiography, radiology, nuclear medicine) but not in RT
Focus on other RT professionals (e.g.: MDs, nurses, MPs) but not on TR/RTTs
Focus on AP of other AHPs (e.g.: physical therapists, occupational therapists)
Non-English publications
Editorials, letters, commentaries, position and discussion papers, benchmarking guidelines, abstracts from conference proceedings (unless full-text article available)
AHPs-allied health professionals, AP-advanced practice, MDs-medical doctors (clinical or radiation oncologist), MPs-medical physicists, TR/RTTs-therapeutic radiographers/
radiation therapists, RT-radiotherapy.

indicators and metrics, were coded using a toolkit developed
by Gerrish et al.48 and adapted for the radiography profession
by Snaith et al.49

majority from the UK (35%), Canada (31%) and Australia (18%). Only
ﬁve studies resulted from international collaborations.56,73,99,126,129
Of the studies included, 41% used mixed-methodology, 30% used
quantitative designs, and 29% used qualitative approaches. Most of
the studies are non-experimental descriptive research designs, with
only one RCT80 and two clinical studies.78,87 Some studies resulted
from audits (11%) and service evaluations (9%). Four studies51,66,72,82
are SLR (narrative and scoping reviews were excluded).
Forty-four per cent of the studies involved TR/RTTs acknowledged as “advanced practitioners”, and the job titles were diverse
between and within countries (Table 4). The remaining studies
involved TR/RTTs that performed activities or tasks autonomously
or adopted a new role beyond their scope of practice, described as
TR/RTT (39%), senior (10%), specialist (6%), and research TR/RTT
(1%).
The majority of studies (72%) reported exclusively on the clinical
practice pillar of AP, 18% included research, 18% included education,
and 13% included leadership. Only 11% comprehended all four pillars of AP (Table 5).

The resulting list of AP roles and activities was validated and
reorganised by six external experts representing different European
countries and areas of RT (professional practice, education and
training, management, research, patient advocacy).

Results
From the systematic search, 91 articles27,50e139 published between 1999 and 2021 were deemed eligible for the review (see
Fig. 1 with the PRISMA ﬂow diagram). In the ﬁnal review were
included 87 studies (see supplementary File 1 for full tabular
summaries of included studies). The ﬁrst paper with an AP role
description in RT was published more than 20 years ago in the UK.65
The studies were conducted in 10 different countries (Table 3), the
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Figure 1. PRISMA ﬂow diagram.

Role evaluation and development

Table 3
Included studies per country.
Country

Studies
(n)

References

United
Kingdom
Canada

30

54,58,60,61,64,65,69e71,73,75e77,82,87,

27

55e57,68,74,83e86,88,89,97,102e105,107,108,

Australia
Italy
New Zealand
Netherlands
Singapore
Ireland
Ghana
Hong Kong

16
4
3
2
2
1
1
1

50,51,53,63,66,67,72,78,80,95,109,115,118,119,127,127

In this largest group, most of the studies (86%) were single-role
research, 19% were clinical audits, and 13% were service evaluations. The most common were single-centre studies in single-area
of clinical practice, like palliative care or in one site-speciﬁc role
such as breast cancer.

90,96,100,106,110,111,116,117,120,121,130,131,133,135,139

113,114,122e126,132,136

52,92,93,101
27,62,91

Task congruence

59,134
129,138

Studies investigating task congruence assessed TR/RTTs’ competencies compared to other professionals (e.g., Medical Doctors - MDs:
radiation or clinical oncologists) in the performance of a speciﬁc activity. The majority were single-centre studies reporting good
agreement rates. 53% checked the performance of TR/RTT in speciﬁc
tasks involving treatment planning (such as target delineation and
autonomous simulation) and imaging of pre-treatment delivery.
Other studies investigated activities related to patient care, such as
treatment toxicity assessment or patient follow-up. The site-speciﬁc
role more studied was breast cancer, mainly activities performed

112
99
137

The studies were clustered into four groups (Table 6) according
to the key themes and summarised in terms of research focus,
methods, and ﬁndings (see supplementary File 2 for full tabular
summaries of each group). Some studies were included in more
than one group.
608
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is an evolving concept, some activities considered AP at the time of
publication of the studies became routine practice due to the
continuous change of scope of practice of TR/RTTs over time. These
activities were excluded from the list of advanced activities: such as
2D imaging assessment and decision making, mould room
tasks.88,89,93,114,127,131
The thematic analysis reported activities and tasks from AP roles
into seven dimensions, and 27 sub-dimensions (Table 7). Also, the
advanced practitioner specialise by clinical area of practice, disease
site-speciﬁc role, and scope of practice (Table 8).
The most studied AP site-speciﬁc role was breast cancer
(n ¼ 30), reporting advanced activities such as target delineation
and comprehensive care interventions. The most investigated
clinical area of AP was palliative care (n ¼ 24), describing activities
such as referral, patient assessment, treatment prescription
(Fig. 2).
The most-reported scopes of AP amongst TR/RTTs were information and support (n ¼ 24) and on-treatment review (n ¼ 15)
(Fig. 3). The ﬁrst includes activities such as specialised information
and holistic patient support, including diverse interventions. The
second includes treatment assessment and management, patient
referral and orders, and pharmacological intervention.

Table 4
Job titles amongst TR/RTTs working in AP roles.
Job titles

Countries

Advanced Practice Radiation Therapist (APRT)

Canada, Australia,
Singapore
United Kingdom

Advanced Clinical Practitioner
Advanced Therapeutic Radiographer
Consultant Therapeutic Radiographer
Clinical Specialist Radiation Therapist (CSRT)
Radiation Therapy Advanced Practitioner (RTAP)

Canada, Italy
Australia

during breast planning, such as contouring, and treatment ﬁeld
deﬁnition on computed tomography-simulation.
Role implementation and stakeholders’ insights
The majority in this group were feasibility studies on AP (47%)
with an exploratory approach using surveys, interviews or focus
groups to investigate the perceptions of RT stakeholders: TR/RTTs,
MDs, nurses, and medical physicists (MPs). There were also studies
per scope of practice such as patient review, image review, treatment planning, and information and support.
In addition to the primary studies there were four SLR. Two reviews focused on non-speciﬁc scope of practice: one investigated the
international current AP for national adaptation51 and the other reported evidence about the impact of AP on patient outcomes and
health service quality.82 The remaining two reviews focused on speciﬁc scope of practice: image review66 and psychosocial support.72

Evidence related to the impact of AP roles
The outcomes were structured in three domains of signiﬁcance:
clinical, organisational, and professional. Each of these domains
was divided into several sub-domains. Each sub-domain identiﬁed
impact indicators (measurable and perceived) and described the
outcomes with some metrics (Table 9). The three most-reported
outcomes from AP roles were: enhanced service capacity, higher
patient satisfaction, and safety maintenance. Only two studies101,128
reported negative outcomes.

Educational programmes
Education and training to support the development, implementation, and sustainability of AP roles formed the smallest
group. Competency packages, frameworks, orientation and inhouse programmes (or postgraduation courses) dedicated to AP
for TR/RTTs were described in these papers.

Education and training of AP roles
In this review, education and training for AP in RT varied
considerably (e.g., Masters in AP, Masters modules, in-house
training) and often were not described. Therefore, there is no
robust evidence about standardised AP programmes. This lack of
strategic educational pathways at national levels directly affects

Evidence related to AP roles
This review provided insight into all the TR/RTTs’ AP roles and
activities, as identiﬁed across the literature. Since the AP deﬁnition

Table 5
Reporting of AP “four pillars”.
Advanced Practice pillar

Studies (n)

References

Clinical

63

51e54,57,58,60,61,63,64,66e68,71,72,74e78,80,82,85e93,95,99e105,108,110,112e115,

All pillars
Clinical, education and research
Clinical and research
Clinical and education
Clinical and leadership
Education
Unspeciﬁed

10
1
5
3
1
2
2

55,56,27,65,69,73,83,84,96,125

117e120,122e124,126e131,133e137

121
50,59,106,107,116
111,138,139
62
70,132
97,109

Table 6
Included studies per group.
Cluster

Studies (n)

Papers (n)

References

Role evaluation and development

37

40

54,57,58,60,61,63,68,69,71,73e81,83e86,94,98,99,103,106

,

110,112,113,115e117,125 126,130,133,135,136,139

,

Task congruence

30

30

50,52e54,57,59,74,87e90,92,93,95,100e102,104,105,111,114,118e120,122,123,128,131,134

Role implementation and stakeholders' insights
Educational programmes

19
7

19
7

27,51,55,56,62,64e67,72,82,96,97,108,109,123,127,129,137

,138

70,91,107,111,121,132,138
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Table 7
List of activities from TR/RTTs’ AP roles according to included studies.
Dimensions & subdimensions

Examples of activities

Sources

Physical, psychosocial, cognitive, sexual, and spiritual condition examination.
Patient history taking, treatment toxicity assessment/management,
documentation of clinical response to treatment, etc.
Evidence based information for disease, prognosis, interventions, and
treatment.
Telephone help line counselling, informed consent for procedures, posttreatment information, etc.
Independent or supplementary drugs prescribing/administering/dispense,
medications review, etc.
Physical/remote consultation, chronic side effects support/intervention, etc.
Intervention in anxiety/distress/diet/exercise/relaxation/quality of life, liaison
with support groups, etc.
Referral to other disciplines, order for dressings/tests/imaging investigations.
New patient clinic acceptance, review referral packages, requests
authorizations, etc.

50,51,58,60,61,64,65,68,69,71,73,83,84,99,106,106,108,

Patient Care & Support
Patient assessment & management

Patient information

Pharmacological intervention
Follow-up & survivorship
Patient holistic support
Patient referral & orders

110,115,116,123,125,129,133,139

51,56,61e63,65,68,69,71e73,78,81,99,112,113,115,117,
125,129,133,137e139

56,61,62,69,71,73,83,97,106,108,116,125

62,68,68,87,112,117,125,126,135,138,139
27,61,63,65,69,72,73,78,80,112,115,117,129,138

55,56,61,61,64,65,68,69,71,73,83,99,106,110,112
115,117,125,133

Treatment Planning
Treatment prescription

Dose prescription/fractionation/dose supplementation areas/dose constrains for
OAR, etc.
Advanced planning & simulation
Physical/virtual simulation, target delineation, OAR contouring, clinical mark up.
Plan/simulation evaluation & approval, contrast administration (IV/oral/rectal/
cannulation), etc.
Planning of complex cases & techniques
Peer review of IMRT/VMAT/brachytherapy/SRS/total CNS/high risk target
volumes.
Technical and dosimetry consultation, re-planning of complex cases, etc.
Multimodality image registration & fusion Quality evaluation and approval, manual adjustments, etc.

55,56,62,69,73,75,83,115,125

51e57,62,69,73,83,84,95,100e104,118e120,122,125,128,
130,134,136e138

55,56,62,67,69,73,75,77,83,84,120,125,138

62,77,83,84

Treatment Imaging & Delivery
Advanced IGRT/ART

(3D/4D/markers) imaging assessment, anatomical changes detection, plan of the
day selection, adapt to position, decision making, and image approval, etc.
Supervision of complex cases & techniques Online checking, plan acceptance, re-plan decision.
Expert advice at problem solving, technical consultation, etc.

59,69,77,85,90,92,96,111,120,124,138

69,77,85,90,111,120,125,138

Management & Consultancy
Project management
Clinical governance & business cases

National guidance & communication

Engagement of team members, identiﬁcation of partnerships and funding/
grants, progress reports, etc.
Setting and monitoring service standards, performance/resources management.
Recruitment and retention, managerial and MDT meetings, policies
development, etc.
Writing management reports, patient's advocacy, RT working groups (proﬁles,
protocols, etc).

55,69,138

Establishment of a radiation safety culture, risk improvement project (safe
working practices), etc.
Site-based QA rounds, online plan checking, quality improvement project, QA
meetings, QA groups, etc.

55,62,98,138

Management of task groups, coordination of multicentre/international clinical
trials, etc.
Development of standards/protocols, establishment of site-speciﬁc expertise for
professional leadership, MDT/site group meetings, tumour board activities,
expert role model in RT with best professional practices, etc
Development of audits programmes for new model of care/pathway/changing
of practices/new RT techniques, involvement in programmes accreditation, etc.
Peer-review presentations and publications, reviewer for peer review journals,
books and chapter author/co-author, awards, and honours, etc.
Service redesign for comprehensive care, innovative integration of new
technologies/techniques/procedures.
Planning of new facilities, development of multi-professional research agenda/
new principles/concepts, etc.
Participation in advisory committees/special interest groups/expert panels/
communities of practice, etc.

55,56,69,73,116,125,138

Coordination/supervision/evaluation of students from different academic
degrees and inter-professional education
Lead role in development and assessment of educational inter-professional
programmes. Recommendation of national & international curriculum,
implementation of education programmes, etc.

55,56,62,69,96,97,121,125,132,138,139

55,56,62,65,69,138

65,69,107

Quality & Risk Management
Risk management
Quality assurance & quality control

27,56,62,67,75,77,84,98,103

Research & Innovation
Advanced research & coordination
of clinical trials
Evidence-based practice advancement

Audits & accreditation
Knowledge dissemination
Innovation & service development

Strategic involvement at
national & international level

56,59,62,65,69,73,75,77,83,84,96,125,138

55,62,65,69,73,74,125,138

55,65,69,84,116,125,132,138

65,69,73,83,84,138

69,84

Education & Training
Advanced clinical education
Education planning
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Table 7 (continued )
Dimensions & subdimensions

Examples of activities

Sources

CPD development

External consultancy, assessor of international courses, development of training
programmes for complex techniques, set in-house teaching courses with
competence and training packages, etc.
Development of RT education resources for healthcare/community, awareness
projects, etc.

69,107,125,138

RT advocacy

65,73,107,138

CNS-central nervous system, CPD-continuing professional development, IGRT/ART-image-guided radiation therapy/adaptive radiotherapy, IMRT-intensity-modulated radiation therapy, IV- intravenous, MDT-multidisciplinary team, OAR- organs at risk, QA-quality assurance, RT-radiation therapy, SRS-stereotactic radiosurgery, VMAT-volumetric
modulated arc therapy.

Table 8
List of activities from TR/RTTs’ AP roles by clinical area or disease site-speciﬁc or scope of practice according to included studies.
Advanced Practice Roles

Examples of activities

Sources

Patient initial assessment, patient information & counselling, patient education (pre-brachytherapy
information)
OARs contouring for HDR, effective planning, process coordination
Treatment application
Comprehensive care, review clinics for radical patients, consultation with new patients, referrals
(physiotherapy, psychologist & medical), dietary & exercise interventions, psychosocial interventions,
seroma evaluation& management
Clinical breast mark up, simulation RTT-led, breast boost localisation, OARs contouring, target
delineation (tumour bed, cavity, seroma), breast & boost planning
Target localisation with multi-modality imaging, planning image, target deﬁnition & delineation (e.g.,
tomotherapy/adaptive RT), image assessment & approval
RT patient pathway management, MDT presentation of patient clinic data, responsible for the SBRT
pathway, compile patient information leaﬂets (radical & palliative & SBRT)
Patients' selection, breath-hold coaching, support in simulation & treatment
New patient pre-treatment assessment clinic, presentation of patient's clinic data in peer review session,
post SRS follow-up, SRS clinic
Patient & parents counselling (telephone “follow-on”), specialized support & comfort (diversionary
DVD, long-term tools for parents, education sessions in schools)
Treatment coordination (patient's advocacy, guidance & support for parents' decision making, liaising
with paediatric oncology MDT (e.g., psychosocial, hospital play specialist, RT & oncology staff)
Patient assessment (before, during & after treatment) & screening (diagnostic imaging, histology review,
toxicity assessment, prescribing/administering medication), remote follow up, patient information &
counselling (informed consent), supportive care, liaison with palliative care teams, referral & triage
Treatment prescription, simulation (mark up, ﬁelds localisation/ordering simulation), treatment
planning (approval), shared treatment decision making
Supportive care: continuity of care (point of contact), treatment delivery team, pain control, scheduling
future appointments, pre-treatment image approval
Program planning & delivery (admission & discharge, triage referrals, treatment booking,
transportation, documentation, liaison with other specialties, MDT meetings with case summary
presentation & recommendations)
On-treatment review (including patients from clinical trials), acute toxicity assessment, follow-up
Gynaecology, colorectal, skin, mycosis fungoides

27,59,62,75,96,113

Clinical area or site-speciﬁc
Brachytherapy

Breast

Head & Neck
Lung

Neuro-oncology
Paediatric

Palliative care

Urology/prostate
Other sites

62,85,96,138
59
27,60,61,72,78,80,82,83,85,96,105,110,121
132,138

51e53,57,60,62,70,83,101e104,118,119,
130,134,136
27,83e85,96,138

69,96

138
69,96

27,63,139

138,139

54e56,68,70,73,75,82e85,95,107,122,
125,126,138

54,62,69,70,73,75,76,95,96,100,108,122,
138
54,75,97,125,126,138

54,55,73,75,83,95,107,126

27,87,96,116,117,123,133,135
27,55,70,83e85,96,106,138

Scope of practice
Follow-up
Image review
Information & support

Remote or physical follow-up clinic, survivorship support
IGRT/ART: image assessment & decision making (with approval)
Patient specialised information, counselling, and holistic support

55,68,87,112,117,135

On-treatment review

Treatment assessment & management, pharmacological intervention, patient referral & orders

50,51,56,60,61,64,62,70,71,106,110,115,

Pre-treatment

Simulation/CT-simulation RTT-led, site-speciﬁc tasks: CTV delineation, OARs contouring, advanced
planning
Leadership & supervision of RT staff, quality improvements initiatives & reports
Research & development, clinical analysis, clinical trials research, clinical research with co-joining role
of patient review
Management site-speciﬁc advanced practitioner, education & training advanced practitioner, molecular
RT, radiation safety/QA RTT, information technology, new technology education, SBRT/SRS/tomotherapy
advanced practitioner

51e53,56,57,62,67,83,122,134,136,138

27,55,56,59,62,66,70,85,88,96,127,138
27,51,56,61e63,65,68,69,71e73,78,80,99,
106,112,113,110,115,117,125,129,139

117,129,133

Practice development
Clinical research
Other roles

27,51,55,69,96,97
27,51,55,69,116

27,55,56,62,85,96,103,132

CT-computed tomography, CTV-clinical target volume, HDR-high dose rate, IGRT/ART-image-guided radiation therapy/adaptive radiation therapy, MDT-multidisciplinary
team, OARs- organs at risk, QA-quality assurance, RT-radiotherapy, RTT-radiation therapist, SBRT-stereotactic body radiation therapy, SRS- stereotactic radiosurgery, tttreatment.

Discussion

standardisation of AP roles, regulation, and protection for
advanced practitioners and patients. Despite this, many studies
highlight the key role of education to AP development and validation of advanced skills, specialist competencies and core
capabilities.

This SLR shows that TR/RTTs are able to develop their skills to
perform AP roles with a positive impact on patient care and satisfaction. The most common roles were site-speciﬁc in breast cancer,
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To date, there are reviews focused on AP for AHPs, but very few
on TR/RTTs.39,40,140 Inconsistent national implementation of AP was
reported in Australia,109,141 and in the case of diagnostic radiography, the AP roles were not successfully implemented.142 Nursing,
the pioneers of AP in healthcare, reported drivers, challenges and
outcomes of this level of practice.143e147 Also, AHPs39,40,148
(including physiotherapists149e151 and radiographers)152,153 did
the same. Barriers included multi-faceted challenges at various
levels: organizational (lack of role clarity, management, and
recognition), resources (lack of administrative assistance, cost
containment issues), interactional (lack of professional support
structures, medical dominance, protectionism), and role per se
(complex nature of the role, working in isolation, mismatch between professional inﬂuence and authority). Besides the AP, the
consultant practice (the next level beyond AP) evidenced by the
role of the non-medical consultant practitioner was also explored
and evaluated by nursing,48,154e156 AHPs,157e159 and radiographers.160e165 Similar contexts are described across the various
professions, such as lack of consistency in job description and role
titles, different education preparation and supervision, ambiguity
between consultant and AP levels and core profession roles that
leads to different interpretations by educators and employers
presenting risks that can affect the quality of patient care.

Figure 2. Number of studies per clinical area of practice or disease site-speciﬁc role of
AP amongst TR/RTTs.

Evidence related to AP roles
Many of the advanced activities, resulted from task delegation
(e.g. on-treatment review, drugs prescription), or from innovation
due to technology evolution and new service models (e.g. stereotactic body RT, radiosurgery clinic) or from enhancement to
improve patient experience (e.g. holistic care, survivorship support). AP roles in health care can also arise from changing the
interface between services, including transfer, relocation, and
liaison.18
The review ﬁndings are consistent with grey literature.31,33e36,166e172 However, two AP roles were not well evidenced, such as a clinical specialist in integrated cancer care (one of
the proposed areas on the Australian pathway to AP)31 and community liaison expert practitioner (one model of AP roles on the UK
for provision of continuity of care between the primary, secondary
and tertiary sectors undertaken within the community).35 USA is an
exception, having one publication32 from 2007 with no studies
included in this review. This suggests that AP roles are not implemented in TR/RTTs’ practice in the USA173,174 due to lack of regulation, education and structural framework.
The only AP role cross-compared between countries in the
included studies was palliative care73 with role description and
educational support in cancer centres across Australia, Canada, the
UK and Denmark. These ﬁndings are corroborated by an overview
of “Rapid access palliative RT programmes”175 across several
countries that conﬁrmed positive outcomes of having TR/RTTs
undertaking AP roles in palliative care.83,84,94,95,107,126 An 11-yearlong clinical perspective of this AP role supports the development
of holistic care for patients with advanced cancer.176
Some papers reported new roles and opportunities177e188 for
role development in RT, and many authors believe that this is a
“season of change” for TR/RTTs due to the image-guided RT developments and adaptive RT implementation. That is, traditional
roles of TR/RTTs are impractical to keep pace with these technological advancements.

Figure 3. Number of studies per scope of AP amongst TR/RTTs.

clinical area in palliative care, and also roles which involved a
broader scope of practice such as information and support, and ontreatment review. These were evaluated in post-role implementation studies, mostly single-role at single-centre. Multi-centre,
larger cohort studies focusing on various roles, with design of prevs post-implementation would be more informative to the community regarding the impact.
Congruence studies have shown that TR/RTTs are at par with the
gold-standard. Several feasibility studies investigating key stakeholders’ perceptions at different settings (national, regional, or
local level) support the view that role development of TR/RTT
positively impact patient care.27,55,56,62,64,65,97,108,124,129,137 Further
research should focus on other stakeholders (inter-professional
teams, professional bodies, regulators, employers, government
agencies, etc) to gain a broader perspective.
We have used AP as an umbrella term, and the study selection
was based on the research team's interpretation of AP roles from
multiple perspectives and realities. The studies were analysed according to the adopted deﬁnition from the multi-framework
applicable across various AHPs.14 Advanced practitioners in RT
were referred by a multitude of different titles. A considerable
number of included studies did not fulﬁl all the requirements of the
adopted deﬁnition with the description of the four pillars of AP,
possibly because the roles predated the deﬁnition.
Most of the ﬁndings came from non-experimental research,
especially descriptive studies or exploratory case studies with realworld data and outcomes giving information on the implementation strategies.

Evidence related to the impact of AP roles
There is evidence that TR/RTT practice is improved or maintained compared to the gold-standard, with two exceptions in this
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Table 9
Impact of AP roles according to outcomes reported on the included studies.
Domains & sub-domains

Outcomes & examples of metrics

Sources

Continuity of care (e.g., #patient handoffs, #disruptions,
#emergency visits & hospitalizations) and comprehensive & holistic
care (e.g., #liaison with support groups, and #complementary &
supplementary support activities)
Compliance & cooperation with treatment using distracting
techniques (e.g., #tt disruptions and delays)
Expedited care between referral & tt delivery (e.g., gatekeeping role,
“fast-track” programmes, #ﬁrst consultation with consent), efﬁcient
patient visit (e.g., #hospital visits, #sim&treat on the same day,
#remote follow-up #inappropriate appointments #in-patient
transfers)

50,61,62,65,80,83,87,91,95,98,110,116,117,126,138

High local control rates (time of ﬁrst recurrence), minimal
treatment toxicity (toxicity grading scales)
Effective symptoms/side-effects management trough timely and
effective tt & interventions (e.g., #on-treatment reviews, level of
patient anxiety, documentation on side-effects tracking)

58

Effective referral triage/pathway (e.g., #new patients, #clinic
waiting times, #days from referral), improved workﬂow (e.g., #sim/
tt/consultation times)

27,54,55,61,62,73,75,76,83e85,94,103,116,131,136,138

Comprehensive consultation (e.g., appointment length, holistic
interventions) and enhanced patient comfort (e.g., waiting times:
appointments, tt table)
Patient empowerment (e.g., appointments' ﬂexibility, level of
knowledge about tt), and reassurance (e.g., patient stress & anxiety
levels, conﬁdence in staff, patient disclosure, #recommendations)

54,55,60,61,64,71,73,83e85,87,90,91,94,99,110,112,116,117,122,126,131,

Enhanced patient throughput (e.g., time between care path
activities, care path total time) and efﬁcient workﬂow (e.g., time
audits in activity time, elimination of redundancies, time delays
between activities),
Human resources optimization (e.g., time savings of unscheduled
activities for MDs, etc) and technology utilisation (e.g., #efﬁcient
bookings #inappropriate referrals, time savings for tt unit)

52,54,55,57,59,62,69,73,75e77,83e85,90,91,93,102,104,114,116,

Evidence-based best practice (e.g., development & compliance of
guidelines/policies, increased contouring consistency),
development of quality projects (e.g., adoption of new QA tools,
#QA “case rounds”, reports & assessments on clinical trials)
Consistency in practice* (e.g., error data #patient data handoffs
#trends analysis, documentation for performance & process
analysis), high agreement between RTT & MD tasks' performance
(e.g., comparison of toxicity assessment, volumes contouring, image
review), compliance rate for standards in clinical audits (e.g., patient
outcomes tracking)
* Minimal consistency between RTTs & MDs tasks' performance:
tumour bed contouring (breast without clips) and OAR delineation
(prostate, bladder, and rectum)

55,69,73,77,83e85,93,94,114,116,130,134,135

Increased service capacity (e.g., #patient volumes, #appointments/
activities, #in-patient assessments) with cost savings (e.g.,
resources and workﬂow optimization, time savings)

78,84,103,104,125,130

Establishment of new technology/techniques (e.g., participation on
dedicated working groups, new workﬂow implementation, service
redesign)

55,68,69,73,77,83,85,114,130

Increased research & audit dissemination (e.g., presentations, peerreviewed publications, books/chapters of books), clinical trials
compliance, patient involvement)

55,69,73,84,85,107,121

Clinical signiﬁcance
Patient care
Enhanced patient-focused care

Enhanced paediatric-focused care
Streamlined palliative care

63,139

54,68,73,75,76,83,84,95,100,122,138

Clinical outcomes
Improved treatment outcomes
Improved quality of life

50,73,75,87,99,110,116,138

Access to care
Expedited care

Patient satisfaction
Higher patient satisfaction

Enhanced patient experience

133,135,138

54,60,61,65,68,75,80,84,87,91,99,110,112,116,117,126,129,131,139

Organizational signiﬁcance
Service efﬁciency
Enhanced service capacity

Improved resource utilization

120,122,124e126,130,131,134,136,138

54,59,73,77,83e85,91,102e104,126,131,138

Quality & safety of care
Improved quality

Maintenance of safety

50,52e54,57e59,73,74,85,87e90,92,93,95,100,102,104,105,111,115,
118e120,122,123,131,133,134,138

101,128

Service effectiveness
Increased cost-effectiveness

Technical Innovation
Enhanced service development

Research
Increased knowledge dissemination

(continued on next page)
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Table 9 (continued )
Domains & sub-domains

Outcomes & examples of metrics

Sources

Role development, career progression, job opportunities, higher
remuneration, motivation, team working in MDT
Professional proﬁle: identity & recognition, capabilities &
competencies (skills & knowledge), conﬁdence & support (e.g.,
improved staff moral due to team acceptance, self-awareness,
respect from colleagues)

27,50,55,61,62,64,68,70,75,85,91,97,98,108,116,120,124,129e131

Improved recruitment & retention, inter-disciplinary/professional
collaborative practice (e.g., skills mix adoption, team cohesiveness,
effective communication), workload optimization (ﬂexibility,
distribution), reduced work-related stress
Time savings in MDT, reduction in workload of medical & nursing
staff

54,55,58,59,62,71,75,83e85,91,93,97,108,116,131,138

Reviewer for peer reviewed journals, author/co-author of peer
reviewed publications (#published manuscripts, #abstracts,
#guidelines, #posters), editor/author of books, speaker/expert
panellist/members (conferences, courses, communities of practice,
working groups), awards, honours

55,69,84,125,138

Professional signiﬁcance
Quality of working life
Increased job satisfaction
Raised professional autonomy

50,61,64,73,85,91,97,98,100,108,116,120,124

Staff satisfaction
Increased MDT satisfaction

Improved time efﬁciency

50,60,62,71,75,83,84,91,98,102,103,114,116,129

Academic recognition
Higher productivity

MDs-medical doctors, MDT-multi-disciplinary team, QA-quality assurance, RTTs-radiation therapists, sim&treat-simulation and treatment, tt-treatment.

review. In La Rocca et al. study,101 the extreme random interobserver variability in breast cancer tumour bed contouring was
linked to the use of scar-based planning and tissue remodelling
after surgery in the group without clips (variability found between
TR/RTTs and MDs but also between MDs). In Schick et al. study,128
the OAR delineation (bladder, prostate, rectum) was inconsistent
with the gold-standard despite an education intervention. Both
studies recommended continuous education and appropriate
training allied to evidence-based practice to improve TR/RTT's
performance for future task transfer. This review evidences that
with appropriate education TR/RTTs can safely perform tasks that
improve care.
One of the omissions of the research was the clinical evidence
regarding the impact on treatment outcomes, with only one
study58 reporting local control rates and treatment toxicity. This
ﬁnding agrees with other authors12,148 who identiﬁed a lack of
robust data on patient outcomes. Few studies investigated
paediatric-focused care, academic recognition, and costeffectiveness. This last output should also be analysed on organisational innovation with a rigorous methodology to evaluate AP
roles before the implementation in daily routine.28

Limitations
Only English papers were included therefore there is the potential that AP roles implemented in non-English speaking countries have been excluded.194 Dissemination bias should be
considered due to the lower probability of studies with nonsigniﬁcant or negative results to be published.195
The terms used for the population “TR/RTTs” were based on the
most common titles for the profession at the European level,13,41
although the review aimed for a worldwide scope. However, the
search query identiﬁed a signiﬁcant portion of studies (57%) from
non-European countries.
Although only one researcher performed the coding process, six
external experts with different professional perspectives reviewed
each list item to enhance the validity of the coded activities.
Additional studies since the SLR
Since the review presented here, an additional seven articles
exploring AP roles amongst TR/RTTs have been identiﬁed.187,188,196e200 These include: an innovative AP role (sexual care
after RT)197 and a pathway for credentialing online adaptive RT
role188 in collaboration with different countries.

Education and training of AP roles
Concerns regarding the lack of adequate postgraduation education throughout Europe for AP roles in RT has been raised,20,189,190
besides the existing problem of lack of consistency in educational
backgrounds of TR/RTTs across Europe.3,8,13,191
According to EFRS 2020 survey192 there are less postgraduate
training opportunities on advanced treatment planning, advanced
RT, and stereotactic RT than on imaging modalities in European
countries. Additionally, in countries where TR/RTTs undertake
postgraduation in non-RT related areas, their education did not
necessarily improve the RT practice.193 Therefore, it is necessary to
implement strategic educational pathways for this level directed
towards the evolving needs of RT.

Conclusion
The AP roles and associated activities performed by TR/RTTs
identiﬁed in this study, illustrate the main areas that could be used
to develop professional frameworks and educational programmes.
More than two decades of peer-reviewed evidence regarding role
development and implementation of AP in RT departments can
support Higher Education Institutions (HEI), or organisations
aligned with an HEI or professional body, conceptualising and
implementing AP roles.
A succession of positive ﬁndings over time is known, and there
is a trend to demonstrate and quantify AP impact on three
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variables: clinical, organisational, and professional outcomes.
Experienced and trained TR/RTTs with core capabilities and competencies beyond the scope of practice are ﬂexible practitioners
with capacity to improve patients’ quality of care.

11. IAEA. Radiotherapy in cancer care: Facing the global challenge. International
Atomic Energy Agency; 2017.
12. White N, White H. Advanced practice in the radiography professions. In:
Advanced practice in healthcare: dynmics developments in nursing and allied
health professions. 4th ed. John Wiley & Sons; 2019. p. 101e13. https://
doi.org/10.1002/9781119439165.ch7.
13. Couto JG, McFadden S, Bezzina P, McClure P, Hughes C. An evaluation of
the educational requirements to practise radiography in the European
Union.
Radiography
2018;24(1):64e71.
https://doi.org/10.1016/
j.radi.2017.07.009.
14. Health Education England. Multi-professional framework for advanced clinical
practice in England. 2017. Published online.
15. Tsang Y, Roberts N, Wickers S, Nisbet H. Embracing skill mix in the clinical
oncology workforce - capturing impacts of consultant therapeutic radiographers in the UK. Clin Oncol 2021;33(5):e239e42. https://doi.org/10.1016/
j.clon.2021.02.001.
16. de Maeseneer J, Bourek A, McKee M, Barry M, Brouwer W, Kringos DS, et al.
Task shifting and health system design: report of the expert panel on effective
ways of investing in health (EXPH). European Union; 2019.
17. WHO. Task shifting: rational redistribution of tasks among health workforce
teams. In: Global recommendations and guidelines. World Health Organization;
2008. https://www.who.int/healthsystems/TTR-TaskShifting.pdf.
18. Sibbald B, Shen J, McBride A. Changing the skill-mix of the health care
workforce. J Health Serv Res Pol 2004;9(Suppl 1):28e38. https://doi.org/
10.1258/135581904322724112.
19. Tsang Y, Harnett N. Advanced practice in radiotherapy: how to move to the
next level? Tech Innov Patient Support Radiat Oncol 2021;17:57e8. https://
doi.org/10.1016/j.tipsro.2021.02.004.
20. Duffton A, Devlin L, Tsang Y, Mast M, Leech M. Advanced practice: an ESTRO
RTTC position paper. Tech Innov Patient Support Radiat Oncol 2019;10:16e9.
https://doi.org/10.1016/j.tipsro.2019.06.001.
21. Eddy A. Advanced practice for therapy radiographers e a discussion paper.
Radiography 2008;14(1):24e31. https://doi.org/10.1016/j.radi.2006.07.001.
22. Cowling C. A global overview of the changing roles of radiographers. Radiography 2008;14:e28e32. https://doi.org/10.1016/j.radi.2008.06.001.
23. Hardy M, Legg J, Smith T, Ween B, Williams I, Motto J. The concept of
advanced radiographic practice: an international perspective. Adv Consult
Pract Radiogr 2008;14:e15e9. https://doi.org/10.1016/j.radi.2008.10.001.
24. Lim LH, Pang EPP, Jadva-Patel H, Wong SMM. Perceptions on site-speciﬁc
advanced practice roles for radiation therapists in Singapore e a single
centre study. Tech Innov Patient Support Radiat Oncol 2020;13:17e20. https://
doi.org/10.1016/j.tipsro.2019.11.010.
25. Hilder B, VanDam P, Doherty K. Advanced practice radiation therapists: an
Australian context. J Med Radiat Sci 2018;65(2):137e47. https://doi.org/
10.1002/jmrs.280.
26. Smith T, Yielder J, Ajibulu O, Caruana E. Progress towards advanced practice
roles in Australia, New Zealand and the Western Paciﬁc. Radiography
2008;14(SUPPL. 1):e20e3. https://doi.org/10.1016/j.radi.2008.04.002.
27. Coleman K, Jasperse M, Herst P, Yielder J. Establishing radiation therapy
advanced practice in New Zealand. J Med Radiat Sci 2014;61(1):38e44.
https://doi.org/10.1002/jmrs.33.
28. Jacobs M, Boersma L, Dekker A, Swart R, Lambin P, de Ruysscher D, et al. What
is the impact of innovation on output in healthcare with a special focus on
treatment innovations in radiotherapy? A literature review. Br J Radiol
2017;90(1079). https://doi.org/10.1259/bjr.20170251.
29. European Federation of Radiographer Societies. European qualiﬁcations
framework (EQF) level 7 benchmarking document: radiographers. January 2017.
Published online.
30. Coffey M, Leech M. The European society of radiotherapy and oncology (ESTRO)
European higher education area levels 7 and 8 postgraduate benchmarking
document for radiation TherapisTs (RTTs). Tech Innov Patient Support Radiat Oncol
2018;8:22e40. https://doi.org/10.1016/j.tipsro.2018.09.009.
31. Australian society of medical imaging and radiation therapy. In: Pathway to
Advanced Practice: advanced practice for the Australian medical radiation professions; February 2017. Published online, https://www.asmirt.org/asmirt_
core/wp-content/uploads/129.pdf. [Accessed 4 January 2022].
32. Martino S. Advanced practice in radiation therapy. American Society of
Radiologic Technologists; 2007. https://www.asrt.org/docs/default-source/
research/whitepapers/acad07whtpprrttadvpractice.pdf?sfvrsn¼263cb9f9_12.
33. Canadian Association of Medical Radiation Technologists. Advanced practice in
medical radiation technology: a Canadian framework. 2015. Published online,
https://www.camrt.ca/wp-content/uploads/2015/02/Advanced-Practice-inMedical-Radiation-Technology-A-Canadian-Framework.pdf.
34. Society and College of Radiographers. Implementing the career framework in
radiotherapy e policy into practice. 2009. https://www.sor.org/getmedia/
2306af3e-27ea-4ae5-9531-08106fec6ba5/Implementing_the_career_
framework_in_radiotherapy_10Aug2009.pdf_1.
35. Society and College of Radiographers. Radiotherapy. Positioning therapeutic
radiographers within cancer services: delivering patient-centred care. 2006.
36. Society and College of Radiographers. Achieving world-class cancer outcomes:
the vision for therapeutic radiography. 2016.
37. Centre for Reviews and Dissemination, University of York. Systematic reviews.
CRD's guidance for undertaking reviews in health care. 2009.
38. Moher D, Shamseer L, Clarke M, Ghersi D, Liberati A, Petticrew M, et al.
Preferred reporting items for systematic review and meta-analysis protocols

Conﬂict of interest statement
This work was co-funded by the SAFE EUROPE project under the
Erasmus Sector Skill Alliances programme [grant agreement 20182993/001-001].
The European Commission support for the production of this
publication does not constitute an endorsement of the contents
which reﬂects the views only of the authors, and the Commission
cannot be held responsible for any use which may be made of the
information contained therein.
Helen McNair is funded by a National Institute for Health
Research and Health Education England (HEE/NIHR), Senior Clinical
Lectureship and supported by the NIHR Biomedical Research Centre
at The Royal Marsden NHS Foundation Trust and the Institute of
Cancer Research, London.
Acknowledgements
The research team would like to acknowledge the European
Federation of Radiographers' Societies (EFRS) and the Associacao
Portuguesa de Radioterapeutas (ART) for their support. Also, we
would like to appreciate the SAFE EUROPE project expert's contribution for the advanced practice roles and advanced activities
validation: Bartosz Bak, Charlotte Beardmore, Filipe Moura, Isabel
Lobato, Marco Caetano, and Kyle Muscat. This work would not be
possible without effective collaboration and support from Sonyia
McFadden, Jonathan McNulty, and Ciara Hughes.
Appendix A. Supplementary data
Supplementary data to this article can be found online at
https://doi.org/10.1016/j.radi.2022.04.009.
References
1. Lievens Y, Borras JM, Grau C. Provision and use of radiotherapy in Europe. Mol
Oncol 2020;14(7):1461e9. https://doi.org/10.1002/1878-0261.12690.
2. Borras JM, Lievens Y, Grau C. The need for radiotherapy in Europe in 2020: not
only data but also a cancer plan. Acta Oncol 2015;54(9):1268e74. https://
doi.org/10.3109/0284186X.2015.1062139.
3. ESTRO, ECF. Radiotherapy: seizing the opportunity in cancer care. 2018. Published online, https://mariecurielegacy.org/wp-content/uploads/2018/11/
Radiotherapy_seizing_the_opportunity_in_cancer_care.pdf.
4. Atun R, Jaffray DA, Barton MB, Bray F, Baumann M, Vikram B, et al. Expanding
global access to radiotherapy. Lancet Oncol 2015;16(10):1153e86. https://
doi.org/10.1016/S1470-2045(15)00222-3.
5. Borras JM, Lievens Y, Dunscombe P, Coffey M, Malicki J, Corral J, et al. The
optimal utilization proportion of external beam radiotherapy in European
countries: an ESTRO-HERO analysis. Radiother Oncol 2015;116(1):38e44.
https://doi.org/10.1016/j.radonc.2015.04.018.
6. Barton MB, Jacob S, Shaﬁq J, Wong K, Thompson SR, Hanna TP, et al. Estimating the demand for radiotherapy from the evidence: a review of changes
from 2003 to 2012. Radiother Oncol 2014;112(1):140e4. https://doi.org/
10.1016/j.radonc.2014.03.024.
7. IAEA. Handbook for the education of radiation therapists (RTTs). International
Atomic Energy Agency; 2014. https://www.iaea.org/publications/10787/ahandbook-for-the-education-of-radiation-therapists-rtts.
8. Coffey M, Leech M, Poortmans P. Benchmarking Radiation TherapisT (RTT)
education for safe practice: the time is now. Radiother Oncol 2016;119(1):
12e3. https://doi.org/10.1016/j.radonc.2016.03.008.
9. EFRS. European qualiﬁcations framework (EQF) level 6 benchmarking document:
radiographers. 2nd ed. EFRS; January 2018 Published online https://api.efrs.eu/
api/assets/posts/205.
10. Coffey MA, Mullaney L, Bojen A, Vaanderingd A, Vandeveldee G. Recommended ESTRO core curriculum for RTTs (radiation TherapisTs). 3rd ed. ESTRO;
2011
Published
online
https://www.estro.org/ESTRO/media/ESTRO/
Education/ESTRO-RTT-Benchmarking-document_rebranded.pdf.
615

C. Oliveira, B. Barbosa, J.G. Couto et al.

39.

40.

41.

42.

43.
44.

45.

46.

47.
48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.
62.

Radiography 28 (2022) 605e619
63. Collier D. A humanistic approach to paediatric radiation therapy - one family's
journey. Radiography 2013;19(4):306e10. https://doi.org/10.1016/j.radi.2013.
07.009.
64. Colyer H. The role of the radiotherapy treatment review radiographer. Radiography 2000;6(4):253e60. https://doi.org/10.1053/radi.2000.0283.
65. Colyer H, Hlahla T. Information and support radiographers: a critical review of
the role and its signiﬁcance for the provision of cancer services. J Radiother
Pract 1999;1(3):117e24. https://doi.org/10.1017/S1460396999000205.
66. Cox J, Jimenez Y. The radiation therapist's role in real-time EPI interpretation
and decision-making. Eur J Radiogr 2009;1(4):139e46. https://doi.org/
10.1016/j.ejradi.2010.04.001.
67. Dempsey SE, Burr M. The level of conﬁdence and responsibility accepted by
Australian radiation therapists in developing plans and implementing treatment. Radiography 2009;15(2):139e45. https://doi.org/10.1016/j.radi.2008.
02.002.
68. Dixon W, Pituskin E, Fairchild A, Ghosh S, Danielson B. The feasibility of
telephone follow-up led by a radiation therapist: experience in a multidisciplinary bone metastases clinic. J Med Imag Radiat Sci 2010;41(4):175e9.
https://doi.org/10.1016/j.jmir.2010.10.003.
69. Duffton A, Moore K, Williamson A. Diversity in radiation therapist/therapeutic
radiographer (RTT) advanced practice (AP) roles delivering on the four domains. Tech Innov Patient Support Radiat Oncol 2021;17:102e7. https://
doi.org/10.1016/j.tipsro.2021.02.003.
70. Eddy A. Work-based learning and role extension: a match made in heaven?
Radiography 2010;16(2):95e100. https://doi.org/10.1016/j.radi.2009.12.001.
71. Ellis T, Ashmore L, Bray D. Multidisciplinary radiographer-led review clinics an example of implementation. J Radiother Pract 2006;5(2):87e95. https://
doi.org/10.1017/S1460396906000124.
72. Elsner K, Naehrig D, Halkett GKB, Dhillon HM. Reduced patient anxiety as a
result of radiation therapist-led psychosocial support: a systematic review.
J Med Radiat Sci 2017;64(3):220e31. https://doi.org/10.1002/jmrs.208.
73. Fitzpatrick C, Javor J, Zywine C, Job M, Gram V. Advancing roles of healthcare
professionals in palliative radiotherapy. Clin Oncol 2020;32(11):753e7.
https://doi.org/10.1016/j.clon.2020.07.024.
74. French J, Darud M, Mitchell F, O'Donovan C, Biega C. The use of clinical audit to
monitor the transfer of responsibility for veriﬁcation of electronic portal
images. Can J Med Radiat Technol 2006;37(2):18e23. https://doi.org/10.1016/
S0820-5930(09)60132-8.
75. Goldﬁnch R, Allerton R, Khanduri S, Pettit L. The impact of the introduction of
a palliative Macmillan consultant radiographer at one UK cancer centre. Br J
Radiol 2016;89(1065):20160286. https://doi.org/10.1259/bjr.20160286.
76. Graveling M, Jarral K, Gore A. Does a radiographer-led palliative radiotherapy
pathway provide an efﬁcient service for patients with symptoms of advanced
cancer? The Northampton experience. J Radiother Pract 2020. https://doi.org/
10.1017/S146039692000028X. Published online.
77. Hales RB, Rodgers J, Whiteside L, McDaiD L, Berresford J, Budgell G, et al.
Therapeutic radiographers at the helm: moving towards radiographer-led
MR-guided radiotherapy. J Med Imag Radiat Sci 2020. https://doi.org/10.1016/
j.jmir.2020.05.001. Published online.
78. Halkett G, O’Connor M, Jefford M, Aranda S, Merchant S, Spry N, et al. RT
Prepare: a radiation therapist-delivered intervention reduces psychological
distress in women with breast cancer referred for radiotherapy. Br J Cancer
2018;118(12):1549e58. https://doi.org/10.1038/s41416-018-0112-z.
79. Halkett G, O’Connor M, Aranda S, Jefford M, Spry N, Shaw T, et al. Protocol for
the RT Prepare Trial: a multiple-baseline study of radiation therapists delivering education and support to women with breast cancer who are referred
for radiotherapy. BMJ Open 2014;4(8). https://doi.org/10.1136/bmjopen2014-006116.
80. Halkett G, O’Connor M, Aranda S, Jefford M, Shaw T, York D, et al. Pilot randomised controlled trial of a radiation therapist-led educational intervention for
breast cancer patients prior to commencing radiotherapy. Support Care Cancer
2013;21(6):1725e33. https://doi.org/10.1007/s00520-013-1719-5.
81. Halkett G, Schoﬁeld P, O’Connor M, York D, Jefford M, Jiwa M, et al. Development and pilot testing of a radiation therapist-led educational intervention
for breast cancer patients prior to commencing radiotherapy. Asia Pac J Clin
Oncol 2012;8(3):E1e8. https://doi.org/10.1111/j.1743-7563.2012.01520.x.
82. Hardy M, Johnson L, Sharples R, Boynes S, Irving D. Does radiography
advanced practice improve patient outcomes and health service quality? A
systematic review. Br J Radiol 2015;89(1062). https://doi.org/10.1259/
bjr.20151066.
83. Harnett N, Bak K, Zychla L, Gutierrez E, Warde P. Deﬁning advanced practice
in radiation therapy: a feasibility assessment of a new healthcare provider
role in Ontario, Canada. Radiography 2019;25(3):241e9. https://doi.org/
10.1016/j.radi.2019.02.007.
84. Harnett N, Bak K, Lockhart E, Ang M, Zychla L, Gutierrez E, et al. The Clinical
Specialist Radiation Therapist (CSRT): a case study exploring the effectiveness
of a new advanced practice role in Canada. J Med Radiat Sci 2018;65(2):86e96.
https://doi.org/10.1002/jmrs.281.
85. Harnett N, Bak K, Zychla L, Lockhart E. A roadmap for change: charting the
course of the development of a new, advanced role for radiation therapists.
J Allied Health 2014;43(2):110e6. http://search.ebscohost.com/login.aspx?
direct¼true&db¼mdc&AN¼24925038&site¼ehost-live.
86. Harnett N. Developing advanced practice: face the issues, ﬁnd the solutions.
Can J Med Radiat Technol 2007;38(4):56e60. https://doi.org/10.1016/S08205930(09)60260-7.

(PRISMA-P) 2015 statement. Syst Rev 2015;4(1):1. https://doi.org/10.1186/
2046-4053-4-1.
Saxon RL, Gray MA, Oprescu F. Extended roles for allied health professionals:
an updated systematic review of the evidence. J Multidiscip Healthc 2014.
https://doi.org/10.2147/JMDH.S66746. Published online.
McPherson K, Kersten P, George S, Lattimer V, Breton A, Ellis B, et al. A systematic review of evidence about extended roles for allied health professionals. J Health Serv Res Pol 2006;11(4):240e7. https://doi.org/10.1258/
135581906778476544.
EFRS. Deﬁnition of a radiographer. European Federation of Radiographer Societies; 2011. p. 1e2. https://www.efrs.eu/publications. [Accessed 4 January
2022].
McGowan J, Sampson M, Salzwedel DM, Cogo E, Foerster V, Lefebvre C. PRESS
peer review of electronic search strategies: 2015 guideline statement. J Clin
Epidemiol 2016;75:40e6. https://doi.org/10.1016/j.jclinepi.2016.01.021.
Critical Appraisal Skills Programme UK: CASP Checklists. Accessed August 18,
2021. https://casp-uk.net/casp-tools-checklists/.
Dalton J, Chambers D, Harden M, Street A, Parker G, Eastwood A. Service user
engagement in health service reconﬁguration: a rapid evidence synthesis.
J Health Serv Res Pol 2016;21(3):195e205. https://doi.org/10.1177/
1355819615623305.
Rodgers M, Thomas S, Harden M, Parker G, Street A, Eastwood A. Developing a
methodological framework for organisational case studies: a rapid review and
consensus development process. Health Serv Deliv Res 2016;4(1):1e142.
https://doi.org/10.3310/hsdr04010.
Sirriyeh R, Lawton R, Gardner P, Armitage G. Reviewing studies with diverse
designs: the development and evaluation of a new tool. J Eval Clin Pract
2012;18(4):746e52. https://doi.org/10.1111/j.1365-2753.2011.01662.x.
Braun V, Clarke V. Successful qualitative research: a practical guide for beginners. SAGE; 2013.
Gerrish K, McDonnell A, Kennedy F. The development of a framework for
evaluating the impact of nurse consultant roles in the UK. J Adv Nurs
2013;69(10):2295e308. https://doi.org/10.1111/jan.12116.
Snaith B, Williams S, Taylor K, Tsang Y, Kelly J, Woznitza N. Is a nurse
consultant impact toolkit relevant and transferrable to the radiography profession? An evaluation project. Radiogr Lond Engl 1995 2018;24(3):257e61.
https://doi.org/10.1016/j.radi.2018.05.001.
Acharya U, Cox J, Rinks M, Gaur P, Back M. Ability of radiation therapists to
assess radiation-induced skin toxicity. J Med Imaging Radiat Oncol 2013;57(3):
373e7. https://doi.org/10.1111/1754-9485.12034.
Acharya U, Acharya V, Vatsavayi SR, Cox J. Systematic review d role expansion in radiation therapy: from an international perspective to an Australian
context. Radiographer 2009;56(3):38e43. https://doi.org/10.1002/j.20513909.2009.tb00108.x.
Arculeo S, Miglietta E, Nava F, Morra A, Leonardi MC, Comi S, et al. The
emerging role of radiation therapists in the contouring of organs at risk in
radiotherapy: analysis of inter-observer variability with radiation oncologists
for the chest and upper abdomen. ecancermedicalscience 2020;14. https://
doi.org/10.3332/ECANCER.2020.996.
Batumalai V, Koh ES, Delaney GP, Holloway LC, Jameson MG, Papadatos G,
et al. Interobserver variability in clinical target volume delineation in
tangential breast irradiation: a comparison between radiation oncologists and
radiation therapists. Clin Oncol 2011;23(2):108e13. https://doi.org/10.1016/
j.clon.2010.10.004.
Blyth CM, Anderson J, Hughson W, Thomas A. An innovative approach to
palliative care within a radiotherapy department. J Radiother Pract 2000;2(2):
85e90. https://doi.org/10.1017/S1460396900000145.
Bolderston A, Smoke M, Hamett N, Lewis D, Wenz J. Canadian managers'
perspectives on advanced practice. Radiat Ther 2005;14(2). https://www.
researchgate.net/publication/288864239_Canadian_managers'_perspectives_
on_advanced_practice.
Bolderston A. Advanced Practice issues for radiation therapists in the province
of Ontario: a case study. Can J Med Radiat Technol 2005;36(2):5e14. https://
doi.org/10.1016/S0820-5930(09)60070-0.
Bristow B, Saloojee S, Silveira M, Vakani S, Turner A. Role development for
radiation therapists: an examination of the computed tomographic simulation procedure for patients receiving radiation therapy for breast cancer.
J Med Imag Radiat Sci 2014;45(1):16e23. https://doi.org/10.1016/
j.jmir.2013.10.011.
Buckley H, Bradshaw K, Gregory D, Prewett S, Tan LT. Clinical outcome of exclusively radiographer-led delivery of postoperative vaginal vault brachytherapy for
endometrial cancer - the Addenbrooke's experience. Clin Oncol R Coll Radiol G B
2019;31(12):844e9. https://doi.org/10.1016/j.clon.2019.06.018.
Buijs M, Pos F, Frantzen-Steneker M, Rossi M, Remeijer P, Koetsveld F. Take
Action Protocol: a radiation therapist led approach to act on anatomical
changes seen on CBCT. Tech Innov Patient Support Radiat Oncol 2021;17:71e7.
https://doi.org/10.1016/j.tipsro.2020.12.001.
Cameron JL, Blyth CM, Kirby AS. An audit of a radiotherapy review clinic for
breast cancer patients: a multi-disciplinary approach. J Radiother Pract
2008;7(4):233e9. https://doi.org/10.1017/S1460396908006468.
Cameron J. Radiographer review clinics: breast cancer. J Radiother Pract
2004;4(1):33e8. https://doi.org/10.1017/S1460396904000068.
Coleman K, Herst P, Sycamore C. Role extension for radiation therapists in
New Zealand: a survey of radiation oncologists and radiation therapists.
Shadows 2008;52:11e8.
616

C. Oliveira, B. Barbosa, J.G. Couto et al.

Radiography 28 (2022) 605e619
110. McIlroy P, McIntyre A, Ross A, Gallagher C, Brown C. Breast radiotherapy: a
single centre survey of non-medical weekly patient review. J Radiother Pract
2008;7(1):19e29. https://doi.org/10.1017/S146039690700622X.
111. McNair H, Hafeez S, Taylor H, Lalondrelle S, McDonald F, Hansen V, et al.
Radiographer-led plan selection for bladder cancer radiotherapy: initiating a
training programme and maintaining competency. Br J Radiol 2015;88(1048):
20140690. https://doi.org/10.1259/bjr.20140690.
112. Miller C. Radiation oncology: an Irish hospitals approach to supporting patients.
Radiography 2009;15(1):20e5. https://doi.org/10.1016/j.radi.2007.10.005.
113. Mitchell F. Patient education at a distance. Radiography 2007;13(1):30e4.
https://doi.org/10.1016/j.radi.2005.10.005.
114. Mitchell F. A study into the review and veriﬁcation of breast images treated
with isocentric technique. Radiography 2007;13(3):180e6. https://doi.org/
10.1016/j.radi.2006.02.002.
115. Monk CM, Wrightson SJ, Smith TN. An exploration of the feasibility of radiation therapist participation in treatment reviews. J Med Radiat Sci
2013;60(3):100e7. https://doi.org/10.1002/jmrs.23.
116. Murray S, Gilleece TM, Shepherd PH. Evaluating the effectiveness of the
clinical research radiographer undertaking the on-treatment review of clinical trial patients receiving radiotherapy for prostate cancer. J Radiother Pract
2019;18(2):123e6. https://doi.org/10.1017/S1460396918000626.
117. Ormerod AM, Jessop AJ. An evaluation of support of patients with prostate
cancer during and beyond radiotherapy treatment. A local perspective on
future provision. J Radiother Pract 2015;14(4):370e7. https://doi.org/10.1017/
S1460396915000308.
118. Oultram S, Dempsey S, Greer P, Clapham M. Comparing breast conservation
surgery seromas contoured by radiation therapists versus those contoured by
a radiation oncologist in radiation therapy planning for early-stage breast
cancer. J Med Imag Radiat Sci 2020;51(1):108e16. https://doi.org/10.1016/
j.jmir.2019.10.007.
119. Oultram S, Dempsey S. A feasibility study on the identiﬁcation of postlumpectomy seromas by a radiation therapist compared with that by radiation oncologists in radiation therapy planning for early stage breast cancer.
J Med Imag Radiat Sci 2018;49(2):173e8. https://doi.org/10.1016/
j.jmir.2018.02.055.
120. Pathmanathan AU, McNair HA, Schmidt MA, Brand DH, Delacroix L, Eccles CL,
et al. Comparison of prostate delineation on multimodality imaging for MRguided radiotherapy. Br J Radiol 2019;92(1095):20180948. https://doi.org/
10.1259/bjr.20180948.
121. Roberts N. A development framework for the consultant radiographer in
oncology: the Leeds experience. J Radiother Pract 2016;15(2):210e4. https://
doi.org/10.1017/S1460396916000042.
122. Rose B, Fairchild A, Ghosh S, Eberle S, Campbell T, Robinson D. Virtual
simulation of bone metastases by a dedicated palliative radiation therapist: a
retrospective comparison pilot study. J Med Imag Radiat Sci 2010;41(1):25e9.
https://doi.org/10.1016/j.jmir.2009.12.003.
123. Rosewall T, Yan J, Bayley A, Kelly V, Pellizzari A, Chung P, et al. Inter-professional variability in the assignment and recording of acute toxicity grade
using the RTOG system during prostate radiotherapy. Radiother Oncol J Eur Soc
Ther Radiol Oncol. Published online 2009. https://doi.org/10.1016/
j.radonc.2008.12.003.
124. Rosewall T, Kelly V, Kong V, Huang SH, Bayley AJ, Catton CN. Stakeholder
insights into autonomous setup correction by radiation therapists during
high-dose prostate radiotherapy. J Med Imag Radiat Sci 2009;40(2):53e9.
https://doi.org/10.1016/j.jmir.2009.02.002.
125. Rozanec N, Lavergne C, Harnett N. A Canadian experience of palliative
advanced practice radiation therapy TIPS: training, implementation, practice
and sustainability. Tech Innov Patient Support Radiat Oncol 2021;17:89e96.
https://doi.org/10.1016/j.tipsro.2021.01.003.
126. Rozanec N, Smith S, Wells W, Moyo E, Zychla L, Harnett N. Patient satisfaction with the role of a clinical specialist radiation therapist in palliative
care. J Radiother Pract 2017;16(3):226e31. https://doi.org/10.1017/
S1460396917000267.
127. Rybovic M, Halkett GK, Banati RB, Cox J. Radiation therapists' perceptions of
the minimum level of experience required to perform portal image analysis.
Radiography 2008;14(4):294e300. https://doi.org/10.1016/j.radi.2007.07.004.
128. Schick K, Sisson T, Frantzis J, Khoo E, Middleton M. An assessment of OAR
delineation by the radiation therapist. Radiography 2011;17(3):183e7.
https://doi.org/10.1016/j.radi.2011.01.003.
129. Shi J, Cox J, Atyeo J, Loh Y, Choung WL, Back M. Clinician and therapist perceptions on radiation therapist-led treatment reviews in radiation oncology
practice. Radiother Oncol 2008;89(3):361e7. https://doi.org/10.1016/
j.radonc.2008.05.005.
130. Smith S, Comins C. Radiographer-led breast boost localisation - a service
evaluation study. Radiography 2015;21(2):136e40. https://doi.org/10.1016/
j.radi.2014.08.002.
131. Suter B, Shoulders B, Maclean M, Balyckyi J. Machine veriﬁcation radiographs:
an opportunity for role extension? Radiography 2000;6(4):245e51. https://
doi.org/10.1053/radi.2000.0275.
132. Tan K, Lee G, Dinniwell R. Relevant and current”: radiation therapy students'
perception of clinical credibility in the CSRT as lecturer. J Med Imag Radiat Sci
2012;43(3):175e80. https://doi.org/10.1016/j.jmir.2012.03.001.
133. Treeby J. Prospective cohort survey of patient satisfaction with on-treatment
review by advanced practice urology radiographer. J Radiother Pract
2008;7(4):205e12. https://doi.org/10.1017/S1460396908006456.

87. Hetherington SM, Gilleece T, Shepherd P, Crowther K, O’Sullivan J, Jain S, et al.
TRUFU: therapeutic radiographer undertaking follow up for prostate cancer
patients.
Radiography
2018;24(4):298e303.
https://doi.org/10.1016/
j.radi.2018.06.001.
88. Holden L, Loblaw DA. Prospective evaluation of the concordance between
radiation therapists and radiation oncologists on daily veriﬁcation ﬁlms. Can J
Med Radiat Technol 2005;36(2):20e4. https://doi.org/10.1016/S08205930(09)60072-4.
89. Holden L, Barker R, Lewis D. Evaluating digital veriﬁcation images by radiation therapists and radiation oncologists. Do we still agree? Can J Med
Radiat Technol 2007;38(3):17e21. https://doi.org/10.1016/S0820-5930(09)
60206-1.
90. Hudson J, Doolan C, McDonald F, Locke I, Ahmed M, Gunapala G, et al. Are
therapeutic radiographers able to achieve clinically acceptable veriﬁcation for
stereotactic lung radiotherapy treatment (SBRT)? J Radiother Pract
2014;14(1):10e7. https://doi.org/10.1017/S1460396914000478.
91. Jasperse M, Herst P, Coleman K. Evaluation of an “In House” RT-led treatment
review programme. Shadows 2010;53:4e7.
92. Jereczek-Fossa B, Pobbiati C, Santoro L, Fodor C, Fanti P, Vigorito S, et al.
Prostate positioning using cone-beam computer tomography based on manual
soft-tissue registration: interobserver agreement between radiation oncologists
and therapists, vol. 190. Strahlenther Onkol Organ Dtsch Rontgengesellschaft
Al; 2013.
93. Jereczek-Fossa B, Santoro L, Colangione S, Morselli L, Fodor C, Vischioni B,
et al. Electronic portal imaging registration in breast cancer radiotherapy
veriﬁcation: analysis of inter-observer agreement among different categories
of health practitioners. Neoplasma 2013;60. https://doi.org/10.4149/neo_
2013_040.
94. Job M, Holt T, Bernard A. Reducing radiotherapy waiting times for palliative
patients: the role of the advanced practice radiation therapist. J Med Radiat Sci
2017;64(4):274e80. https://doi.org/10.1002/jmrs.243.
95. Job M, Holt T, Bernard A. An evaluation of an advanced practice role in
palliative radiation therapy. J Med Radiat Sci 2019;66(2):96e102. https://
doi.org/10.1002/jmrs.318.
96. Khine RNM, Stewart-Lord A. An examination of Advanced Clinical Practice:
qualitative insights from therapeutic radiography advanced and consultant
practitioners based in England. Tech Innov Patient Support Radiat Oncol
2021;17:97e101. https://doi.org/10.1016/j.tipsro.2020.12.003.
97. Kinamore C. Exploring attitudes and opinions of radiation therapists in British
Columbia towards advanced practice. J Radiother Pract 2014;13(3):264e76.
https://doi.org/10.1017/S1460396913000319.
98. Kyei K, Engel-Hills P. Pain assessment: the role of radiation therapist. South Afr
Radiogr 2010;49:13e7.
99. Kyei KA, Engel-Hills P. A pain survey to support role development for Radiation Therapists in Ghana. J Radiother Pract 2013;12(2):105e13. https://
doi.org/10.1017/S1460396912000040.
100. Lacey C, Ockwell C, Locke I, Thomas K, Hendry J, McNair H. A prospective
study comparing radiographer- and clinician-based localization for patients
with metastatic spinal cord compression (MSCC) to assess the feasibility of a
radiographer-led service. Br J Radiol 2015;88(1055):20150586. https://
doi.org/10.1259/bjr.20150586.
101. La Rocca E, Lici V, Giandini T, Bonfantini F, Frasca S, Dispinzieri M, et al.
Interobserver variability (between radiation oncologist and radiation therapist) in tumor bed contouring after breast-conserving surgery. Tumori
2019;105(3):210e5. https://doi.org/10.1177/0300891619839288.
102. Lee G, Dinniwell R, Liu FF, Fyles A, Han K, Conrad T, et al. Building a new
model of care for rapid breast radiotherapy treatment planning: evaluation of
the advanced practice radiation therapist in cavity delineation. Clin Oncol
2016;28(12):E184e91. https://doi.org/10.1016/j.clon.2016.07.013.
103. Lee G, Dinniwell RE, Purdie TG, Rahman M, Foxcroft S, Fyles A. QuickStart
radiotherapy: an inter-professional approach to expedite radiotherapy
treatment in early breast cancer. J Radiother Pract 2015;14(3):236e43. https://
doi.org/10.1017/S1460396915000205.
104. Lee G, Fyles A, Cho BCJ, Easson AM, Fenkell LL, Harnett N, et al. Evaluation of
variability in seroma delineation between clinical specialist radiation therapist and radiation oncologist for adjuvant breast irradiation. Pract Radiat Oncol
2012;2(2):114e21. https://doi.org/10.1016/j.prro.2011.07.002.
105. Lee G, Harnett N, Zychla L, Dinniwell RE. Radiotherapy treatment review: a
prospective evaluation of concordance between clinical specialist radiation
therapist and radiation oncologist in patient assessments. J Med Imag Radiat
Sci 2012;43(1):6e10. https://doi.org/10.1016/j.jmir.2011.10.001.
106. Lees L. The role of the “on treatment” review radiographer: what are the
requirements? J Radiother Pract 2008;7(3):113e31. https://doi.org/10.1017/
S146039690800633X.
107. Linden K, Renaud J, Zohr R, Gaudet M, Haddad A, Pantarotto J, et al. Clinical
specialist radiation therapist in palliative radiation therapy: report of an
orientation, training, and support program. J Med Imag Radiat Sci 2019;50(4):
543e50. https://doi.org/10.1016/j.jmir.2019.08.009.
108. Martens B, Veldman L, Singleton M, Fawcett S, Ali S. Radiation therapists'
perceptions of advanced practice in Alberta. J Med Imag Radiat Sci 2018;49(1):
62e9. https://doi.org/10.1016/j.jmir.2017.12.002.
109. Matthews K, Duchesne G, Baird M. Navigating uncertainty: the implementation of Australian radiation therapy advanced practitioners. Tech Innov
Patient Support Radiat Oncol 2021;17:82e8. https://doi.org/10.1016/
j.tipsro.2020.12.002.
617

C. Oliveira, B. Barbosa, J.G. Couto et al.

Radiography 28 (2022) 605e619

~es R, Elkhuizen PHM, Janssen TM. Evaluation of
134. van Pelt VWJ, Gerrets S, Simo
delineating the target volume by radiation therapists in breast cancer patients. Tech Innov Patient Support Radiat Oncol 2021;17:78e81. https://doi.org/
10.1016/j.tipsro.2021.01.001.
135. Verma R, Treasure P, Hughes R. Development and evaluation of radiographer
led telephone follow up following radical radiotherapy to the prostate. A
report of a Macmillan Cancer Support Sponsored Pilot project at Mount
Vernon Hospital. Radiography 2015;21(1):16e24. https://doi.org/10.1016/
j.radi.2014.05.003.
136. Welgemoed C. Role development for therapy radiographers in breast planning: a case study and discussion of inﬂuencing factors. J Radiother Pract
2008;7(1):47e57. https://doi.org/10.1017/S1460396907006267.
137. White P, Lee SWY, Wong CWY, Lee AKW, Cheung DN. Role development
for therapeutic radiographers in the public hospitals in Hong Kong.
J Radiother Pract 2004;4(2e3):66e77. https://doi.org/10.1017/S1460396
905000117.
138. Wong SMM, Sin SY, Lim LH, NurulTassha BMA, Lin J, Melissa K, et al. The
implementation of an advanced practice radiation therapy (APRT) program in
Singapore. Tech Innov Patient Support Radiat Oncol 2021;17:63e70. https://
doi.org/10.1016/j.tipsro.2021.02.002.
139. Woodman H. Put yourself in their shoes the vulnerability of children and their
families when attending for radiotherapy treatment: the role of the specialist
paediatric radiotherapy radiographer. Radiography 2013;19(4):311e4.
https://doi.org/10.1016/j.radi.2013.08.006.
140. Evans C, Poku B, Pearce R, ldridge J, Hendrick P, Knaggs R, et al. Characterising
the outcomes, impacts and implementation challenges of advanced clinical
practice roles in the UK: a scoping review. BMJ Open 2021;11(8):e048171.
https://doi.org/10.1136/bmjopen-2020-048171.
141. Matthews KL. Implementing radiation therapy advanced practice: a grounded
theory study. thesis. Monash University; 2021. https://doi.org/10.26180/
15148761.v1.
142. Page BA, Bernoth M, Davidson R. Factors inﬂuencing the development and
implementation of advanced radiographer practice in Australia e a qualitative study using an interpretative phenomenological approach. J Med Radiat
Sci 2014;61(3):142e50. https://doi.org/10.1002/jmrs.62.
143. Bryant-Lukosius D, Dicenso A. A framework for the introduction and evaluation of advanced practice nursing roles. J Adv Nurs 2004;48(5):530e40.
https://doi.org/10.1111/j.1365-2648.2004.03235.x.
144. Bryant-Lukosius D, Dicenso A, Browne G, Pinelli J. Advanced practice nursing
roles: development, implementation and evaluation. J Adv Nurs 2004;48(5):
519e29. https://doi.org/10.1111/j.1365-2648.2004.03234.x.
145. Ryley N, Middleton C. Framework for advanced nursing, midwifery and allied
health professional practice in Wales: the implementation process. J Nurs
Manag 2016;24(1):E70e6. https://doi.org/10.1111/jonm.12291.
€ AM, Kylma
€ J, Haatainen K. Advanced nursing roles: a
146. Jokiniemi K, Pietila
systematic review. Nurs Health Sci 2012;14(3):421e31. https://doi.org/
10.1111/j.1442-2018.2012.00704.x.
147. Delemaire MLG. Nurses in advanced roles: a description and evaluation of experiences in 12 developed countries, vol. 54; 2010. https://doi.org/10.1787/
5kmbrcfms5g7-en.
148. Hardy M. Advanced practice: research report. University of Bradford; 2021. p. 136.
149. Robarts S, Kennedy D, MacLeod AM, Findlay H, Gollish J. A framework for the
development and implementation of an advanced practice role for physiotherapists that improves access and quality of care for patients. Healthc Q Tor
Ont 2008;11(2):67e75. https://doi.org/10.12927/hcq.2008.19619.
150. Akehurst N, Bamford S, Brooks E. A specialist led back pain service in primary
care. Advanced Practice Physiotherapists (APP) working as ﬁrst contact
practitioners (FCPs). Physiotherapy 2019;105:e100. https://doi.org/10.1016/
j.physio.2018.11.077.
151. Caine R, Wynne C. Advanced practitioner physiotherapists in primary care: a
new
era.
Physiotherapy
2016;102:e142.
https://doi.org/10.1016/
j.physio.2016.10.163.
152. Snaith B. Development of the radiography evidence base: an examination of
advancing practice. University of Bradford; 2014. https://bradscholars.brad.ac.
uk/handle/10454/6314. [Accessed 30 January 2022].
153. Henderson I, Mathers SA, McConnell J, Minnoch D. Advanced and extended
scope practice of radiographers: the Scottish perspective. Radiography
2015;22(2). https://doi.org/10.1016/j.radi.2015.12.002.
154. Manley K. Organisational culture and consultant nurse outcomes: Part 1.
Organisational culture. Nurs Stand R Coll Nurs G B 1987 2000;14(36):34e8.
https://doi.org/10.7748/ns2000.05.14.36.34.c2840.
155. Manley K. Organisational culture and consultant nurse outcomes: Part 2.
Nurse outcomes. Nurs Stand R Coll Nurs G B 1987 2000;14(37):34e9. https://
doi.org/10.7748/ns2000.05.14.37.34.c2846.
156. Kennedy F, McDonnell A, Gerrish K, Howarth A, Pollard C, Redman J. Evaluation of the impact of nurse consultant roles in the United Kingdom: a mixed
method systematic literature review. J Adv Nurs 2012;68(4):721e42. https://
doi.org/10.1111/j.1365-2648.2011.05811.x.
157. Humphreys A, Richardson J, Stenhouse E, Watkins M. Assessing the impact of
nurse and allied health professional consultants: developing an activity diary.
J Clin Nurs 2010;19(17e18):2565e73. https://doi.org/10.1111/j.13652702.2009.03022.x.
158. Stevenson K, Ryan S, Masterson A. Nurse and allied health professional consultants: perceptions and experiences of the role. J Clin Nurs 2011;20(3e4):
537e44. https://doi.org/10.1111/j.1365-2702.2010.03506.x.

159. Craik C, McKay EA. Consultant therapists: recognising and developing
expertise. Br J Occup Ther 2003;66(6):281e3. https://doi.org/10.1177/
030802260306600608.
160. Rees Z. Consultant breast radiographers: where are we now?: an evaluation of
the current role of the consultant breast radiographer. Radiography
2014;20(2):121e5. https://doi.org/10.1016/j.radi.2013.12.005.
161. Henwood S, Booth L, Miller PK. Reﬂections on the role of consultant radiographers in the UK: the perceived impact on practice and factors that support
and hinder the role. Radiography 2016;22(1):44e9. https://doi.org/10.1016/
j.radi.2015.06.001.
162. Forsyth LJ, Maehle V. Consultant radiographers: proﬁle of the ﬁrst generation. Radiography 2010;16(4):279e85. https://doi.org/10.1016/j.radi.2010.
04.006.
163. Ford P. The role of the consultant radiographer e experience of appointees.
Radiography 2010;16(3):189e97. https://doi.org/10.1016/j.radi.2010.03.001.
164. Khine R. The professional and organisational impact of the consultant therapeutic radiographer: a case study. doctoral. City, University of London; 2017.
https://openaccess.city.ac.uk/id/eprint/18844/. [Accessed 30 January 2022].
165. Price R, Miller L. An evaluation of the impact of implementation of consultant
practitioners in clinical imaging. Society and College of Radiographers; 2010.
p. 46.
166. Canadian Association of Medical Radiation Technologists. Advanced practice
registered technologist (radiation therapy): competency proﬁle. 2018.
167. Cancer Care Ontario & Action Cancer Ontario. New ways of working: a provincial strategy for advanced practice roles in cancer cancer care. 2006.
168. Academy of Medical Royal Colleges. Developing professional identity in multiprofessional teams. 2020.
169. College of Radiographers. Consultant radiographer e guidance for the support of
new and established roles. 2019.
170. The Royal College of Radiologists, Society and College of Radiographers.
Institute of physics and engineering in medicine, children's cancer and
leukaemia group. In: Good practice guide for paediatric radiotherapy. 2nd ed.
2018. p. 52.
171. Society and College of Radiographers. Practice guidance for radiographer independent and/or supplementary prescribers. 2016.
172. College of Radiographers. Clinical imaging and oncology: learning and development framework for clinical imaging and oncology. The Society and College of
Radiographers; 2007. https://www.sor.org/learning-advice/professional-bo
dy-guidance-and-publications/documents-and-publications/policy-guidancedocument-library/education-and-career-framework-for-the-radiography/lea
rning-and-development-framework-for-clinical-im. [Accessed 4 January
2022].
173. Skubish S, Starrs C, McDonagh D. Exploring opportunities & pathways for
advanced practice radiation therapy roles in the United States. Tech Innov
Patient Support Radiat Oncol 2021;17:59e62. https://doi.org/10.1016/
j.tipsro.2021.01.005.
174. Vapiwala N, Giuliani M, Harnett N. Advancing our practice through the
advanced practice radiation therapist model: catching up with Canada. Int J
Radiat Oncol Biol Phys 2017;98(3):497e500. https://doi.org/10.1016/
j.ijrobp.2017.02.221.
175. Dennis K, Harris G, Kamel R, Barnes T, Balboni T, Fenton P, et al. Rapid access
palliative radiotherapy programmes. Clin Oncol R Coll Radiol G B 2020;32(11):
704e12. https://doi.org/10.1016/j.clon.2020.08.002.
176. LeGuerrier B, Huang F, Spence W, Rose B, Middleton J, Palen M, et al. Evolution of the radiation therapist role in a multidisciplinary palliative radiation
oncology clinic. J Med Imag Radiat Sci 2019;50(1):17. https://doi.org/10.1016/
j.jmir.2018.07.005.
177. Duffton A, Li W, Forde E. The pivotal role of the therapeutic radiographer/
radiation therapist in image-guided radiotherapy research and development.
Clin Oncol 2020;32(12):852e60. https://doi.org/10.1016/j.clon.2020.09.009.
178. White E, Kane G. Radiation medicine practice in the image-guided radiation
therapy era: new roles and new opportunities. Image-Guid Radiat Ther.
2007;17(4):298e305. https://doi.org/10.1016/j.semradonc.2007.07.001.
179. Botman R, Tetar SU, Palacios MA, Slotman BJ, Lagerwaard FJ, Bruynzeel AME.
The clinical introduction of MR-guided radiation therapy from a RTT
perspective. Clin Transl Radiat Oncol 2019;18:140e5. https://doi.org/10.1016/
j.ctro.2019.04.019.
180. Alexander SE, Hopkins N, Lalondrelle S, Taylor A, Titmarsh K, McNair HA. RTTled IGRT for cervix cancer; training, implementation and validation. Tech
Innov Patient Support Radiat Oncol 2019;12:41e9. https://doi.org/10.1016/
j.tipsro.2019.10.007.
181. McNair HA, Franks KN, Herk M van. On target 2: updated guidance for imageguided radiotherapy. Clin Oncol 2021. https://doi.org/10.1016/j.clon.20
21.10.002.
182. Radiotherapy Board. On target 2: updated guidance for image- guided radiotherapy. The Royal College of Radiologists; 2021.
183. Rai R, Kumar S, Batumalai V, Elwadia D, Ohanessian L, Juresic E, et al. The
integration of MRI in radiation therapy: collaboration of radiographers and
radiation therapists. J Med Radiat Sci 2017;64(1):61e8. https://doi.org/
10.1002/jmrs.225.
184. Chan K, Cashell A, Rosewall T. From computed tomographyeguided to magnetic resonance imagingeguided intracavitary brachytherapy for cervical
cancer: what do the key stakeholders have to say about the transition? J Med
Imag Radiat Sci 2017;48(4):394e401. https://doi.org/10.1016/j.jmir.20
17.09.010.
618

C. Oliveira, B. Barbosa, J.G. Couto et al.

Radiography 28 (2022) 605e619
193. Coffey M, Leech M. Introduction to the ESTRO European qualiﬁcations
framework (EQF) 7 and 8: benchmarking radiation therapist (RTT) advanced
education. Tech Innov Patient Support Radiat Oncol 2018;8:19e21. https://
doi.org/10.1016/j.tipsro.2018.09.008.
194. Moher D, Pham B, Lawson ML, Klassen TP. The inclusion of reports of randomised trials published in languages other than English in systematic reviews. Health Technol Assess Winch Engl 2003;7(41):1e90. https://doi.org/
10.3310/hta7410.
195. Shamseer L, Moher D, Clarke M, Ghersi D, Liberati A, Petticrew M, et al.
Preferred reporting items for systematic review and meta-analysis protocols
(PRISMA-P) 2015: elaboration and explanation. BMJ 2015;349(jan02 1).
https://doi.org/10.1136/bmj.g7647. g7647-g7647.
196. Hilder B, VanDam P, Doherty K. Investigating opinions of, and perceptions to,
advanced practice radiation therapist roles. J Med Imag Radiat Sci 2021;52(2):
198e206. https://doi.org/10.1016/j.jmir.2021.01.008.
197. Nisbet H, Caulﬁeld L, Holloway E. An evaluation of a therapeutic radiographer
led “sexual care after radiotherapy” clinic. Radiography 2021;27(3):897e902.
https://doi.org/10.1016/j.radi.2021.02.009.
198. Lavergne C, Rozanec N, Harnett N. The palliative clinical specialist radiation
therapist: a CAMRT White Paper. J Med Imag Radiat Sci 2021;52(4):636e49.
https://doi.org/10.1016/j.jmir.2021.08.016.
199. Alexander SE, Booth L, Delacroix L, Gordon A, Kirkpatrick N, Tree AC. Evaluation of a urology specialist therapeutic radiographer implemented radiotherapy pathway for prostate cancer patients. Radiography 2021;27(2):
430e6. https://doi.org/10.1016/j.radi.2020.10.006.
200. Sin SY, Chua MLK, Wong SMM, Sommat K, Lin XY, Ng YY, et al. An evaluation
of concordance between head and neck advanced practice radiation therapist
and radiation oncologists in toxicity assessment for nasopharyngeal carcinoma patients. Tech Innov Patient Support Radiat Oncol 2021;19:52e6. https://
doi.org/10.1016/j.tipsro.2021.08.001.

185. Eccles CL, Campbell M. Keeping up with the hybrid magnetic resonance linear
accelerators: how do radiation therapists stay current in the era of hybrid
technologies? J Med Imag Radiat Sci 2019;50(2):195e8. https://doi.org/
10.1016/j.jmir.2019.04.001.
186. Korreman S, Rasch C, McNair H, Verellen D, Oelfke U, Maingon P, et al. The European Society of Therapeutic Radiology and Oncology-European Institute of
Radiotherapy (ESTRO-EIR) report on 3D CT-based in-room image guidance systems: a practical and technical review and guide. Radiother Oncol J Eur Soc Ther
Radiol Oncol 2010;94(2):129e44. https://doi.org/10.1016/j.radonc.2010.01.004.
187. McNair HA, Joyce E, O’Gara G, Jackson M, Peet B, Huddart RA, et al. Radiographer-led online image guided adaptive radiotherapy: a qualitative investigation of the therapeutic radiographer role. Radiography 2021;27(4):
1085e93. https://doi.org/10.1016/j.radi.2021.04.012.
188. Shepherd M, Graham S, Ward A, Zwart L, Cai B, Shelley C, et al. Pathway for
radiation therapists online advanced adapter training and credentialing. Tech
Innov Patient Support Radiat Oncol 2021;20:54e60. https://doi.org/10.1016/
j.tipsro.2021.11.001.
189. Nightingale J, McNulty J. Advanced practice: maximising the potential of the
modern radiographer workforce. HealthManagement 2016;3(16):230e3.
https://healthmanagement.org/c/healthmanagement/issuearticle/advancedpractice. [Accessed 3 January 2022].
190. McNulty JP, Rainford L, Bezzina P, Henner A, Kukkes T, Pronk-Larive D, et al. A
picture of radiography education across Europe. Radiography 2016;22(1):
5e11. https://doi.org/10.1016/j.radi.2015.09.007.
191. Couto JG, McFadden S, McClure P, Bezzina P, Camilleri L, Hughes C. Evaluation
of radiotherapy education across the EU and the impact on graduates' competencies working on the linear accelerator. Radiography 2021;27(2):
289e303. https://doi.org/10.1016/j.radi.2020.08.010.
192. EFRS. Results of the EFRS 2020 annual survey. Educational wing members. European Federation of Radiographer Societies; 2020. www.efrs.eu.

619

