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A B S T R A C T   

Technological advances in radiation therapy impact on the role and scope of practice of the radiation therapist. 
The European Society of Radiotherapy and Oncology (ESTRO) recently held two workshops on this topic and this 
position paper reflects the outcome of this workshop, which included radiation therapists from all global regions. 

Workflows, quality assurance, research, IGRT and ART as well as clinical decision making are the areas of 
radiation therapist practice that will be highly influenced by advancing technology in the near future. This 
position paper captures the opportunities that this will bring to the radiation therapist profession, to the practice 
of radiation therapy and ultimately to patient care.  
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Introduction 

New technology, including Artificial Intelligence (AI) has, and will 
continue to, revolutionise how we practice radiation therapy (RT). The 
ability and capacity of AI to detect, identify, process and remember an 
increasing number of relevant variables has been demonstrated in many 
settings and linked human knowledge, skills and empathy can be of 
immense benefit to patient care [1,2]. 

Based on a recent European Society of Radiotherapy and Oncology 
(ESTRO) workshop, this practice development paper will discuss the 
areas where new technology will progress the profession of radiation 
therapy. We believe that AI in particular, should be viewed as one 
enabling technology for radiation therapists contributing to the team 
effort to personalise patient treatment and care. 

To ensure successful development and implementation of new 
technology in RT, it is essential that radiation therapists are involved at 
all stages of the process. Radiation therapists, who understand the in-
tricacies of the RT workflow, are in an ideal position to identify areas 
where further technological intervention is most needed or will have 
greatest impact. Prioritising solutions that address clinical and work-
force needs are vital [3]. 

Radiation therapists have an in-depth knowledge of the patient, 
clinical and technical data collected during RT, enabling them to pro-
ficiently identify, sort and export data relevant for the application of 
new technologies. Furthermore, radiation therapists can enhance the 
quality of the data collected, for example by optimising image quality, 
contours or dosimetry, where the performance of machine learning 
greatly depends on the quality of input data [3,4]. 

As an end-user, radiation therapists are fundamental to the clinical 
application of technological solutions. They are in an opportune position 
to critique the usability and suitability of such tools, validate their 
outputs and modify protocols and workflows accordingly. The rela-
tionship between radiation therapist and patient provides opportunity to 
deliver training and guidance to patients on advanced technology, to 
ensure full understanding of their application and associated ethical 
considerations. By doing so, the radiation therapist takes an active role 
in promoting patient safety and ensuring that these tools are used 
effectively and responsibly in the context of RT. 

Radiation therapists bear responsibility for treatment preparation, as 
part of the multidisciplinary team, and treatment delivery. It is therefore 
essential that they develop the technical skills and knowledge needed to 
evaluate and troubleshoot technology effectively [5]. Addressing these 
challenges requires education and training opportunities at undergrad-
uate and postgraduate level to improve digital literacy and skills [6], 
promoting the benefits of new technology and engaging radiation 
therapists in the development of technological solutions to increase their 
acceptability and perceived effectiveness [3]. 

In this practice development paper, we will discuss how AI and other 
technological advances will move the profession of radiation therapy 
forward with specific reference to improvement in quality consistency 
and workflow, research, image guided radiation therapy (IGRT), adap-
tive radiation therapy (ART) and clinical decision making. 

Radiation therapy workflows 

Technology has the potential to serve as a digital transformation tool 
[7]. One example is the replacement of repetitive and time-consuming 
tasks prone to interobserver variability at various stages of the RT 
workflow (Table 1) to increase productivity and workload efficiency [8]. 
This would provide opportunity for traditionally rigidly-scheduled ra-
diation therapists time to focus on other work. This may include psy-
chosocial patient care, RT toxicity management and research. This will 
support the development of advanced practitioner roles, ultimately 
improving practice and outcomes and enhancing the patient experience. 

Quality 

Technology has the potential to improve the quality and consistency 
of RT treatments. Automated treatment plans eliminate the dependence 
on the skill and training of the planner/dosimetrist, consistently pro-
ducing high quality plans [9]. This could improve parity across patients, 
departments, health networks and regions. Compiling, sorting and 
analysing internationally accrued RT datasets is also more conceivable 
with new technology such as AI, as it offers potential to leverage new 
information and insights, which could transform patient information 
and improve patient care and outcomes [8]. The radiation therapist will 
therefore take a higher level role in evaluation and decision making. 

Research 

As experts in their field, radiation therapists are ideally suited to 
carry out research into their own practice and should be encouraged to 
participate in all research activities. Further encouragement to partici-
pate in research is needed as currently only 30–40 % of radiation ther-
apists are involved in all aspects of the research process [10]. Research 
participation barriers include a lack of research skills, knowledge and 
time constraints [10,11], lack of confidence in ability to identify 
research questions and carry out research to the level required, under-
staffed departments, and other role demands [2]. These challenges must 
be overcome so that radiation therapists develop the skills and knowl-
edge to be involved in and meaningfully contribute to high quality 
research and innovation. 

To facilitate this, research training programmes, ranging from un-
dergraduate to post-doctoral levels need to be developed and supported. 
Increasing the currently small proportion of doctorally-educated radia-
tion therapists should facilitate greater research leadership, radiation 
therapists functioning as independent principal investigators, and more 
meaningful collaborations with other scientists and clinicians [10,12]. 

Re-addressing staffing models and increasing the use of automation 
to improve workflow efficiency also offers opportunity to increase ra-
diation therapist participation in research. Increasing the involvement 
of radiation therapists in research and innovation can lead to advance-
ments that directly impact service delivery and outcomes for patients 
positively as well as providing the potential for radiation therapist-led 
clinical and academic projects [13,14]. Fostering industry partnerships 

Table 1 
Summary of potential applications of new technology in the radiation therapy 
workflow.  

RT stage/process Example 

Simulation and 
treatment planning 

Diagnostic image interpretation – radiomics 
Image acquisition, quality and registration 
Personalisation of patient setup, dose, fractionation, 
organ at risk (OAR) tolerances 
Automated target and OAR delineation Automated 
knowledge-based planning 
Prediction of dose, efficacy, toxicity and prognosis 

Quality assurance Identification of the correct patient and linking to 
ancillary equipment, collision potential 
Monitoring machine output and performance 
Detecting systematic and random errors 

Patient information and 
care 

Patient identification 
Assistance in the delivery of patient education and 
advice 
Toxicity surveillance and escalation 
Supporting delivery of clinical and psychosocial care to 
patients 

Patient monitoring Continuous monitoring of patient position, target 
location and physical and biological features 

Radiation therapy 
delivery 

Improved image acquisition 
Real-time monitoring of targets 
Online plan selection 
Online plan adaptation 
Online dose monitoring and accumulation  
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may assist radiation therapists to undertake research and offer benefits 
such as early user input to software development to improve end user 
acceptance. Some funding barriers may also be navigated though in-
dustry collaboration. 

Areas of research that would benefit from radiation therapist 
involvement include those in patient care, AI, automation, image guided 
and adaptive radiation therapy, person centred care and implementa-
tion science. 

Image guided radiation therapy (IGRT) and adaptive radiation 
therapy (ART) 

Radiation therapist-led conventional IGRT is standard practice in 
many regions, which is rapidly moving towards more complex scenarios 
such as stereotactic ablative radiation therapy (SABR) and adaptive 
radiation therapy (ART)[15,16]. The shifting radiation therapist role 
within IGRT/ART is underpinned by successful training and cre-
dentialing programs, where radiation therapists have taken on the re-
sponsibility for technical decision making. Precedence has been 
established initially for plan-of-the-day ART and now increasingly on-
line ART [17–20]. Autonomous radiation therapists have enabled much 
needed multi-centre clinical trials and enhanced radiation therapist 
decision making in IGRT and ART [21]. 

A common challenge for radiation therapists moving forward in ART 
is that the responsibility for clinical decision making is often legally with 
the radiation or clinical oncologist (RO/CO). Decisions are based on a 
variety of factors (e.g., treatment intent, dosimetric criteria, treatment 
timing, and patient performance status) [22–24]. Often radiation on-
cologists focus on knowledge transfer and decision support between 
themselves without inclusion of the radiation therapist [25–27]. For 
groups moving to online ART, having RO presence at the linear accel-
erator is unsustainable, and on-call RO support is ineffective. A strong 
functioning team is essential for continuity of care, team and patient 
communication skills with a radiation therapist led service playing a key 
role [28,29]. 

Given the shift towards online ART, it is envisioned radiation ther-
apists will work with even greater autonomy. The radiation therapist 
role may evolve to be more like that of other health and social care 
professions who are members of the care team but are responsible for 
filling the prescribed treatment, while the RO oversees and monitors its 
clinical outcome. To achieve this, the radiation therapist will need to 
move beyond a task shifting role, to a more consultive role, bringing 
what is currently considered as advanced practice functioning to the 
standard practice radiation therapy team. There are many examples of 
advanced practice radiation therapists demonstrating a high level of 
autonomy and expert skill in formulating clinical decisions and appro-
priate patient management [30–33]. They provide comprehensive sup-
portive care and toxicity management, streamline complex processes, 
reduce handovers and team interruptions, and improve continuity of 
care. To further enable this support it would be ideal if the radiation 
therapist in ART joined the multidisciplinary team that conducted the 
new patient consultation [34,35]. 

Given the increasing complexity of IGRT/ART, the radiation thera-
pist could perform an RT-consultation after the RO/CO medical 
consultation. Here patient-specific modality and strategies would be 
decided upon in collaboration with the care team (e.g., photon vs pro-
ton, CT or MR-guidance and motion management). There is an element 
of stewardship of resources as well, where radiation therapists would aid 
in the evidence based application of the most appropriate technology. 
Radiation therapists can improve patient understanding of technical 
processes, reducing high patient concerns with coordination of care by 
adapting education materials, and communication styles to patient- 
specific needs [36–38]. Patients require skilled and confident radia-
tion therapists, with whom they are familiar, in order to manage anxiety 
with complex treatments and unexpected situations. This is expected to 
become even more important with intensive IGRT/ART strategies [39]. 

We envisage that radiation therapists may have a role in driving 
adaptation based on clinical outcomes from patient reported outcomes 
(PROs), clinical response, functional imaging and new fractionations (e. 
g. PULSAR). ART will likely increasingly rely on biological changes over 
anatomic changes through the use of functional imaging [40]. Func-
tional changes can occur earlier than anatomic changes providing 
additional opportunity to intervene earlier in the treatment trajectory. 
For this reason, increasing adoption of multimodal imaging such as MRI 
is likely with frequent monitoring of volume, shape and biological 
characteristics and regularly adapting the treatment plan based on the 
observed treatment response [16]. Radiation therapist education that 
includes increasing knowledge and application of multimodal imaging 
and therapy, and advanced treatment planning will enable increasing 
radiation therapist assessment and analysis of clinical and radiological 
outcomes. 

A task shifting is also expected downstream from radiation therapists 
to AI to streamline workflow and enable adaptive strategies that are 
otherwise resource intensive. AI based automation will greatly expand 
the application of ART by further helping to reduce treatment times and 
further reduce the burden on RO/COs. All radiation therapists will 
require AI literacy to explain the application of AI in IGRT/ART to the 
patient in plain language and reassure patients on its safety and quality. 
Radiation therapists practice at the patient/technology interface and 
should not be removed from AI processes as they will have a role in their 
oversight and intervention [41,42]. 

Radiation therapists, as end-users of IGRT and ART technologies, 
need to be meaningfully engaged early in the research and development 
(R&D) process. There are numerous opportunities for radiation thera-
pists to lead and contribute to IGRT/ART R&D. IGRT is widely adopted 
by radiation therapists, and naturally this can be extended to multi- 
modal imaging and therapy, AI-assisted workflows, radiation therapist 
training and education and patient outcomes. 

Clinical decision making 

Clinical decision making is: 

“a balance of known best practice (the evidence, the research), 
awareness of the current situation and environment, and knowledge 
of the patient. It is about ’joining the dots’ to make an informed 
decision” [43]. 

Clinical decision making is a consistent presence along the radiation 
therapy pathway, with treatment approaches being evidence based and 
the provision of appropriate patient care reliant on radiation therapist 
awareness of the current situation for that patient at that point in the 
treatment pathway. 

With increased implementation of innovative technology into the RT 
pathway, the question as to who will make the clinical decisions is 
frequently posed. We believe that this is an opportunity for radiation 
therapists to embrace new roles through the lens of innovative tech-
nology with routine tasks shifting to AI based systems, all the time under 
the control and judgement of the radiation therapist. They are also 
ideally positioned to lead technology implementation and use, safely 
and effectively in clinical practice. 

With radiation oncology referrals increasing exponentially since the 
Covid-19 pandemic has ended and the increased use of hypofractionated 
regimes, efficiency in clinical decision making in a busy fast paced 
clinical environment is key [44,45]. Innovative technology can become 
another part of the established multidisciplinary team. Radiation ther-
apists already have the technical expertise to make confident clinical 
decisions in the treatment they deliver as AI based contouring, plan 
optimisation, gating and auto-matching systems are already in routine 
practice. A clear infrastructure will support radiation therapists in their 
decisions within the boundary of standardised practice, but autonomous 
clinical decision making will be essential. 

To maximise the implementation of new technologies and 
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techniques on the linear accelerator, pre-treatment preparation such as 
positioning, immobilisation and scan acquisitions must be robust and 
optimal. New technology means advances in CT acquisition and the 
increased implementation of MRI and PET-CT imaging, as well as 
functional imaging. Radiation therapists must have sufficient clinical 
decision making skills to decide which scans are indicated for each 
treatment site, being cognisant of the planning aims for a specific pa-
tient. The use of post-processing functions also provide opportunities to 
create additional datasets for treatment planning which may benefit the 
planning process. 

Within the multidisciplinary team, radiation therapists are in the 
unique position of having daily contact with their patients. As a constant 
part of the treatment journey, radiation therapists build trusting re-
lationships with patients and can be considered the ‘gatekeeper of pa-
tient care’, in the exclusive position to identify changes in behaviour, 
clinical status and general wellbeing of patients [46]. Patient manage-
ment is already within the current radiation therapist scope of practice 
[47] with referral pathways for psychosocial or specialised interventions 
available when required. Innovation in radiation oncology information 
systems and electronic medical records provide up-to-date patient re-
cords while apps and wearables have been shown to empower patients 
to participate in their own care [48]. 

In an environment which increasingly embraces technology, the 
overall care of the patient must still be the focus. Technology (AI 
included) should be regarded as another member of the team facilitating 
increased face-to-face interaction between radiation therapists and 
patients. 

Conclusion 

This practice development paper, authored by radiation therapists 
globally, puts forward an international consensus on the likely pro-
gression of our profession in the context of new and emerging 
technologies. 

Radiation therapists are well equipped to appreciate the potential 
and limitations of new technologies from a practical perspective and are 
ideally positioned to lead implementation and use technology safely and 
effectively in clinical practice. Competencies related to the technical 
application of radiotherapy, alongside patient evaluation and care, must 
be embedded in radiation therapists core knowledge and skills and 
should form the basis of all radiation therapist education programmes. 
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