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ABSTRACT

For many cancer patients, radiation therapy forms an important part of their treatment. Radiation therapy
is a highly technical discipline with new techniques and technologies being introduced frequently, aiming
to improve patient outcomes and increase efficiency. The timing of the implementation of new technologies
and techniques is highly variable across radiation therapy centres and can be delayed due to concerns related
to safety and quality. The purpose of the work described in this thesis was to identify barriers to rapid
uptake of new techniques and technologies, and explore solutions to enable equitable access for all patients
to receive advanced treatment approaches. The overarching hypothesis for the work contained in this thesis:
Barriers to the safe, high-quality and timely implementation of new technologies and techniques into New
South Wales (NSW) radiation oncology centres can be identified and minimised using targeted

interventions.

The initial work in this thesis assesses the implementation of a new technique into radiation therapy centres
in NSW, identifying potential barriers and areas for improvement. The thesis continues with two group
projects aimed at improving the implementation of technological advancements into radiation therapy
through collaboration. Both projects facilitated knowledge-sharing and evaluated the success of each
methodology. The studies in the later chapters of the thesis were specifically designed to assist the
implementation of new techniques and technologies into radiation therapy centres by addressing the

barriers and areas for improvement identified in the eatlier work.

The first two peer-reviewed manuscripts included in this thesis investigate the timing and quality of the
implementation of stereotactic ablative body radiation therapy (SABR) into New South Wales radiation
therapy centres. These works show that the implementation of SABR was delayed in some centres relative

to other centres and that some quality indicators were not met at many of the centres in NSW.

The topics of the third and fourth published manuscripts investigated the benefit of forming collaborative
groups to improve the timeliness and quality of the implementation of new techniques. The first paper
focussed on knowledge-based planning and the second on motion management techniques. The work in
these papers demonstrated that collaboration can improve knowledge-sharing, but that direct sharing of

resources may be limited by a lack of standardization between centres.

Chapters 7, 8 and 9 describe three projects instigated to address batriers to the high-quality and safe
implementation of new techniques and technologies which were identified in the earlier chapters. The first
of these projects introduces a new peer-to-peer training program which has increased the use of prospective
risk assessment processes during the implementation phase of a new technique, and increased knowledge
about risk assessments within the NSW radiation therapy community. The second project introduces an
innovative sharing platform which encourages collaboration and creates efficiencies by providing the
radiation therapy community with access to documents, scripts, presentations and information from

radiation therapy departments around Australasia.



The third targeted project used an existing research framework to introduce automated, consistent auditing
against quality standards across multiple hospitals, creating a template for future audits and self-assessments.
This innovation has the potential to change practice, and from this, improve patient outcomes. Automated
auditing will allow fast and flexible audits with reduced manual labour, and the correlation of audit results
with patient outcomes. This new method of auditing will change and complement current auditing

practices.

In summary, this thesis demonstrates that barriers to the timely, safe and high-quality implementation of
new techniques and technologies can be addressed using well-planned, targeted and collaborative strategies,
ensuring equitable access for NSW patients. The work in this thesis provides a template for future
collaborative and automated projects, particulatly for those focussing on the implementation of technology-

based innovations into radiation therapy, in and beyond NSW.
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CHAPTER 1

Introduction

1. BACKGROUND

According to the World Health Organization, cancer is the leading cause of death worldwide, accounting
for nearly one in every 6 deaths and totally 10 million deaths in 2020 (1). Every year in Australia, over
160,000 people are diagnosed with cancer, and over 460,000 people are living with cancer (2). In New South

Wales, this equates to 1 in every 2 people being diagnosed with cancer by the time they are 85 years old (3).

The good news is that many cancers can be cured if detected eatly and treated effectively (1) and 5-year
cancer survival rates have increased over time (4) . While much of this improvement can be attributed to
reductions in smoking rates and improved detection, modern cancer treatments have also contributed with

the overall survival following radiation therapy improving over time (5, 6).

Radiation therapy uses ionizing radiation to kill cancer cells and would be of benefit to 48% of cancer
patients at sometime during their cancer journey (7). Radiation therapy is one of the most technologically
driven disciplines in medicine (8) and the improvements seen in local control, survival and toxicity can be
attributed to technological advancements and the changes in treatment techniques that these advancements
allow (8-11). It is therefore important to ensure these improvements are implemented in a timely manner

and are available to all patients.

However, the introduction of new technology is not without risk. In a review of all major radiation therapy
incidents that lead to patient injury or death, the Internation Atomic Energy Agency found that 45% these
incidents were due to errors that occurred during the introduction of new systems and/or equipment (12).
Given the significant impact of these errors, the challenge is then to introduce technological improvements

both safely and quickly, ensuring high quality treatments are available to all patients.

The work in this thesis aims to identify barriers which prevent new radiation therapy techniques and
technologies being available to all patients in a high-quality, safe and timely manner, and, where possible,
reduce or remove the identified barriers. Previous studies have identified barriers to quality radiation therapy
care (13), radiation therapy utilisation (14) or the implementation of particular new technologies or
techniques (15, 16), but no information is available specifically on the barriers to the implementation of
high-quality new technologies and techniques. The work in this thesis aims to fill that knowledge gap and
looks at methods to address these barriers and improve access to new high-quality radiation therapy

techniques specifically in the New South Wales context.
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1.1 HYPOTHESIS AND AIMS

The central hypothesis of this thesis is that:

Barriers to the safe, high-quality and timely implementation of new technologies and techniques into NSW

radiation oncology centres can be identified and minimised using targeted interventions.

This hypothesis is then addressed within the thesis by looking at a number of research questions.
Research Questions

1. Where in NSW is stereotactic ablative body radiation therapy (SABR) available and when did it

become available? Was this technique available to all patients in a timely manner?

SABR is a hypofractionated, radiation therapy treatment technique which utilises advanced imaging
techniques. To address this question, Chapter 3 presents the results of a state-wide survey looking at the
implementation of SABR including the timeline for implementation and the treatment sites for which SABR
was implemented. This work provides information on the timeliness of the implementation of this new

technique.

2. Has the implementation of SABR across NSW been in accordance with the RANZCR published
recommendations?
a. If not, in what areas are the recommendations not being met and what are the barriers to

this? What can be done to address these batriets?

In Chapter 4, in-person site visits and interviews were completed to radiation therapy centres around NSW
to assess the level of compliance with The Royal Australian and New Zealand College of Radiologists
(RANZCR) SABR recommendations (17) and the barriers which existed to compliance with these
recommendations. This work addressed research question 2, assessed the quality of the implementation

and identified barriers and potential mitigation strategies utilized later in this work.

3. Can knowledge-based planning models, created using the Varian RapidPlan software, be

successfully shared between centres?

Research question 3 is addressed in Chapter 5, which looks at the implementation of new technology, and
specifically, whether this type of collaborative effort could improve the implementation of RapidPlan.
RapidPlan is a specific implementation of knowledge-based planning, where information from previous
patient plans is used to optimise future patient plans. This work looks at whether a prostate knowledge-
based planning model developed at one centre would satisfy the requirements of another centre, identifying

barriers and the potential for collaboration to improve implementation.
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4. What is the current usage of radiation therapy motion management in Australia and New Zealand
and what benefits can be gained by running a workshop focused on motion management

techniques?

The findings of a workshop focused on motion management are presented in Chapter 6, addressing
research question 4. This chapter presents the current practice and anticipated future directions of motion
management in Australia and New Zealand and discussed how the workshop facilitated knowledge-sharing
through the workshop presentations and discussion. This chapter considers the use of workshops as a

means for collaboration to overcome barriers to implementation of new technologies.

5. Can focused risk assessment training increase the use of prospective risk assessment for new

technologies and techniques in NSW radiation oncology centres?

Chapter 7 describes the implementation of a new prospective risk assessment training program, designed
to address barriers to safety identified earlier in the thesis. This work addresses research question 5 looking

for changes in practice amongst participants following the training program.

6. Will the facilitation of file sharing between NSW (and Australasian) radiation oncology centres be

utilized and useful? What barriers are preventing this?

Research question 6 is addressed in Chapter 8, which describes a new and innovative resource-sharing
initiative. This work is ongoing but aims to ensure all centres can offer the most up-to-date treatment
techniques more quickly by sharing resources. This work aims to address barriers to timely implementation
identified in eatlier chapters through collaboration while also identifying barriers to this style of

collaboration.

7. Can the Australian Data Cancer Network (ACDN) (18, 19) research framework be used to simplify

the auditing of patient treatments against published standards, such as eviQQ (20)?

The final research question is addressed in Chapter 9. This chapter demonstrates how an established
research network can be used to perform an audit of practice against recommendations over a number of
centres, providing quantitative data and a template for similar future work. This work looks to address

barriers to quality identified earlier in the thesis.

The framework and background for this thesis are established in Chapters 1 and 2. The broad themes and

implications of the thesis, future work and conclusions are contained in Chapter 10.

Section 1.2 of this thesis provides a graphical representation of the thesis flow.
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1.2 THESIS ORGANIZATION

Figure 1: Thesis organisation diagram
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CHAPTER 2

Literature review

This work looks to improve the implementation of new techniques and technologies in radiation oncology.
This improvement could focus on quality, safety, availability (in general or of new innovations),
appropriateness or efficiency. As described in the introduction, the work in this thesis focuses on both
quality, which can encompass safety, and availability of new techniques and technologies. These topics are

explored below.

2.1 QUALITY IN RADIATION ONCOLOGY

2.1.1 Quality in Health Care

The term quality is itself not simple to define with the assessment of quality dependent on the comparators
used. This holds true for quality in health care where perceived quality may change as the goals and values
of the health care system change. It is important, therefore, to find standardised methods of assessing
quality in health care in order to measure improvement. The seminal work by Donabedian in 1966 (21)

discussed three categories of quality assessment methods; outcomes, the process of care and structure.

More recently, the Institute of Medicine (USA) published a report and recommendations (22) aiming to
improve the quality of health care in the USA. They state that health care should be safe, effective, patient-
centred, timely, efficient and equitable. They believe that these aims cannot be achieved by simply working
harder but require changes to the systems of care. Technology is listed in this report as both a reason for

the current inadequacy of care and a potential solution.

2.1.2 Quality in Radiation Oncology

While the broad definitions of quality in health care are valid for radiation oncology, establishing quality
indicators for radiation oncology can be more difficult as unique challenges exist when compared to other
parts of the health care system. Outcomes are often used in health care as a quality indicator. However,
oncological outcomes can be long term in nature (23), with positive and negative outcomes of treatment
manifesting many years later. In many cases, treatments and technology may have progressed and changed
before long-term outcomes can be assessed. Measuring outcomes over an extended period can be difficult,
and long-term outcomes are not routinely assessed outside of prospective clinical trials or registries. Instead,
quality indicators which have been shown to correlate with patient outcomes, and can therefore be used as

a surrogate, may be used to assess quality in radiation oncology.
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Establishing quality indicators looking at the process of cate is also challenging in radiation oncology as

technology and treatment changes result in established quality indicators becoming obsolete.

Two eatly attempts to create quality indicators in radiation therapy were published in 2007. Cionini et al
(24) published a set of 13 quality indicators including structural indicators such as workload, process
indicators (such as wait times) and outcome indicators (such as patient feedback). Also in 2007, the IAEA
published a document describing the quality indicators contained in its quality audit (25). This report is
more detailed than previously published works, with checklists of specific assessment items covering
structural and process type indicators as well as training. While many of these quality indicators in these
reports would still be relevant today, both reports contain items which would now be considered outdated
in modern radiation therapy such as the proportion of plans using CT-based planning, or the location of

film viewing boxes.

Table 1: Examples of quality indicators use in radiation therapy

Broad category Topics Example Quality Indicator | Standard (where given) | Ref.
Structure/ Personnel/staff | Number of  Radiation | 250-300 (24)
Infrastructure/ Oncologists patients/year/worker
Facility Management Professional qualifications (25)
Premise/Facility | Physical infrastructure (26)
supports safe practice
Process/ Policies and | Patients consent to | Documented consent | (20)
Patient & Equipment procedures treatment polices
related procedures/ Identification of patients Appropriate system in | (25)
Treatment planning place
and delivery Technical Calibration of all treatment | Records of traceable | (26)
aspects units calibrations
Outcomes/ Disease-specific | Proportion of patients with (27)
Safety and Quality outcomes grade 2 radiodermatitis
management Safety, quality | “Blame-free” safety | In place (28)
and reporting process
improvement
processes

Following these publications, a number of groups have attempted to collate both general and treatment-
site specific quality indicators (29-31), often expanding on the three Donabedian categories. Chiew et al.
(29) created a conceptual framework based on their expansion into 10 subcategories. Donaldson et al. (30)

also divided the 3 Donebedian categories but into 12 subcategories, in this case by dividing each category
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into 4 additional subcategories: patients, staff, equipment or clinical process. Examples of quality indicators

are given in Table 1.

Several countries have published standards containing quality indicators (27, 28), including Australia and
New Zealand (32). The Australian and New Zealand Radiation Oncology Practice Standards (32) were first
published in 2011 with standards grouped under three headings; facility management, treatment planning
and delivery, and safety and quality management. These standards require that patients receive timely,
patient-centred and equitable care. The standards address safety by requiring risk management processes,
incident reporting, radiation safety planning and qualified staff. These standards also include requirements
for documentation and recording, specifying the protocols which should be in place and the information
which must be recorded for each patient’s treatment. Requirements for treatment accuracy are articulated
with requirements for dosimetric intercomparisons, accurate dose calculation and geometric accuracy
checks. The standards address the management of radiation oncology centres, covering workforce issues

and future planning, and the need for treatments to be evidence-based.

Updated versions of this document were published in 2017 and 2022 (206, 33) to reflect the change in service
delivery during this time. The main changes from the 2011 to the 2022 version were the requirement for a
dosimetry intercomparison for new equipment, an appendix covering the requirements for dosimetry
audits, reference to the safe use of artificial intelligence, the inclusion of the Cancer Care Nurses Society of
Australia and references to nursing practice principles, additional requirements regarding minority groups,
the introduction of telehealth principles and references to other guidelines for complex treatments such as

SABR and additional requirements for SABR and SRS treatments.

The pace of practice change is one of the challenges in creating and using practice standards, necessitating
frequent updates to guidelines (23, 34). As previously mentioned, radiation oncology outcomes can be
difficult to use as indicators because of the changes in practice that may occur in the interval between
treatment and outcome reporting. In addition, outcomes may be dependent on non-radiation therapy
interventions or other patient specific factors (23). Salma et al. (34) also note that creating universal quality
indicators can be difficult due to the geographic, socioeconomic and cultural context of the patient

population.

The demonstration of quality against these published indicators can be seen as a burden on radiation therapy
departments (35) if additional support is not provided. This can be an issue for collecting quality indicators
across a number of centres and past attempts in Australia have only had limited participation (36).
Electronic collection has been suggested as a less labour-intensive method of quality indicator data
collection but has not been found to be feasible currently (37) due to variability in practice and a lack of
data harmonization (35, 36). Potentially for these reasons, there are currently few publications on the use

of quality indicators and their impact on the quality of care (37).
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2.1.3 Auditing in Radiation Oncology
Auditing in healthcare is part of quality improvement and involves measuring clinical outcomes or processes
against standards. As mentioned above, in radiation oncology, many clinical outcomes take a long time to

measure and can be complicated by other factors, thus many audits focus on structures and processes (38).

Trial credentialling is similarly part of a quality process but rather than aiming to ensure high quality
treatments for all or a subset of patients, trial credentialing aims to ensure the credibility of trial results.
Trial quality assurance programs ensure patients are treated in a technically optimal manner and aim to
minimize deviations from the trial protocol (39-41). The testing involved in trial credentialing can act as a
review of treatment processes, provide feedback on potential improvements, and lead to improved

treatments for non-trial, as well as trial, patients (39).

Both auditing and credentialling can provide feedback to radiation oncology centres and highlight areas of
potential improvement. Unfortunately, these processes can also be time consuming and difficult to access.
The administrative burden of trial participation can limit the number of trials a centre can participate in,
and only a limited number of centres may be selected to participate in a trial. External audits require time
and use of external auditors may add to the cost (42). The IAEA QUATRO audit program provides external
auditors and audits centres on request. However, in a ten-year period, this program audited just 89
radiotherapy centres across the world, none of which were from Australasia (13). In addition, audits rely on

standards being updated and relevant, which can be a challenge in a fast-moving, technology-based area.

Radiation Oncology specific accreditation through a process audit is not mandated in Australia. General
practice standards have been published (26) and can be used for self-auditing, and in some jurisdictions
conformity with the guidelines is required. However, there are no direct government incentives or

requirements for the external auditing of radiation oncology centres against these standards.

In contrast, level 1 dosimetric audits are required in order to receive specific types of government funding
(43). The Australian Clinical Dosimetry Service (ACDS) is the longest serving national provider of a
comprehensive dosimetry service which was officially launched in 2011. The service provides Level 1, 2
and 3 audits with level 3 (end-to-end testing) for advanced techniques such as SABR and motion
management. Whilst Level 3 audits provide a comprehensive end-to-end test for dosimetric accuracy, there
remain potential areas of treatment delivery quality, such as a comprehensive document management

process, that remain un-assessed.

For a radiation therapy centre wishing to be audited prior to or during the introduction of new techniques
or technologies into the clinic, there are limited options available. Trial credentialling is an option but this
would require an appropriate trial, maybe limited in scope and requires additional resources. As mentioned,
the ACDS provides dosimetry audits for a number of complex techniques but are restricted to auditing the

dosimetric accuracy and require time to develop comprehensive dosimetric audits to cover new treatment
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techniques. Further options are needed to help ensure quality and safety are maintained when introducing

a new technique or technology.

Internal or self-auditing could provide a low-cost method to systematically assess quality and safety. The
AAPM Safety Profile Assessment Tool (44) is an example of a self-auditing tool and publications have
demonstrated the roll of self-auditing in departmental audits (45), patient reviews (46) and process audits
(47). Electronic auditing could also play a role, as this reduces the administrative burden on radiation

oncology centres and could provide a more agile solution.

22 NEW TECHNOLOGY AND TECHNIQUES IN RADIATION ONCOLOGY

2.2.1 The Pace of Change in Radiation Oncology

Radiation Oncology is one of the most technologically-driven medical specialties (8). Modern radiation
therapy uses highly sophisticated engineering, computing, physics and mathematics to ensute the accurate
delivery of radiation to tumours while avoiding healthy tissue. Over the past three decades, advancements

in technology have been integrated into radiation therapy leading to dramatic technology-driven changes

(8-10, 48).

Advances in computing have allowed radiation therapy planning to move from simple manual calculations
to modern planning including advanced radiation dose modelling, computerized dose optimization and
customization, and registration of functional images. Advances in engineering have resulted in multi-leaf
collimators (MLC) and robotic and helical linear accelerators, with the ability to tailor radiation dose
distributions. Advances in imaging technology have led to image guided radiation therapy and adaptive
radiation therapy, further sparing normal tissue and allowing dose escalation. Further advances such as

radiomics, particle therapy and FLASH radiation therapy can be expected in the future.

These technological improvements have been shown for some patients to reduce the unwanted side effects
of radiation and improve overall survival. Patients previously considered incurable can now be offered
radiation therapy, aiming to provide long-term disease control and potential cure (8, 10). For other patients,

technological improvements allow for more durable symptom control and improved quality of life (8).

It is worth restating the information discussed in the paragraph above in a different way. If patients who
have access to this new technology and the resulting new treatment techniques are benefiting, then the
patients who do not have access potentially have worse health outcomes. The timeliness of implementation
of technology is therefore vital as delays may result in inequity within the health system and worse outcomes

for some patients.
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2.2.2 Technology-based Improvements in Radiation Oncology and their Availability

The 1990’s saw a period of significant technological improvement in radiation therapy. The broader
implementation of computed tomography (CT) and three-dimensional (3D) planning allowed the
visualisation of internal anatomy, personalisation of treatment plans and sparing of organs-at-risk (OARs)
in ways that were not possible with two-dimensional (2D) planning. Despite the advantages of 3D planning,

2D planning was still in use well into the 2000’s, particularly for palliative cases (49).

Another innovation which became available in the 1990’s was the multi-leaf collimator (MLC) (50-52). An
MLC is a beam-limiting device consisting of a number of thin, high-density blocks or leaves, which can be
used to shape the radiation beam to the target, avoiding unnecessary irradiation of normal tissues. While
some eatly MLCs could be added onto existing linear accelerators (53), MLCs became more common in

radiation therapy as older linear accelerators were replaced with newer MLC-equipped models (54-58).

The introduction of MLCs and improved computing power lead to one of the most significant
technological improvements in radiation therapy, intensity modulated radiation therapy IMRT). IMRT is
a treatment technique where the intensity of the radiation fluence from the linear accelerator is modulated
using MLCs. By delivering the radiation dose in a number of small beams, it conforms to the target, avoiding
the organs-at-risk (OARs) in a way which is not achievable with three-dimensional conformal radiation
therapy BDCRT) (9). Concurrent with and integral to the introduction of IMRT was the introduction of
inverse planning. Inverse planning involves giving the treatment planning system a set of goals for the
patient treatment and allowing an algorithm to provide a treatment plan, including ML.C positions, which

will best meet these goals (59). The term IMRT now implicitly incorporates inverse planning.

The introduction of IMRT had the dual impact of reducing radiation-induced side-effects and,
consequently, allowing dose escalation aimed at increasing tumour control and survival. An example of the
reduction of side-effects is seen in head and neck radiation therapy. Xerostomia, a long-term side effect of
head and neck radiation therapy, has been shown to be reduced in patients treated with IMRT (10). In the
treatment of prostate cancer, the proximity of the rectum and bladder limited the dose that could safely be
delivered to the prostate with 3DCRT. However, the reduced doses to these organs achievable with IMRT
allowed for dose escalation. By escalating the dose to the prostate, higher tumour control rates could be

achieved (60-62).

Despite the growing evidence and recommendations for the use of IMRT, the implementation of IMRT
was delayed in some centres and for some patients compared to others. The first ‘Tlarge-scale’
implementation of IMRT was published in 1997 (63) but wide-spread use came later. In Canada, IMRT
was introduced by 2001 but, six years later, in 2007, IMRT was only available at 50% of radiation therapy
centres (64). In Germany, 96 patients were treated with IMRT in 2002 increasing to 44% of all patients 12
years later (in 2014, (506)). The percentage of centres offering IMRT can also be deceptive. By 2010, 76%
of centres in the UK were offering IMRT but only 2% of patients were being treated with this technique

(65).
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In Australia, 37% of patients were treated with IMRT by 2013 (66). This value is compated to published
data from around this time in Table 2, where a variation in IMRT use rates can be seen between regions.
This variation is also seen between Australian states with 56% of patients in NSW and only 15% of patients
in Tasmania receiving IMRT. Within NSW, differences existed in the use of IMRT between radiation
therapy centres with a study in 2017 reporting that some centres only treated 18% of patients with IMRT,

compared to other metropolitan centres treated 71% of patients with IMRT (67).

Table 2: Percentage of patients treated with IMRT

Country/Region | Date Range Total Percent Ref.
UK 2012 15.3% (65)
Germany 2014 44% (56)
USA 2010 54% (68)
Michigan 2012 23-96% (Centres) 42% (State Median of Treatments) (69)
Australia 2013 15-56% (States) 37% (60)
NSW 2017 18-71% (Centres) 56% (67)

Table 2 shows the percentage of patients treated with IMRT in first world countries for comparison to the
published Australian data from 2013 and NSW data from 2017. Australia, in 2013, was treating fewer
patients with IMRT than the USA in 2010 or Germany in 2014 by 17% and 7% respectively. Differences
in IMRT utilisation are also seen between Australian states (41% in the 2013 Australian data (60)) and

between regional and metropolitan centres in NSW (53% in the 2017 NSW data) (67).

The variation in IMRT adoption in Ontario prompted a study which identified key factors influencing
IMRT implementation (70). Their study found that resistance to change and the desire for clinical trials
evidence delayed implementation, whereas strong leadership and collaboration, both informal and through

workshops, led to faster adoption of IMRT.

Concurrent to the implementation of IMRT, the technology required for image guided radiation therapy
(IGRT) was being introduced. The first evolution in treatment verification imaging occurred in the late
1980’s with the introduction of electronic portal imaging devices (EPIDs) (71, 72). EPIDs are imaging
devices mounted on a linear accelerator to produce an image of the patient using a megavoltage linear
accelerator beam. Until this point, radiographic films were used to assess the accuracy of the patient’s
positioning after the patient’s treatment. The introduction of the EPID made real-time imaging and position
verification available for the first time in radiation therapy. By the early 1990’s, small studies using EPIDs

to perform “online imaging” were published (73-75).

While EPIDs are still used today, their use was limited by the poor image quality achievable using

megavoltage beams. By the mid-1990’s, the next technological improvement in IGRT, the kilovoltage (kV)
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on-board imaging system (OBI), had been built and was being tested (76). Comprising of an imaging panel
and kV x-ray source mounted on the linear accelerator gantry, this new imaging system produced better
quality images but also allowed for soft tissue visualization by creating a cone-beam computed tomographic
image (77). Routine use of OBI systems began in 2003 on Elekta linear accelerators (78) and 2004 for

Varian linear accelerators (79).

With the introduction of the EPID and OBI, daily imaging became available with the potential to reduce
field misalignment, thereby reducing unnecessary dose to OARs and treatments that missed or partially
missed the target. Like the introduction of IMRT, the use of online imaging became more common as linear

accelerators equipped with EPIDs and OBIs were installed.

By 2009, more than 80% of radiation oncologists in the USA reported prescribing kV-based IGRT (80)
and approximately 50% of centres in Australia and in the UK had kV-based IGRT available (65, 81). Not
all patients were benefiting from this technology though, with IGRT being used for a only a subset of
patients with most patients in the USA not treated using IGRT (80). Many of the benefits of IGRT come
from performing online corrections on a daily basis (82, 83). These two changes in practice (daily imaging
and online correction) have been gradually implemented into use across tumour sites. Despite the benefits,
recent publications show that some patients are still treated without daily, online imaging (49, 82, 84, 85).
Breast patients were some of the last to benefit from daily, online imaging. More than ten years after the
first implementation of OBI systems, centres in the USA, Canada and New Zealand were still using offline

image guidance and imaging less often than daily (49, 82, 86).

As daily imaging became more common, the movement of targets and OARs during treatment became
more apparent and a potential area for improvement. A range of techniques aimed at accounting for or
minimizing tumour and OAR movement began to be introduced using the collective term motion
management. The described motion may be due to respiratory, digestive, cardiac or other physiological
motion (87). The techniques used in motion management may include x-ray imaging, MR imaging on MR-
equipped linear accelerators, ultrasound imaging, surface imaging, physical interventions to reduce motion
such as compression, tracking implanted markers, patient coaching, monitoring of the patient’s breathing
or planning techniques which account for the expected movement (87-95). In 2006, the AAPM
recommended that motion of the tumour be measured and managed for each patient (87), and provoking
further interest in motion management locally. By 2020, motion management was in use at nearly all
Australasian radiation therapy centres (96) with two approaches, internal target volumes (ITV) and breath-

hold gating being used most commonly.

These advances in IGRT and motion management allowed for a significant change in the treatment of
certain cancers through the use of stereotactic ablative body radiotherapy. Stereotactic Ablative Radiation
Therapy (SABR) (also known as Stereotactic Body Radiation Therapy (SBRT)) describes a highly conformal
treatment delivered in a small number of high-dose fractions using specialized image guidance. In the mid-

1990’s, the Karolinska hospital in Sweden demonstrated that high local control could be achieved by
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delivering high hypofractionated doses for patients with liver, lung and retroperitoneal tumours (97). This
work was followed by several studies looking at hypofractionation for small, non-small cell lung tumours
(98-100) with SABR becoming the standard of cate for a subset of lung patients by 2017 (101). Since then,
SABR usage has expanded to treat a larger range of patients. The use of SABR for lung tumours has
expanded to treat more central tumours (102) and oligo-progressive disease (103, 104), and is supported by
a greater body of evidence (105, 106). For liver SABR, the publication of results from phase 1 and 2 trials
(107-112) has now been followed by phase 3 trial evidence showing improved progression free survival
with liver SABR compared to alternative treatments (113, 114). Encouraging 5-year results (115) from
prostate SABR trials have led to larger phase 1II trials (116). Large trials looking at SABR treatments for
abdominal sites are continuing (117, 118) with good results from smaller studies (119, 120). The use of
SABR has also expanded with initial studies looking at breast SABR (121) and cardiac SABR to treat
ventricular tachycardia (122, 123).

As more evidence became available showing the benefits of SABR, the uneven implementation and
availability of SABR within and between countries has become important. Patterns of practice surveys from
the UK and Canada were published in 2014 (124, 125) discussing the challenges in implementing SABR
and the low number of centres where SABR was available (23% and 34% respectively). Lund et al (124)
highlight that, in a sparsely populated country, accessibility to such treatments is even more difficult. While
later surveys show that the number of centres offering SABR is increasing (126), both local and international

studies show variabilities in practice between centres (96, 127, 128).

Knowledge-based planning (KBP) is a recent technological innovation, which has the potential to ensure
more consistent and higher quality radiation therapy plans. KBP uses machine learning to predict the
achievable dose values for organs-at-risk based on previous radiation therapy plans. This technology has
been introduced into existing planning systems with the Varian RapidPlan system an example of this (129).

KBP has been shown to improve the quality of radiation therapy plans (130-132).

Many of the technology-based improvements described in this chapter have been shown to lead to
increased survival and decreased toxicity for patients. However, the implementation of these improvements
has at times been uneven, leading to inequity in access (8, 125, 133, 134). In addition, poor implementation
of new technology can result in adverse outcomes for patients (135). It is therefore important to ensure

timeliness and quality when implementing technological advances into radiation therapy.

Risk management tools are specifically designed to ensure safety and can be used in radiation therapy (130).
Tools such as failure mode and effects analysis (FMEA), system theoretic process analysis (STPA) and the
risk and benefit balance impact template (RABBIT) have been using in radiation therapy, particularly in the
implementation of new techniques and technologies (137-140). Such instruments are likely to play an

important role in ensure quality and safety for future treatment advances.
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2.3 THE AUSTRALIAN AND NEW SOUTH WELSH CONTEXT

The Australian health system has been consistently found to be one of the best in the wotld in terms of
quality and cost efficiency (141, 142). However, the Australian health system does face significant challenges
for example the cost of new technology, unaddressed quality and safety concerns and the delivery of health

services to regional and rural areas (143).

Health care services in Australia are provided by a mix of both public and private providers with funding
coming from a range of sources including the Federal government, state governments and private health
insurance providers (144). Public health services within individual states are often provided through
independent authorities which are responsible for the provision of public hospital services within a

geographic area, such as the 15 local health districts operating within NSW (145).

Radiation therapy services are provided by both public and private providers in NSW (146, 147), with both
receiving public funding to provide this service (148). All NSW local health districts have at least one
radiation therapy provider with some having only one public or private provider and other metropolitan

districts containing up to five providers (146).

The challenges in providing health services to rural and regional parts of Australia and NSW stem from the
low human population density in Australia and NSW, with NSW having a population density of below 20
people per square kilometre but inconsistently spread, with areas of Western NSW having a population of
less than 1 person per square kilometre (149). This population spread is patticularly challenging for the
provision of radiation therapy where patients may have to attend many times to complete a course of
treatment (150). Several studies have shown that patients are less likely to receive radiation therapy with
increasing distance from a radiation therapy centre (151-153) potentially compromising the local control
and overall survival of hundreds of people in NSW every year (154), and that the provision of local radiation
therapy services can increase the use of radiation therapy in rural areas (155). In addition to distance, a

lower socio-economic status may also be associated with a lower utilisation of radiation therapy services

within NSW (153, 154).

While these studies relate to the general availability of radiation therapy, the availability of new technologies
and techniques should also be considered. Section 2.2.2 outlines both the improvements in patient
outcomes which can result from technological improvements and the uneven implementation of these
improvements between regions and centres. In NSW, the Cancer Institute of NSW (146) reports that
complex treatments such as stereotactic techniques are only available at some centres, while the proportion
of patients receiving IMRT is also uneven. In less densely populated areas, it is not always practical to refer
a patient to another centre where a more advanced treatment may be available. The results of uneven

implementation of advanced techniques are, therefore, likely to have a larger impact compared with more-
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densely populated regions. This thesis focuses on the implementation of new techniques and technologies

in NSW, a state with widely varying population densities, where uneven implementation may be impactful.

2.4 SUMMARY

Quality and safety in the provision of radiation therapy are essential. Due to the challenges associated with
quantifying quality in radiation therapy, quality indicators and standards are often used as tools to assess
quality. However, radiation therapy is a quickly evolving field, heavily reliant on technology. As a result,
quality indicators can become outdated and other methods, such as prospective risk assessments may be
required to ensure safety for new technologies. Audits or assessments against quality standards can also be
burdensome for radiation therapy centres, with electronic data collection and self-auditing providing

potential solutions.

New technologies, and the techniques they enable, can provide better treatment for patients with the
potential for reduced toxicity and increased survival (156, 157). Unfortunately, the implementation of new
technologies has been shown to be uneven, both internationally and locally, meaning that some patients are
not able to benefit from these advances. Additionally, the inappropriate or unsafe implementation of new

technologies could result in harm to patients.

The work in this thesis looks to assess the quality and timeliness of new radiation therapy technologies in
NSW. Further, it seeks to identify barriers to the high-quality implementation of new technologies and
techniques into NSW and attempts to reduce or remove such barriers, improving the safety and availability

of high-quality radiation therapy for all patients within NSW.
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CHAPTER 3

The Implementation of Stereotactic Ablative Body Radiotherapy into New South Wales

3.1 PREAMBLE

Equity within a health care system describes a situation where everyone has fair and just access to the
highest-level of health care within the boundaries of that system. This could be within the whole of
Australia, or within a given state etc. When clinical evidence shows that a new technique has better health
outcomes, this technique should be available to all patients. Delays in the implementation of this technique

could result in health inequities.

Stereotactic Ablative Radiation Therapy (SABR) was, and for some centres still is, considered a new and
complicated technique, requiring careful implementation. This Chapter considers SABR as a recent example
of the introduction of a new technique into radiation therapy centres in New South Wales (NSW). At the
time of the study (2018), no information was available on the implementation of SABR in Australia. This
paper describes the results of a survey of NSW radiation therapy centres and includes a graph of the
implementation over time, and comparisons to utilization of this technique in similar countries around the

wortld.

Chapter 3 of this thesis is published as ‘Stereotactic ablative body radiation therapy (SABR) in NSW” in the
Physical and Engineering Sciences in Medicine journal in 2020 (158).

This work addresses research question 1:

Is stereotactic ablative body radiation therapy (SABR) available to all patients in NSW, has it been
implemented in a timely manner and has the implementation of this technique across the state been

equitable?

3.2 PUBLICATION 1
Stereotactic ablative body radiation therapy (SABR) in NSW
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Abstract

A survey was conducted to establish the current utilisation of stereotactic ablative radiation therapy (SABR) services in
NSW. The objective of the survey was to generate baseline data to inform requirements for a networked approach to the
implementation of new radiation therapy techniques and technologies. All radiation therapy services in NSW were contacted
by email with a request to complete a SABR service survey. Questions were designed to identify equipment used, treatment
techniques in place, clinical sites treated with a SABR technique and plans to expand the current services offered. Each
professional group was asked to identify areas of service delivery they would most like to improve. Sixteen responses were
received representing 24 of 27 (89%) of NSW radiation therapy centres. The results indicate that most centres now treat
with SABR, however the number of centres and the treatment sites are still increasing. VMAT treatments and 3D imaging
are now commonplace. Liver was the most commonly reported treatment site where confidence in service delivery needed
improvement. Data from the survey will be useful in formulating future collaborative and educational activities aimed at

improving safety and efficacy in SABR service delivery to all patients in NSW and potentially the rest of the country.

Keywords SABR - SBRT - Stereotactic body radiation therapy - NSW - Survey

Introduction

Several definitions of stereotactic ablative radiation therapy
(SABR or SBRT) exist with a general consensus that SABR
uses high doses per fraction, a small number of fractions and
is reliant on specialised planning, image guidance, precision
treatment delivery and quality assurance.

Following early reports from Japan and Europe in the
1990s [1, 2], prospective studies from the United States lead
to more wide-spread implementation of SABR [3]. SABR
is now considered the standard of care for medically-inop-
erable early stage non-small cell lung cancer [4]. Recent
trial data now supports the use for SABR for oligometastatic
lesions from a range of primary tumour sites [5, 6]. Recently
a phase II trial demonstrated improved pain response with
single fraction SABR to vertebral metastases compared to
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standard 3DCRT radiation therapy [7]. For prostate and
liver, initial trial data have also shown favourable results [8]
with larger trials ongoing [9-14]. Trials are also ongoing for
other abdominal sites [15, 16].

While recommendations exist regarding the technical
aspects of SABR [17, 18], there are still significant risks
associated with introducing SABR [19] with errors occur-
ring at a higher rate for SABR compared to other proce-
dures and have a greater effect [20]. Reiber et al. [21] show
that experience at treating SABR is associated with better
outcomes. However, within Australia, with its wide-spread
population, centre specialisation may not be practical and
patients are likely to be treated at centres with low case
loads. In this context, sharing of knowledge and expertise
across centres may reduce this risk and expedite the intro-
duction of safe and effective services. To establish base-
line data on use of SABR in NSW, a survey was conducted
to identify variations in practice across NSW centres. The
survey included questions related to the number of SABR
patients treated by site, treatment modalities and image guid-
ance used, and confidence of staff in the SABR treatments
available (“Appendix™).

@ Springer



Physical and Engineering Sciences in Medicine

Methods

The survey was designed to assess uptake and utilisation
of SABR, equipment use for SABR and confidence and
concerns regarding current practice. The survey contained
demographic questions and 44 questions relating to SABR
usage (“Appendix”). The survey was emailed as a Micro-
soft Excel™ spreadsheet to Chief Physicists of all radiation
therapy centres in New South Wales in May 2018 to be com-
pleted by a multidisciplinary team within each centre. Where
no response was received, additional efforts were made to
contact the centres. All responses included for analysis were
received by October 2018.

Within NSW, some radiation therapy centres exist within
collaborative groups where they may share resources includ-
ing software, protocols and staff. In some cases, responses
were received from each centre within a group while in other

Table 1 All three professional
groups were asked to indicate
their confidence level in each
of these five listed components
of treatment as applied to three
anatomical sites

Component

Technique overall
Contouring
Planning

Positional accuracy

Dose accuracy

cases a single response was received, covering the entire
group of centres. Analysis was based on the number of indi-
vidual responses to each question.

As part of the survey, all three professional groups (oncol-
ogists, therapists and physicists) were asked to indicate their
confidence levels in SABR spine, in their most confident
SABR site and in their least confident SABR site under the
five categories listed in Table 1.

Results

Sixteen separate survey responses were received represent-
ing 89% of radiation therapy centres in NSW (24 of 27); 82%
of public centres and 100% of private centres. Three out of
16 surveys were returned incomplete; in two cases the num-
ber of patients treated with SABR was not provided, and in
two cases the questions relating to radiation oncologist and/
or radiation therapist confidence were not answered.

Eighty-four percent of respondents indicated that they
were using SABR, with 100% of these treating lung malig-
nancies. Figure 1 shows the distribution of other sites
being treated, with nearly half of respondents indicating
that they treat vertebral metastases and approximately one
third of respondents indicating that they treat either pros-
tate or liver malignancies. Despite some centres includ-
ing details related to brain treatments, they have not been
included as this survey was limited to SABR.

SABR Treatments in NSW

90%
84% 84%

80%
70%
60%
50%
40%
30%
20%
10%

0%

Any

% of Centres treating sabr

I 37%

Lung Liver

58%
53%
33%
Spine Prost/Prost nodes Other

Fig. 1 Percentages of respondents indicating that the specified site is treated at their centre, with ‘other’ including node, bone, adrenal, bladder,

kidney and abdomen
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Fig.2 SABR patients per SABR patients per treatment site
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Fig.3 SABR patients in NSW by type and centre. Note that centres A-C and S indicated that patients are treated with SABR but did not provide
the numbers of patients being treated
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SABR TECHNIQUE

100%

89%

90%

80%

70%

60%

50%

40%

% of centres

32%
30% 26%

20%

10% 5%

0% ER

21%
16%
5%
%

O N\ &2 AN
‘0‘\ v@Q (‘{\ éb
Q & N o

&S RS & &
s o O
<9 &
2
Q~\

Fig.4 Techniques used for SABR treatment in NSW, 2018. Centres which do not currently treat SABR are included with the techniques they

intend to use

Figure 2 shows the number of patients treated using
SABR in NSW in the last year. As not all respondents
provided patient numbers, the numbers shown are likely to
underestimate the true value. Lung SABR treatments are
the most common based on the survey data.

Figure 3 shows the number of patients treated by each
centre and the types of treatments. The data show that
one centre treated a substantially larger number of patients
than any other, with a larger number of pelvic nodal treat-
ments. Five centres treated more than 40 patients to a vari-
ety of treatment sites over the previous year. Three of these
five centres treated 9 or more liver SABR patients in the
previous year.

All sites who indicated they were not yet treating
SABR were in regional locations. The number of SABR
patients treated in the previous year was also lower for the
regional centres which are treating SABR, 45 patients per
year at metropolitan centres versus 23 patients per year for
regional centres treating SABR.

Further analysis of these data comparing multi-centre
groups versus stand-alone radiation therapy centres shows
that multi-centre groups were somewhat more likely to
offer SABR (91% versus 75%). However, the stand-alone
centres treated many more patients (53 vs. 19 patients per
year).

@ Springer

Participants were asked to indicate which year their centre
started SABR treatments. These data are displayed in Fig. 5
and show a steady increase from implementation in 2007
through to 2018.

By far the most popular treatment delivery technique
for SABR treatment was volumetric modulated arc therapy
(VMAT) with multiple arcs, with 89% of respondents indi-
cating this treatment technique was used (Fig. 4). Multi-
ple responses were allowable for this question with 74% of
respondents selecting 2—4 different techniques.

CBCT was the most popular imaging modality used for
SABR with 79% of respondents indicating this was used.
4DCBCT, kV imaging and MV or MVCT imaging repre-
sented 42%, 26% and 26% respectively. The choice of imag-
ing was somewhat dependent on the type of treatment unit
used for SABR, with MVCT and 4DCBCT only available
from certain vendors. All respondents selected an imaging
modality other than or in addition to kV or MV imaging
indicating that all centres use 3D imaging of some kind.
More than half the respondents indicated that they used Var-
ian linacs (56%) for SABR treatments, with lower numbers
for Elekta (33%) and Tomotherapy (16%).

The survey questions relating to confidence are outlined
in “Appendix”. All three professional groups selected lung
as their most confident site (69% of radiation oncologists,
64% of radiation therapists and 43% of radiation oncology
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Table2 The ways respondents would like to improve SBRT at their
centre; themes present in the responses, sorted from most to least
popular

Localisation, visualisation and imaging

Motion management

Use of FFF beam
Immobilisation and positioning
Planning

Audits and comparisons
Algorithm accuracy

Time and speed

Image Registration

Contouring

Specific treatment site to be added
Training

Film dosimetry

Upgrade or change equipment

medical physicists) and all three professional groups selected
liver as their least confidence SABR treatment (38% of radi-
ation oncologists, 33% of radiation therapists and 33% of
radiation oncology medical physicists).

Participants were asked to specify any additional sites
they would like to be able to treat at their centres and what
they would like to see improved. The most popular addi-
tional treatment sites were spine, bone and pancreas for
oncologists, prostate and liver for radiation therapists and
liver for physicists.

The responses relating to the improvements or further
developments participants would like to see in their centres

Fig.5 The number of NSW
radiotherapy centres or groups

14
of centres (indicated by a
combine response to this ques-
tion) offering SABR by year 12
(2007-2018) who answered this
question
10
8
6
4
| I I
, N

2007 2008 2009

were thematically analysed into 14 separate categories. The
categories are listed in Table 2. Half of all participants had
responses categorised as relating to localisations, visuali-
sation and imaging or motion management. These themes
were popular with all professional groups with>45% of
participants in each profession submitting responses for
one of these two categories. Greater than 10% of respond-
ents indicated a desire to begin using flattening filter free
(FFF) beams. It should be noted that the different profes-
sional groups were not blinded to the responses of others
within their centre. This may have led to increased correla-
tion between responses and a reluctance to indicate a lack
of trust in the work of others.

Discussion

The high response rate to this survey indicates that the data
are representative of NSW, covering most sites and includ-
ing both metropolitan and regional locations, and ranges in
experience. Based on the current number of sites not treating
patients with SABR and those who currently only treat lung,
there is the potential to see further expansion of SABR is
NSW in terms of both sites offering this treatment and the
range of treatment areas being treated with SABR.

Five sites indicated that they had treated less than 25
patients in the past year. Three of these five centres started
SABR treatments in 2017, therefore it is possible that the
patient numbers did not represent an entire calendar year
and that in the future the total number of patients will be
higher. With these lower patient numbers, these centres are
below the recommended number of 25 patients required to

Centres treating SABR

2010 2011 2012 2013 2014 2015 2016 2017 2018
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maintain professional competence of all members of the
treating team by the National Health Service (UK) [22].
However, the RANZCR (Australia and New Zealand) rec-
ognise that this level may not be achievable in Australia with
the more dispersed population and that regional networks
could be established to achieve similar numbers [23].

All of the responding centres who do not currently treat
with SABR indicated that they intended to start in late 2018
or early 2019. However, extrapolation of Fig. 5 combined
with the linear increase in radiation therapy centres in NSW
suggests that it may take longer for SABR to be available at
all centres in NSW, possibly as late as 2021.

Earlier surveys have been conducted in other countries
[19, 24-27] the results of which can be compared with the
results of the current study, the first SABR survey conducted
within Australia. These previous international survey data
show a large variation in the number of centres treating with
SABR around the world. By 2009, approximately 56% of
centres in Japan were treating with SABR [26] and by 2010
64% of oncologists in the US were offering SABR [24].
More recent data show that in 2016, SABR was offered by
80% of North American practices [20], which is consistent
with the 84% of centres offering SABR in NSW, suggesting
that the number of centres practicing SABR in Australia is
comparable with other countries.

The UK reported its first survey of SABR practice in
2012. At that time only 23% of centres were treating with a
SABR technique, though low numbers could be attributed
to the ‘Commissioning through Evaluation’ program where
funding for SABR treatment is only available to a limited
number of centres [28]. Since that report was published, a
second survey was conducted which shows that in 2018 76%
of centres now have active programs [27].

Data from both the US and UK show that lung is the
most common SABR treatment and this agrees with our
data for NSW. However, the NSW data show a much
greater proportion of non-lung patients (58%) compared
to the UK survey in 2018 [27] (15%) with the largest dif-
ferences for node, spine, bone and adrenal treatments.
The data from the US is not directly comparable, as it
considers oncologists as opposed to patients or centres,
however in 2010 only 7.9% of oncologists were treating
prostate with SABR [24], whereas 33% of respondents to
this survey indicated that prostate SABR was available at
their centre. This suggests an increase in the prevalence
of prostate SABR since the US survey coinciding with the
publication of draft ASTRO Guidelines on hypofractioned
radiotherapy [29] and the results from several large trials
looking at prostate fractionation schemes [30-32].

Our survey indicates that SABR services are increas-
ing across NSW and the number of clinical sites treated
is also increasing. There is general interest in delivering
liver SABR treatments, though this was identified as the
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site with least confidence indicating a potential need for
further education and on-going peer review to improve
this confidence. Further work will consider the benefits of
a collaborative approach to reviewing procedural, training,
prescribing, simulation and planning aspects of this treat-
ment technique with the potential to share the resources
and experience during the early development phase. This
work will determine the optimal model of collaborative
and educational activities for supporting safe and effi-
cient implementation of SABR techniques across a range
of clinical sites. The educational activities may resemble
those which have been used for trials in the past but tai-
lored to a wide audience [33]. The requirement for these
activities will be guided by the areas of low confidence
that have been identified in this survey, and may include
planning comparison studies as suggested by the radiation
therapists and activities to assist radiation oncologist with
registration and contouring. Image guidance and motion
management is often vendor dependent, therefore train-
ing packages to target specific vendor workflows may be
required. It may be possible that the data collected in this
survey can be used to create networks of centres with simi-
lar needs or to connect centres starting with a new site or
technology with centres experienced in those areas.

Conclusion

The results of this survey have shown that SABR treat-
ments are both prevalent and increasing within NSW.
Comparisons with previous surveys show an increased use
of technology, such as VMAT delivery, and a broadening
of the utilisation of SABR. Whilst lung is still the most
popular treatment site for SABR, the survey responses
indicate an interest in implementing SABR for liver but
highlight the lack of confidence in this treatment delivery.
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Appendix—Survey

SECTION 1

NSW SABR/SBRT Evaluation and Improvement Initiative — Initial
Questionnaire

Background

This project looks to improve the efficient and safe implementation
of new technologies and techniques in NSW. We will initially
look at the use of SBRT/SABR. This particular technique was
chosen as it is technologically challenging and of interest to many
NSW radiation oncology centres. In addition, experience with this
technique is varied throughout NSW, with many centres still in
the implementation phase

The SBRT/SABR research project will be in several parts. We are
collaborating with the ACDS for a dosimetric assessment of the
technique. During a separate site visit, we also plan to investigate
the procedural, training, simulation and planning aspects of this
treatment technique

SECTION 1

Please complete the information
below

If you have previously completed
the TROG SABR questionnaire,
this can be returned in place of
Sect. 1

Date

Email Address

First Name

Last Name

Facility Name

Site (if applicable)
Contact phone number

Does your facility currently treat
using SBRT/SABR?

Which, if any, sites do you cur-
rently treat with SBRT/SABR?

Which techniques are used, or
do you plan to use, for SBRT/
SABR treatments?

(delete responses which do not
apply)

3D conformal Coplanar

Non-Coplanar

IMRT: Static Gantry Step and shoot

Dynamic leaves

VMAT: Dynamic Gantry Arc Single

Multiple

Hybrid

Rapid

Smart

Tomotherapy

Cyberknife

Other (please specify)

Helical Tomotherapy Yes

No
Comment

Cyberknife Yes

How many patients were treated
at your facility with SABR in
the last year?

In what year did your facility
start treatment these sites with
SABR?

Treatment Unit/s for SABR
techniques

Image guidance for SABR
techniques

(delete responses which do not
apply)

Please provide any further infor-
mation which may be relevant
to your participation

SECTION 2

Please complete the information
below

Radiation Oncologist

SABR/SBRT Site:

Current level of confidence in
SABR/SBRT technique overall

Current level of confidence in
SABR/SBRT contouring

Current level of confidence in
SABR/SBRT planning

Current level of confidence in
SABR/SBRT treatment posi-
tion accuracy

No
Comment

Lung

Liver
Spine
Prostate
Node
Cranial
Adrenal
Bone

Other (please specify tumour site
and number of patients)

Lung

Liver
Spine
Prostate
Node
Cranial
Adrenal
Bone

Other (please specify tumour site
and year)

Manufacturer and model

Local Linac Name
CBCT

4D CBCT

kv

MV

Other (please specify)
Open-Ended Response

Drop down options will appear for
some questions

Name
Spine
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SECTION 1

SECTION 1

Current level of confidence in
SABR/SBRT treatment dose
accuracy

SABR/SBRT Site with which Enter Site
you have the most confident:

Current level of confidence in
SABR/SBRT technique overall

Current level of confidence in
SABR/SBRT contouring

Current level of confidence in
SABR/SBRT planning

Current level of confidence in
SABR/SBRT treatment posi-
tion accuracy
Current level of confidence in
SABR/SBRT treatment dose
accuracy
SABR/SBRT Site with which Enter Site
you have the least confident:

Current level of confidence in
SABR/SBRT technique overall

Current level of confidence in
SABR/SBRT contouring

Current level of confidence in
SABR/SBRT planning

Current level of confidence in
SABR/SBRT treatment posi-
tion accuracy

Current level of confidence in
SABR/SBRT treatment dose
accuracy

Please describe any areas of
SABR/SBRT treatment at your
centre that you would like to
improve

Which, if any, additional sites
would you like to be able to
treat at your centre?

Radiation Therapist Name

SABR/SBRT Site: Spine

Current level of confidence in
SABR/SBRT technique overall

Current level of confidence in
SABR/SBRT contouring

Current level of confidence in
SABR/SBRT planning

Current level of confidence in
SABR/SBRT treatment posi-
tion accuracy

Current level of confidence in
SABR/SBRT treatment dose
accuracy

SABR/SBRT Site with which Enter Site
you have the most confident:

Current level of confidence in
SABR/SBRT technique overall

Current level of confidence in
SABR/SBRT contouring

Current level of confidence in
SABR/SBRT planning

Current level of confidence in
SABR/SBRT treatment posi-
tion accuracy

Current level of confidence in
SABR/SBRT treatment dose
accuracy

SABR/SBRT Site with which Enter Site
you have the least confident:

Current level of confidence in
SABR/SBRT technique overall

Current level of confidence in
SABR/SBRT contouring

Current level of confidence in
SABR/SBRT planning

Current level of confidence in
SABR/SBRT treatment posi-
tion accuracy

Current level of confidence in
SABR/SBRT treatment dose
accuracy

Please describe any areas of
SABR/SBRT treatment at your
centre that you would like to
improve

Which, if any, additional sites
would you like to be able to
treat at your centre?

Medical Physicist Name

SABR/SBRT Site: Spine

Current level of confidence in
SABR/SBRT technique overall

Current level of confidence in
SABR/SBRT contouring

Current level of confidence in
SABR/SBRT planning

Current level of confidence in
SABR/SBRT treatment posi-
tion accuracy

Current level of confidence in
SABR/SBRT treatment dose
accuracy

SABR/SBRT Site with which Enter Site
you have the most confident:

Current level of confidence in
SABR/SBRT technique overall

Current level of confidence in
SABR/SBRT contouring

Current level of confidence in
SABR/SBRT planning

Current level of confidence in
SABR/SBRT treatment posi-
tion accuracy
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SECTION 1

Current level of confidence in
SABR/SBRT treatment dose
accuracy

SABR/SBRT Site with which Enter Site
you have the least confident:

Current level of confidence in
SABR/SBRT technique overall

Current level of confidence in
SABR/SBRT contouring

Current level of confidence in
SABR/SBRT planning

Current level of confidence in
SABR/SBRT treatment posi-
tion accuracy

Current level of confidence in
SABR/SBRT treatment dose
accuracy

Please describe any areas of
SABR/SBRT treatment at your
centre that you would like to
improve

Which, if any, additional sites
would you like to be able to
treat at your centre?

Timeline

If you are not using SBRT/
SABR, when do you plan to
begin?
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3.3 POSTAMBLE

This chapter aimed to address Research Question 1 by investigating the implementation of SABR into
NSW.

Research Question 1:
Is stereotactic ablative body radiation therapy (SABR) available to all patients in NSW, has it been
implemented in a timely manner and has the implementation of this technique across the state been

equitable?

Key Findings from this Chapter:
- By 2020, the number of centres treating SABR was on par with the USA and UK. However, the
implementation initially lagged behind Japan and the US based on the surveys from 2009 and
2010 respectively.
- The centres who had not introduced this new technique were all from regional areas.
- While the first centre introduced SABR in 2007, the work in this paper predicts that this

treatment technique would not be available at all centres until 2021.

Summary:
The implementation of new technology in NSW radiation oncology centres is delayed compared to some

other countries, particularly in regional NSW. SABR was not to be available to all patients in NSW which

may have resulted in inequities.

To address these issues, the potential for knowledge sharing is explored in Chapters 5, 6, 7 and 8. More
detailed information on the use of SABR in NSW is presented in Chapter 4, specifically looking at aspects
of quality and safety. Additionally, Chapter 4 aims to identify barriers which may exist to the safe

implementation of SABR into NSW.
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CHAPTER 4

The Safety and Quality of SABR in New South Wales

4.1 PREAMBLE

In addition to investigating the availably of new techniques and technologies to radiation oncology patients
in NSW, it is also important that treatments are delivered in a safe manner. This chapter again considers
SABR in NSW, but evaluates the quality and safety of the treatments available against the ‘Guidelines for
safe practice of stereotactic body (ablative) radiation therapy’, published in 2015 (159) by the Royal
Australian and New Zealand College of Radiologist (RANZCR).

This chapter addresses research question 2:

e Has the implementation of SABR across NSW been in accordance with the RANZCR published

recommendations?

e If not, in what areas are the recommendations not being met and what are the barriers to this?

What can be done to address these barriers?

This work is the first study published looking at SABR-specific guideline compliance. In addition, this study
aims to identify the specific areas of low compliance, barriers to compliance and potential future work

which could address these issues.

Chapter 3 of this thesis is published as ‘A survey of compliance with stereotactic ablative body radiotherapy

quality recommendations’ in the Journal of Medical Imaging and Radiation Oncology in 2023 (160).

4.2 PUBLICATION 2

A survey of compliance with stereotactic ablative body radiotherapy quality recommendations
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Introduction

Abstract

Introduction: Many publications have proposed quality standards for stereotac-
tic ablative body radiotherapy (SABR). However, data on the level of compli-
ance with these guidelines is lacking in the literature. This study aimed to
understand how these guidelines are applied in the clinic and to identify bar-
riers to implementing such recommendations.

Methods: Interviews were conducted with multidisciplinary staff at radiation
oncology centres across New South Wales formulated around the RANZCR
Guidelines for Safe Practice of Stereotactic Body (Ablative) Radiation Therapy.
The interview responses were grouped into 20 topics, assessed against the
guidelines and thematically analysed.

Results: Good compliance with the guidelines was found, with more than 80%
of centres achieving satisfactory results in more than half the topics. The
areas with the lowest compliance were auditing, risk assessment and report-
ing recommendations. Barriers to the quality of SABR treatments included
limited training opportunities, low patient numbers and a lack of clear require-
ments on comprehensive auditing and reporting.

Conclusion: Overall, the centres surveyed reported good compliance with most
of the RANZCR SABR guidelines. The tasks with the lowest compliance were
those that monitor quality outcomes. Potential strategies for improvement
include inclusion in clinical trials and the use of databases which link treat-
ment parameters, dosimetry and outcomes. Further work will focus on the
barriers identified in this survey and propose practical solutions to improve
compliance in these areas.

Key words: guidelines; radiation oncology; SABR; survey.

for Safe Practice of Stereotactic Body (Ablative) Radiation
Therapy were published in 2015 by the Royal Australian

Quality healthcare can be defined as ‘the degree to which
health services for individuals and populations increase
the likelihood of desired health outcomes”.! It should be
safe, effective, patient-centred, timely, efficient and
equitable.? Quality indicators in radiation oncology
include clinical practice guidelines and consensus state-
ments, systematic reviews and quality audits.3°

With the increased use of stereotactic ablative radiation
therapy (SABR),”'® many practice guidelines have been
published in this area. Such guidelines can cover a specific
area, such as contouring,®'® a particular treatment
site'?12 or they may be more general in nature,*3 covering
a broad range of multidisciplinary areas. The Guidelines

and New Zealand College of Radiologists (RANZCR)* to
assist the rapidly increasing number of centres imple-
menting SABR techniques by ensuring best practice in the
establishment and delivery of SABR programmes.

Several audit tools for general radiation oncology qual-
ity indicators exist such as the IAEA QUATRO audits'®
and the AAPM SPA.'® In contrast, systematic auditing
for specific SABR guidelines has not been published mak-
ing it difficult to determine the quality of SABR in the
real world. A SABR-specific audit tool would provide
information on barriers to quality care, highlight areas
for improvement and provide information on the quality
priorities of radiation oncology centres.

© 2023 The Authors. Journal of Medical Imaging and Radiation Oncology published by John Wiley & Sons Australia, Ltd on behalf of Royal Australian and New 1

Zealand College of Radiologists.
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This study was performed within the Australian state
of NSW. A state with a population of over 8 million, 30%
of whom live in regional cities and isolated rural areas.'”
Australia’s health system includes both public and private
radiation therapy services. At the time of this study,
there were 20 radiation therapy service providers operat-
ing in NSW: three private multi-centre radiation therapy
providers; one private not-for-profit radiotherapy centre
and 16 public radiotherapy centres operating as stand-
alone sites or in small networks of up to three locations.
These centres utilise 1-5 linacs, treating approximately
100-1700 radiotherapy courses per year.'8

We present the results of a review of SABR practices
within these New South Wales radiation therapy centres
based on a series of interviews covering the RANZCR
recommendations.'* The study was designed to deter-
mine the level of compliance with the RANZCR recom-
mendations in a real-world context and the barriers to
compliance, to assist with the implementation of correc-
tive strategies.

Interview methods

Ethics approval for the study was granted by the Univer-
sity of Sydney Human Research Ethics Committee
(2021/754).

All 20 radiation oncology service providers in NSW
were invited to participate in this study and 19 agreed to
take part. Interviews were conducted from November
2018 to December 2020. Some interviews were com-
pleted via phone or video call due to COVID-19
restrictions.

Based on the RANZCR Guidelines,'* a list of 20 topics
and guidelines was devised (Table 1). Some questions
were broadened beyond the RANZCR guidelines to cover
other published SABR recommendations.®22 Partici-
pants were asked to describe their SABR programme
including the equipment used, how they current address
each of the topics and were given the opportunity to.

Interviews were conducted by the first author, an
experienced medical physicist, except at her workplace.
In this case, the two remaining authors conducted the
interviews. Extensive notes were recorded and where
additional information was required, the centres were
contacted by email with follow-up questions.

Following completion of the interviews, all responses
were assessed using a rubric to classify the level of per-
formance. The interviewers assessed the response to
each question to determine to what degree the criterion
had been satisfied. The level of performance was desig-
nated as ‘At or exceeding recommended level’, ‘At or
exceeding recommended level/Improvement possible’,
‘Improvement possible’, ‘Improvement possible/Signifi-
cant work recommended’ or ‘Significant work recom-
mended’ with the first two levels indicating acceptable

compliance. A thematic analysis of the recorded answers
was performed and relevant information noted.

Radiation oncology centres in the cities of Sydney,
Newcastle and Wollongong were classified as metropoli-
tan, with all other centres classified as regional. Where
the interviewees represented multiple sites across both
metropolitan and regional areas, the interview responses
were classified as mixed. Centres were classified as Pub-
lic or Private based on the NSW Cancer Institute data.'®

Analysis

Statistical analysis was performed in Microsoft Excel™
Version 2102. Where radiation oncology providers were
part of a network, the interviews were conducted and
reported either separately or together at the provider’s
request. Multiple interviews were conducted where
required to accommodate staff availability.

The interviews resulted in 16 questionnaires com-
pleted by at least one radiation oncologist, radiation
therapist and one physicist. In addition, one question-
naire was partially completed by radiation therapists and
physicists, as a radiation oncologist was not available.

Each questionnaire may represent one or more centres
and a variable number of professionals, so while the
numerical values indicate trends in practice, they should
not be taken to be an exact proportion of the centres or
professionals within NSW. Percentages provided in the
text are based on the number of recorded responses for
that topic, and in some cases, multiple responses or no
response may have been recorded for one centre. Cen-
tres were not specifically asked about difficulties in
achieving the guidelines but often this information was
provided and recorded.

Study population

The data collection involved 11 on-site interviews and 14
phone or video calls, resulting in 17 questionnaires which
captured data from 28 radiation oncology centres. There
was input from 82 professionals including radiation
oncologists, radiation therapists and medical physicists.

The majority of the responses (53%) represent metro-
politan centres with a smaller proportion (35%) repre-
senting regional centres and (12%) mixed metropolitan/
regional centres. A total of 76% of the questionnaires
were from public centres, reflecting the higher number of
public radiation therapy service providers in NSW. A total
of 88% of centres had active SABR programmes at the
time of the survey.

The number of questionnaires completed by staff using
Varian and Elekta linear accelerators was nearly equal
(53% and 47% respectively). Eclipse (Varian Medical Sys-
tems, Palo Alto, CA, USA) was the most commonly used
treatment-planning system (43%) with Pinnacle (Philips

2 © 2023 The Authors. Journal of Medical Imaging and Radiation Oncology published by John Wiley & Sons Australia, Ltd on behalf of Royal Australian and New

Zealand College of Radiologists.
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SABR guideline performance

Table 1. A summary of the 20 topics and guidelines which formed the structure of the interviews and the basis for the assessments based on the RANZCR
guidelines'

1

Training

RO-specific SABR training (a relevant fellowship, a dedicated teaching course or mentoring)
Specific competency-based training for radiation therapists (RT) in SABR particular for IGRT
SABR-specific training course for radiation oncology medical physicists (ROMP)

2 Protocols and Documentation
Utilise peer reviewed and evidence-based protocols that are regularly reviewed and date tracked. Simulation and planning procedures and protocols
should be clearly documented and in place before starting SABR treatment
3 Risk Assessment
A comprehensive, multidisciplinary risk assessment should be developed
4 Contingency
Contingency plans should be in place in case of catastrophic machine breakdown allowing treatment courses to be completed
5  Collaboration
Centres implementing SABR should seek collaborations with more experienced centres
6 Audits
On-site external audit and review of processes prior to commencing SBRT recommended including imaging, planning and treatment processes per
clinical site, equipment uses, QA programme and tolerances and end-to-end dosimetry
7  Databases and Reviews
Databases linking patient treatment parameters, dosimetry and outcome are encouraged
participation in trials, where available, is strongly encouraged
8  Imaging for Planning
The most appropriate imaging to enable accuracy in target delineation should be used. Imaging should be performed at a similar time to radiation
therapy planning in treatment position, if possible
9  Motion Management for Planning
Tumour motion assessment must be accounted for at simulation. 4DCT simulation is recommended for lung and liver SABR
10 Immobilisation
The entire length of the patient should be supported comfortably and effectively. Indexed patient positioning systems are recommended. Vacuum bags
should be available
11 Margins
Should be based on an understanding of SABR, as well as the natural history of the tumour, the limitations of in-house localisation and from
information in the current literature
12 Planning Technique
A range of planning options that include static beams, dynamic arcs and intensity-modulated beams or arcs and combinations of same should be
available
13 Dose Calculation
A superposition/convolution type dose algorithm and/or a Monte Carlo dose algorithm with a minimum grid resolution of 2 mm
14 Reporting
Reporting should include Dmax, D95 and D98 for the PTV, Dmax and D99 for the GTV and site-specific OAR data
15  Staffing for Treatment
RO, RT and Physics attend first fraction or trial setup and radiation oncologist (RO) must be present or immediately available for subsequent fractions.
Once programme is established, RO and/or ROMP may not be required at each treatment but must be immediately available
16 Image Guidance
Online correction and evaluation for intra-fraction errors is a minimum standard using volumetric or stereoscopic imaging. Imaging protocols are
required that include consideration of tolerances, action levels and frequency of imaging, both intra- and inter-fractionally
17  Treatment Unit
Treatment units should meet AAPM TG1012" tolerances, have a high degree accuracy isocentre (<2 mm diameter), have high dose rates and monitor
patient stability during treatment. MLC leaves should be <5 mm
18 Linac QA Documentation
QA procedures and protocols should be documented and meet national and international guidelines.
19 Linac Commissioning
From AAPM TG101,%" commissioning should include immobilisation, localisation, small field measurements and verification. Several specific publications
are referenced and particular mention is made to radiation and mechanical isocentre coincidence and end-to-end testing
20 Patient-Specific QA
Initially, patient QA should include a relative and absolute measurement and calculation performed prior to treatment
Radiation Oncology Systems, Fitchburg, MA, USA), As the responses may be influenced by the tumour
Monaco (Elekta, St. Louis, MO, USA) and iPlan (BrainLAB, sites being treated with SABR at each centre, data on
Feldkirchen, Germany) making up the remainder. this are provided in Figure 1.
© 2023 The Authors. Journal of Medical Imaging and Radiation Oncology published by John Wiley & Sons Australia, Ltd on behalf of Royal Australian and New 3
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Compliance with the RANZCR recommendations

Compliance for the 20 topics listed in the Guidelines for
Safe Practice of Stereotactic Body (Ablative) Radiation
Therapy!* is shown in Figure 2. The recommendations
with the lowest compliance were relating to audits, risk
assessment and reporting. More than half the question-
naires showed scope for improvement in topics related
to databases and clinical outcome/review. A summary of
the results, reported solutions, barriers and issues
related to compliance can be found in Table 2.

General barriers and requests

Analysis of all responses found that the most common
barrier to compliance was staffing. Other common bar-
riers were old or unsuitable equipment, issues with
knowledge transfer, issues related to training and a lack
of support from other centres. Several centres men-
tioned that collaborative rounds or peer review would be
helpful. Others felt that pooling data or a coordinating
group would be of assistance.

Discussion

The level of compliance in NSW with the RANZCR SABR
recommendations has been determined in this study,
providing for the first time information on how such
guidelines are being applied in the real world. This has
highlighted areas of low compliance and perceived bar-
riers to compliance.

A lack of comprehensive, external auditing prior to the
implementation of a SABR service was apparent during

the interviews. Credentialling through clinical trials is
available but limited to the specific clinical site. More
than 50% of centres offering a SABR service had not
participated in trials, and therefore, this form of
credentialling would not have been available to them.

Dosimetry audits are available through the ACDS, but
these do not cover other aspects required by the guide-
lines such as equipment quality assurance, so for many
Australian centres, there is no formal mechanism for
comprehensive external SABR audit. A recommendation
of this study is that a framework for quality audits within
Australia is established, preferably via a formal audit
group or by a networked approach with other centres.
Given that no centres satisfied this audit requirement, it
is suggested that this remain as a recommendation with
an additional statement acknowledging a formal mecha-
nism does not currently exist and that a networked
approach should be considered to address this
recommendation.

Low levels of acceptable performance were also seen
in the domain of risk assessment. These results agree
with previously published quality and safety audit
data.'>23 In 2015, Ford et al.?> proposed that this may
be due to the newness of approaches such as Failure
Modes and Effects Analysis, and our results suggest that
this is still an area of poor performance and evidently not
prioritised even for a new technique such as SABR.

Reporting was another area which showed low levels
of acceptable performance. The requirements for report-
ing of SABR treatments are outlined in ICRU reports
including report 9124 and in the RANZCR guidelines.'*
References were made to a wide variety of reporting
methods which suggest that there is confusion over how
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Fig. 1. The number of centres treating each tumour site with SABR.
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Fig. 2. Results of the evaluation against the RANZCR guidelines for the 20 topics.

to satisfy these requirements in practice. To clarify this,
future recommendations should include not just the
information which should be reported, but also the prac-
tical guidance on what constitutes a satisfactory format
for the information being reported.

This study found that the use of databases and regis-
tries to monitor patient outcomes could be improved,
which is particularly concerning for a complex technique
such as SABR. The use of databases to monitor patient
outcomes may be limited by financial resources, for
example, to employ data managers or dedicate staff
time. Efforts to increase automation and reduce the
workload required to create such databases may assist
in this area, as may longer term projects to assist with
the pooling and linkage of outcomes data.

The deficiencies listed above are similar to those found
in previous broader radiation oncology audits.**>?3 Fol-
lowing the quality standards decision tree outlined by
Donaldson et al.,? the 20 topics evaluated in this article
can be classified into categories. The only three topics
classified as ‘Outcome’ were Audits, Risk Assessment,
and Databases and Reviews, all of which have been dis-
cussed above as areas where improvement is needed.
While the timely implementation of new techniques is
important, effort should also be made to measure and
report on appropriate quality metrics.

The positive impact of trials in the implementation of
SABR was highlighted during the interviews. Trial proto-
cols were often the basis for departmental protocols,

even where the centre did not contribute patients to that
particular trial. The SSBROC collaborative trial®® in par-
ticular provided a framework which assisted the imple-
mentation of Ilung SABR into NSW. Interviewees
mentioned that the trial increased consistency, made
them feel safer about SABR, provided procedures to fol-
low and included trial credentialling to validate their lung
SABR delivery. This trial also included a registry for the
collection of patient data to monitor outcomes. Unfortu-
nately, barriers to trial participation were found and
included a lack of support and the workload associated
with trials, both of which have been previously identified
by other studies.?”3° While dedicated research staff
have been suggested as a solution,?® cost and funding
issues were also identified as barriers. Alternative solu-
tions, such as the use of technology to streamline pro-
cesses,>! may be more realistic.

The interviews highlighted the difficulty in training staff
for early adopters of new techniques and for centres with
low patient numbers. The issue of low patient numbers
has been noted previously in Australia,’* and large dis-
tances mean that limiting specialised treatments to
major hospitals may not be equitable. Better collabora-
tive efforts between radiation therapy centres, such as
the regional networks recommended by the RANZCR'*
and virtual chart rounds,>? may help to increase hands-
on training opportunities when patient humbers are low.
However, these opportunities may not be able to replace
the experience gained in treating patients in one’s own

© 2023 The Authors. Journal of Medical Imaging and Radiation Oncology published by John Wiley & Sons Australia, Ltd on behalf of Royal Australian and New
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Table 2. A summary of results, reported solutions, barriers and issues relating to compliance with the RANZCR Guidelines'* based on the conducted

interviews
Topic General results and reported solutions Barriers and issues
Training * Theoretical and practical training for all staff and formal * A lack of appropriate training for early adopters of SABR

credentialing for staff. ¢ Low patient numbers limiting internal training opportunities

Protocols and
Documentation

Risk Assessment

Contingency

Collaboration

Audits

Databases and Review

Imaging for Planning

Motion management

International training or fellowships (88%)

National courses/workshops (88%),

Internal training programmes (76%)

Site visits (47%),

Recruiting experienced staff (47%)

Forming a specialist group for the implementation of SABR
(41%)

Protocols based on trials (94%)

Protocols from another centre (59%)

Protocols based on the Sydney Stereotactic Body Radiother-
apy Collaboration? lung trial (41%)

The AAPM TG100 report on risk analysis methods®® (18%)

Back up linac available (88%)

Patient delays in the case of linac breakdown were accepted
at 29% of centres

No published evidence as to whether a delay in a SABR
treatment, which is both hypofractionated and ablative,
would have a negative effect on patient outcomes

Site visits (41%)

Trials-based collaboration (35%)

Collaboration facilitated by staff who came from other cen-
tres (35%)

Active recruitment of RTs with SABR experience

Most centres had actively sought out collaborative opportu-
nities, particularly with centres using similar equipment
Trial credentialling (47%)

Australian Clinical Dosimetry Service (ACDS) SABR dosimetry
audit® (35%)

Audits completed by other centres (17%)

Internal audits (11%)

Trial participation was mixed (47%

participation in any SABR trial)

Data were collected into a local or combined registry at 35%
of centres

Positron emission tomography (PET) utilisation (88%)
Magnetic resonance imaging (MRI) utilisation (82%)

Four-dimensional computed tomography (4DCT) used at

and the maintenance of skills

A lack of radiation oncology-specific publications on the
topic when implemented SABR

The back up linac that has less technical capability than the
primary linac (47%)

Staffing limitations, in relation to contingency planning (41%).
Linac breakdown required replanning, plan recalculation or
transfer to another location (53%)

Of those currently treating SABR patients, 33% had not been
externally audited

Of those currently treating SABR patients, 20% had not had
a SABR-specific audit at all

External audit or trial credentialling were not comprehen-
sive, covering only a particular treatment site or were per-
formed as a dosimetry audit and did not include a review of
processes or the QA programme

A lack of an integrated, simple-to-use system was a barrier
to systematic collection of data

A lack of support in the form of trial coordinators, to assist
with the administrative burden and follow-up

Funding, workload, trial timelines and the requirement for
experience were barriers to trials participation

The centres not utilising MRI were all regional or mixed
regional/metropolitan sites, most of which only treated lung
SABR

for Planning 100% of sites treating SABR
* Internal target volumes (ITV) (82%)
* Maximum intensity projection (MIP) images (35%)
¢ Formal assessment of tumour motion and motion-based
action limits (64%)
¢ Fluoroscopy for assessment (29%)
* Breath-hold techniques (35%)
¢ Abdominal compression (12%)
6 © 2023 The Authors. Journal of Medical Imaging and Radiation Oncology published by John Wiley & Sons Australia, Ltd on behalf of Royal Australian and New
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Table 2. (continued)

Topic

General results and reported solutions

Barriers and issues

Immobilisation

Margins

Planning Technique

Dose calculation

Reporting

Staffing for treatment

Image guidance

Treatment unit

Linear Accelerator QA

Equipment
commissioning

Patient specific QA

* In-house studies to assess the immobilisation achieved

* Vacuum bags (100%)

* Full-body vacuum bags (82%)

* Knee blocks (29%)

¢ Indexing (29%)

* All centres had well-documented, site-specific margins

* Variable or adjustable margins (50%)

* Trial-specific margins (25%)

* Variation in margins based on the equipment used, in-house
studies and individual patient assessments

* Volumetric modulated arc therapy (VMAT) (82%)

¢ Dynamic conformal arc therapy (DCAT) (35%)

¢ Planning techniques had changed since SABR was introduced
at 35% of centres

* General move from 3DCRT to VMAT

* VMAT the most popular technique for lung SABR

* Spine SABR evenly split between VMAT and intensity-
modulated radiation therapy (IMRT)

* Several Eclipse centres were either using the Acuros XB algo-
rithm or were changing to it from the AAA algorithm (44%)

* 2 mm dose grid (65%)

* 1 mm dose grid (53%)

* Treatment planning system specific reporting tools (29%)

* A radiation oncologist attended at least the first treatment
fraction, at times via video feed (100%)

* Larger multidisciplinary team (MDT) attended treatments ini-
tially, with a move away from this over time (65%)

* Cone beam computed tomography (CBCT) (100%)

* All Elekta centres using four-dimensional CBCT (4DCBCT)

¢ Reduced need for mid-treatment imaging due faster VMAT
(18%) delivery and flattening filter-free (FFF) beams (18%)

* Respiratory motion monitored using the Varian or Elekta sys-
tems (71%)

» Surface guided radiation therapy (24%)

¢ Using 6 degrees-of-freedom (6DoF) couch (29%)

* 6 degrees-of-freedom (6DoF) couch available but not used
for SABR (35%)

* Based on AAPM recommendations (91%)

* AAPM TG142 (71%)*

¢ Local adaptions to published recommendations (47%)

* Testing of the kilovoltage isocentre coincidence with the
megavoltage isocentre using a Winston-Lutz*° style test per-
formed daily (35%), weekly (29%) or monthly (24%)

* Measurements with a moving phantom (76%)

¢ Small field measurements (71%)

* ACDS audits (82%)

¢ Film measurements (76%)

¢ Three-dimensional arrays (76%)

* The method used for patient-specific dosimetry measure-
ment has changed or will soon change

* Move away from film or towards portal imager-based dosim-
etry, with increased confidence in their SABR delivery and
increasing patient numbers

Improvement required where a 2.5 mm dose grid size was
in use (with a 1 mm option available)

RANZCR-specific recommendations for SABR treatments'*
and the ICRU requirements for the reporting®**® not met
(59%)

No formal process or template for reporting (18%)
Inconsistent reporting

A formal process was hampered by the lack of automation
Some oncologists would like to reduce their attendance

End-to-end testing only mentioned in 35% of the interviews

Unable to perform an independent dose verification calcula-
tion and were instead relying on in-phantom measurements
for plan verification (12%)

© 2023 The Authors. Journal of Medical Imaging and Radiation Oncology published by John Wiley & Sons Australia, Ltd on behalf of Royal Australian and New 7
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centre. Increased use of multi-centre databases to moni-
tor outcomes may also assist in monitoring quality where
patient numbers are low at individual centres. Some cen-
tres used the SAFRON II e-learning course for lung SABR33
and the ESTRO FALCON online training for contouring®*
and the recent proliferation of online training during the
COVID-19 pandemic has increased access to international
training opportunities.

Scope for the transfer of patients between linear accel-
erators varied widely across NSW, and prolonged linear
accelerator breakdown at some centres would result in a
significant delay in patient treatments. Recommenda-
tions or information on the scope for SABR patient delay
would be useful to assess whether these contingency
plans are appropriate.

The increasing use of SABR has gone hand-in-hand
with technical improvements. Burton et al.3> show that
motion managed treatments now most often include the
use of 4DCT and VMAT. This agrees with our results which
additionally show that SGRT is becoming more promi-
nent. As confidence with SABR increases the presence of
a multidisciplinary team attending treatment is becoming
less common. With these changes, the quality and safety
processes such as risk analyses and end-to-end testing
may need to be reviewed, or instigated where these have
not been used previously. This may provide an opportu-
nity for an increased focus on quality and safety.

In order to assess changes over time, this survey
should be collected again in the future. However, a limi-
tation of this study was the extended timeline required
to visit and collect the data. Future work should aim to
use faster and simpler methods of data collection such
as online self-assessment and could be part of a larger
project to simplify the collection of data within NSW radi-
ation oncology centres.

In conclusion, data from across NSW showed good
compliance with the recommendations regarding SABR
treatments. Lower levels of acceptable performance were
evident in the domains of auditing, risk assessment and
reporting, which monitor quality outcomes but may not
affect the quality of treatment. Allowance should be made
for these tasks to ensure the quality as well as the speed
of clinical implementation of a new technique. Some bar-
riers to quality in SABR included the limited training
opportunities in centres with low patient humbers, and a
lack of comprehensive auditing options and clear report-
ing requirements. Barriers to risk assessment and the
maintenance of patient databases were not identified in
this study and will be addressed in future work. Meeting
the requirements of clinical trials facilitated quality and
safety in the implementation of SABR, even in centres
who did not participate in those trials. Based on the results
of this study, we recommend greater practical assistance
be provided to radiation oncology centres in the areas
mentioned. To achieve this, further work is currently being
carried out to increase the use of prospective risk assess-
ments and share practical training and resources.
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4.3 POSTAMBLE

This chapter aimed to address Research Question 2 by investigating the implementation of SABR into
NSW.

Research Question 2:

Has the implementation of SABR across NSW been in accordance with the RANZCR published
recommendations?

If not, in what areas are the recommendations not being met and what are the barriers to this? What can

be done to address these barriers?

Key Findings from this Chapter:
- Good compliance with the recommendations was found at NSW radiation oncology centres.
- Arecas with low compliance or potential for improvements were auditing, risk assessment,
reporting and review of clinical outcomes.
- Staffing levels, old or unsuitable equipment, knowledge transfer, training and a lack of support
from other centres were identified as bartiers to compliance.
- The positive impact of clinical trials was highlighted along with the need for better pooling of

data to assess clinical outcomes.

Summary:

While compliance with recommendations was high, compliance could be improved in specific areas.

The work in this chapter was directly affected by the COVID-19 pandemic. In-person meetings with
hospital staff had to be replaced by video calls and the staff of radiation therapy centres were busy

maintaining a clinical service.

Several of the following chapters focus on addressing the findings of this chapter. Chapter 7 investigates
how knowledge transfer and inter-centre cooperation can be used to expand the use of formalized risk
assessments. Chapters 6 and 8 address the need for knowledge transfer and inter-centre support through

focused workshops and online collaboration.

The work in Chapter 9 looks at how an existing research database can be used to implement automated
and sustainable self-auditing and pool data to provide better information on current practice. Future work

may include assessment of clinical outcomes using these same data.

The following chapter looks at a particular example of knowledge transfer and inter-centre collaboration.
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CHAPTER 5

Collaborative Implementation of Knowledge-Based Planning

5.1 PREAMBLE

Knowledge-based planning (KBP) is a tool to rapidly generate high-quality radiation treatment plans. This
planning technique involves estimating the dose to the organs-at-risk from the patient’s anatomy and applies
machine learning models based on data generated from a databased of previously created treatment plans.
Modern radiation therapy planning utilizes a method called “inverse planning” where clinical goals and
relative weighting factors (called priorities) are assigned to targets and normal tissues, and an optimized
plan is created by minimizing a cost function. Traditionally, a template of appropriate goals and priorities
is used and manually adjusted to achieve an acceptable plan for each patient. KBP instead uses previous
patient data to estimate the dose distribution that should be achievable for a particular patient and sets the
goals and priorities based on these estimates. This personalized approach aims to further reduce the dose
to normal tissue for patients with favourable anatomy, whilst not trying to achieve physically unachievable
results for others. As a result, KBP assists planners to achieve clinically acceptable plans more quickly than
could be achieved starting with a template of objectives (161, 162) and is a valuable tool for less experienced

planners (163).

Moving away from SABR, this chapter explores the implementation of knowledge-based planning in the
form of the RapidPlan software from Varian Medical Systems (Palo Alto etc). A consortium of NSW
radiation oncology centres was established in 2018 to look at the potential for collaboration with regards
to RapidPlan. While the product vendor promoted the opportunities for sharing data models produced in

RapidPlan between centres, the consortium felt that the benefits of this had yet to be established.
This chapter addresses research question 3:

Can knowledge-based planning models, created using the Varian RapidPlan software, be successfully shared

between centres?

This work is the first study specifically investigating the benefits of sharing RapidPlan data models

compared with creating centre specific models.

Chapter 5 of this thesis is published as ‘A comparison of in-house and shared RapidPlan models for prostate

radiation therapy planning’ in Physics and Engineering Sciences in Medicine in 2022 (164).
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Abstract

Knowledge-based planning (KBP) can increase plan quality, consistency and efficiency. In this study, we assess the success
of a using a publicly available KBP model compared with developing an in-house model for prostate cancer radiotherapy
using a single, commercially available treatment planning system based on the ability of the model to achieve the centre’s
planning goals. Two radiation oncology centres each created a prostate cancer KBP model using the Eclipse RapidPlan
software. These two models and a third publicly-available, shared model were tested at three centres in a retrospective plan-
ning study. The publicly-available model achieved lower rectum doses than the other two models. However, the planning-
target-volume (PTV) doses did not meet the local planning goals and the model could not be adjusted to correct this. As
a result, the plans most likely to satisfy local planning goals and requirements were created using an in-house model. For
centres without an existing in-house model, a model created by another centre with similar planning goals was found to be
preferred. Variations in local planning practices including contouring, treatment technique and planning goals can influence
the relative performance of KBP. The value of publicly available KBP models could be enhanced through standardisation
of planning goals and contouring guidelines, providing information related to the planning goals used to create the model
and increased flexibility to allow local adaptation of the KBP model.
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Introduction

Knowledge-based planning is a technique where knowl-
edge from historical planning data is combined with
patient anatomical information to inform achievable plan
quality for the individual patient. The introduction of
knowledge-based planning (KBP) for an automated, indi-
vidualised approach for optimising modulated radiother-
apy has been shown to increase plan quality and decrease
inter-planner variation [1, 2]. Its implementation into the
Eclipse treatment planning system, under the name Rapid-
Plan (Varian Oncology Systems, Palo Alto, Ca, USA) has
been validated in numerous studies [3—7]. RapidPlan uses
dose-volume histogram (DVH) predictions based on pre-
vious plans to create individualised optimisation criteria.

The New South Wales RapidPlan Consortium was
formed in late 2018 to investigate possible benefits which
could be gained through collaboration between cen-
tres using RapidPlan. Whilst multiple publications have
reported methods for optimising RapidPlan models for
local use, few publications have reported potential benefits
of model sharing across multiple institutes.

Schubert et al. [8], representing the German RapidPlan
Consortium, distributed a model from a single centre to
seven separate institutions and found that the model pro-
duced clinically acceptable plans at all centres. However, it
was postulated that further fine tuning of the model at the
local site may be beneficial given the differences between
institutions in terms of contouring, planning techniques and
planning goals. Ueda et al. [9] investigated the differences
between models produced independently at 5 institutions
and concluded that sharing models would require that the
plan designs used for the DVH estimate match those used
in the institution receiving the model. In contrast, rather
than sharing models, the Victorian Public Sector Rapid-
Plan Group created a prostate model jointly between eight
separate radiotherapy centres [10]. When comparing the
retrospective, manually produced plans with the Group-
model generated plans, they found a general improvement
in organ-at-risk doses and dose homogeneity. However,
they also found that the introduction of a common auto-
mated model did not reduce the range of OAR doses (ie the
minimum to maximum values) within each centre.

With the growing evidence of the benefits of using
RapidPlan, many centres are looking to implement KBP.
However, limited guidance on the best and most efficient
ways to do this is provided in the literature. To investigate
this, we designed a study to ask the following question:
Is it better to develop an in-house model, use an exter-
nally developed model or modify an externally developed
model? To answer this question, three centres evaluated
two locally generated models and one publically available
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model. Each centre used the models to generate plans for
a set of previously treated patients. Each centre evaluated
the generated plans according to their standard (in-house)
qualitative and quantitative planning goals.

Methods and materials

RapidPlan, implemented in the Eclipse Treatment Planning
System (Varian Oncology Systems, Palo Alto, USA), was
used for KBP model generation. For this study, three radia-
tion therapy centres were enrolled, referred to as Centre A,
B and C. Centre C had no prior KBP experience or local
models. They aimed to determine from this study if an exist-
ing model would satisfy their requirements or whether they
should instead create their own model. Centres A and B had
existing prostate models which were included in the testing,
referred to as Model A and Model B, respectively. Centres A
and B aimed to determine whether an external model would
better satisfy their planning requirements compared with
their in-house models.

In addition to the in-house models from Centres A and
B, the University of California, San Diego (UCSD) ‘UCSD
Prostate’ [11] model was included in the testing as an exam-
ple of a freely-available, shared model. Information regard-
ing the 3 models is given in Table 1. Model A and B both
include multiple target structures to allow the higher doses
to be constrained to the central portion of the planning target
volume (PTV).

At each of the three centres, 19-20 consecutive patients
were selected after excluding those who would not normally
be planned with a standard beam configuration, for example
patients with bi-lateral hip prostheses. Each centre planned
their selected cohort using each of the three KBP models.
Planners were asked to use the prescription dose, beam con-
figuration and energy they would normally use in their cen-
tre. All centres chose to plan using volumetric modulated arc
therapy (VMAT). Patients were planned with a single-click
optimisation with no adjustments made by the planner. Plans
were completed in Eclipse V13 using the AAA algorithm
(Centres A and B) or Eclipse V15 using the AXB dose-to-
medium algorithm (Centre C). In line with current practise
at each centre, Centre A plans used 10MV while plans at
Centres B and C used 6MV.

In addition to the three initial models, Centres A and B
created and applied an edited version of the UCSD model,
labelled as UCSD Edit. This new model was created by
adjusting the objectives, including both dose level and pri-
ority, in the UCSD model to better satisfy the planning goals
of those centres.

Dose volume histogram (DVH) data were then extracted
using the Eclipse Scripting API and compared to the
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I(a];’;fr:m?:ltsaﬂs of the initial Model Model A Model B ucsD
From Centre A Centre B Downloaded from UCSD
Version 13.7.16 13.6.23 13.6.23
Number of patients 92 41 105
Number of targets 2 3 1
OARs Bladder Bladder Bladder
Femoral heads Femoral heads Left femur
Rectum Rectum Right femur
Small bowel Rectum
Penile bulb
Intended use Intact prostate or prostate  Intact prostate + seminal Prostate, VMAT?
bed, VMAT technique vesicles, VMAT tech-
nique

“The intent of this model is not explicitly stated, however the model is named ‘Prostate’ and ‘2-arc VMAT’
is listed as the beam configuration

centres’ own prostate planning goals for each patient’s dose  definitive EBRT conventional high risk’ protocol [12] are
prescription. The planning goals of the three centres for a  listed for comparison. eviQ does not provide recommenda-
78 Gy prostate plan are presented in Table 2. In addition,  tions on target coverage. In addition to the values listed in
the planning goals from the eviQ ‘Prostate adenocarcinoma  Table 2, eviQ quotes planning goals from trial protocols.

Table 2 Prostate planning goals

Volume DVH value eviQ (12) Centre A Centre B Centre C
for 78 Gy prostate plans
CTV V100% >99% (>99%)
PTV V100% >99%
V95% >99% >99% >98%
Dlcc <107%
D2% <107%
D99% >100%
V107% <5%
Mean >102.4%
Mean <104.6 (104.4)%
Bladder V40 50% 50% 50%
V50 50% 50%
V55 50%
V65 25% 25%
V70 20% 30%
V78 5cm’
V80 0.1 cm®
Rectum V40 35% 50% 60% (50%) 35%
V60 35% 40% (35%)
V65 17% 25% 17%
V70 20% 25% (20%)
V75 10% 10% (15%) 5%
V78 2cm?
Femoral heads V30 60%
V35 100% 100%
V45 60%
V50 5% 5% 5%
V60 30%

Values in brackets indicate goals which are desirable but not required
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These have not been included as they often differ from the
eviQ recommendations. The eviQ protocol also includes
constraints for the penile bulb, small intestines and large
intestines. These are not listed as none of the centres in this
study contour these organ-at-risk (OAR) structures.

To allow comparison between the models as well as
between the centres, the following dosimetry parameters
were evaluated: PTV V95% and Dlcc, bladder V40Gy,
V50Gy and V65Gy, rectum V40Gy, V65Gy and V75Gy and
femoral heads V50Gy, where VxxGy refers to the volume
receiving xx in Gy. For these parameters, the mean values
for each centre were calculated and these data presented in
graphical format for comparison.

Statistical comparisons of the results were performed
using Matlab™ with an unpaired 2-sample t-test used where
P <0.05 indicates significance in the difference of the mean
values. The boxplots produced (Figs. 1, 2 and 3) to compare
results display the interquartile range as a blue box with the
median indicated by a red line and outliers shown as red
‘+’ symbols.

Each centre was asked to provide feedback regarding the
performance of the RapidPlan models and which model(s)
that centre intended to use in the future.

Results
Overall model performance

Considering the plans against all the local planning goals
at each centre, as shown in Table 3, all models gave similar
results. Centres A and C found Model A more likely to meet
the planning goals while the edited UCSD model resulted in
the highest proportion of planning goals met for Centre B.

PTV model performance

Model B meet a higher proportion of PTV planning goals at
Centres A and C, while the UCSD edit Model met the higher
proportion of PTV metrics at Centre B. Figure 1 compares
the PTV V95% and Dlcc data, showing the 3 centres and
the 3 or 4 different models used at each centre. Note that
the UCSD Edit models in the presented graphs are unique
to each centre based on the changes made by that centre.
At Centres B and C, all models generally achieved V95%
greater than 99%, whereas at Centre A, only the Models A
and B consistently achieved this objective. Comparing PTV
V95% between centres, the results from Centres B and C do
not show a significant difference between any of the models.
The Centre A data are significantly different from Centre C
for the UCSD model (P =0.007) and also from Centre B for
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Fig.1 a The volume of PTV receiving 95% of the prescription
dose (V95%) for the three centres (A, B, C) and for the four models
(Model A, Model B, UCSD and UCSD edit), shown as a percentage.
The cyan line indicates the eviQ acceptable level. b Percentage dose
received by 1 cc of PTV (Dlcc) for the three centres (A, B and C)
and for the four models (Centre A, Centre B, UCSD and UCSD edit)

Model A (P=0.048). Figure 1b shows the PTV Dlcc for all
centres. The 107% objective was meet by all plans. However,
all centres found the mean D1cc to be higher with Model B
(P<0.001).

OAR model performance

Model B achieved the lowest proportion of OAR planning
goals at all centres while Model A, the UCSD model and
the two UCSD edit models gave similar results. Figures 2
and 3 show the bladder and rectum V51.3% (equivalent
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Fig.2 The percentage of bladder receiving a dose of 51.3% or more
(equivalent to V40Gy for a 78 Gy prescription) for the three centres
(A, B, C) and for the four models (Centre A, Centre B, UCSD and
UCSD edit). The cyan line indicates the 78 Gy prostate eviQ accept-
able tolerance
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Fig.3 The percentage of rectum receiving a dose of 51.3% or more
(equivalent to V40Gy for a 78 Gy prescription) for the three centres
(A, B, C) and for the four models (Centre A, Centre B, UCSD and
UCSD edit). The cyan line indicates the 78 Gy prostate eviQ accept-
able tolerance

to V40Gy for a 78 Gy prescription) DVH information for
all centres and models. All models performed similarly
with regard to the bladder doses. However, the dose to the
rectum was lower with the UCSD model compared to both

Table 3 The average percentage of achieved local planning goals

Model A Model B UCSD UCSD edit
All local planning goals
Centre A 80+10% 72+13% 76 +9% 76+9%
Centre B 87+3% 87+3% 88+2% 94+6%
Centre C 92+10% 88+10% 86+5%
PTV local planning goals
Centre A 75+8% 99+6% 57+14% 57+14%
Centre B 66+4% 66+4% 65+5% 85+16%
Centre C 93+14% 97 +£10% 67+0%
OAR local planning goals
Centre A 81+13% 64+17% 82+10% 82+10%
Centre B 98+5% 98 +5% 100+0% 100+2%
Centre C 91+13% 84 +14% 94+7%

The values in the table are the average of the plans + 1 standard devia-
tion of these values

Models A and B (P <0.001 for both Models A and B at
Centres B and C and for Model B at Centre A).The UCSD
Edit models also produced lower rectum doses than Model
A and B. The increased rectal sparing of the UCSD model
can be seen in Fig. 4 where the 50% isodose line covers
less of the rectum posteriorly.

Centre A

Model A achieved the highest proportion of planning
goals at Centre A. While PTV planning objectives were
more likely to be meet by Model B, the lower performance
against the OAR planning objectives meant that this model
was unacceptable to Centre A. Conversely, the UCSD and
UCSD Edit models provided better rectal sparing and met
more of the planning goals but performed poorly against the
PTV planning goals.

It can be seen from Figs. 1, 2, 3 and 4 that UCSD edit
model managed to maintain the low rectal doses of the origi-
nal model. However, Centre A felt that the PTV V95% dose
coverage achieved was inferior, visible in Fig. 1, and they
were not able to remedy this.

They noted that the UCSD model achieved lower rectal
doses. Information about the plans used to create each model
is included in Table 4 in Appendix. These data show that
the mean rectum doses for the plans in the UCSD model are
lower than the plans Model A and Model B leading to lower
predicted DVH curves and a lower line dose optimisation
objective. In addition, the UCSD model, which included a
wider range of rectal volumes than those in Model A or B,
contained a number of upper objectives on the rectum which
were not present in Model A or B.
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Fig.4 The dose distribution
of a patient from Centre B
representative of the major-
ity of patients. PTV shown in
pink, CTV shown in orange,
50% isodose shown as orange,
100% isodose shown as cyan
and the colour wash indicating
95-107% dose. Top Left—
Model A. Top Right—Model B.
Bottom Left—UCSD. Bottom
Right—UCSD edit

The staff at Centre A found that the sharing of models
was beneficial and discussed all models in a multi-discipli-
nary meeting. They chose to continue improving their in-
house model (Model A) informed by the results of this study.

Centre B

For Centre B, the UCSD edit model achieved the PTV and
OAR planning objectives more consistently than any of
the other models performed. Despite this, Centre B did not
select to use this model clinically.

Centre B is the only centre with a mean PTV dose goal.
While the UCSD edit model satisfied more of the PTV plan-
ning goals than the other models, this particular goal was
not satisfied for any patients using the UCSD and the UCSD
Edit Models. In comparison, Model B achieved this objec-
tive for 95% of patients and Model A achieved this objec-
tive for 50% of patients. It is possible that renormalising the
plans could have resulted in more plans satisfying this plan-
ning goal while still achieving better OAR doses. However,
the planner at Centre B also noted that the global maximum
dose with the UCSD and UCSD edit models was often out-
side the CTV (seen in 95% of plans using the UCSD model
and 90% of plans using the UCSD edit model). While not a
documented planning goal, the planner preferred the maxi-
mum dose to be in the CTV and this was achieved more
often with the model developed in their own centre, Model
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B, with only 15% of plans using Model B having a global
maximum dose outside the CTV. For Model A, which also
uses multiple target structures, 75% of plans had the maxi-
mum dose outside the CTV.

Centre C

Model A achieved the most local planning goals at Centre C.
The UCSD model fared poorly on the PTV planning goals and
Model B was not able to satisfy as many OAR goals as Model A.

Based on their experience with the three models, Cen-
tre C expected that Model A would be the best model to
adopt as their planning goals aligned better with Centre A,
compared with Centre B. A lack of physics resources meant
that the implementation of Model A was delayed and dur-
ing this time an in-house model was developed by planning
staff which was eventually implemented. The building of the
in-house RapidPlan model at Centre C was informed by the
other 3 models and hence participating in this project was
considered beneficial.

Centre C reported that the sharing of models allowed
them to become familiar with the software and to build a
set of prostate plans to use in their own model. One of the
main challenges at Centre C was finding agreement between
their oncologists on the planning goals they should aim for.
Centre C have implemented RapidPlan models for other
treatment sites following this work.
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Discussion

Creating a RapidPlan model requires multiple good quality
treatment plans. Using an externally generated model has
the potential to produce superior plans while reducing the
repetition of work already performed by others. This study
investigates this further by comparing in-house RapidPlan
models with externally developed models. Our results, from
both centres A and B, show that their in-house models pro-
duce plans which are more likely to satisfy the local plan-
ning goals compared to externally produced models. This is
not surprising given these models were specifically created
with the planning goals of their centres in mind.

However, the assessment of models based on the perfor-
mance of plans against local planning goals was incomplete.
This style of assessment failed to highlight the reductions in
rectal dose achieved by the UCSD model and other consid-
erations such as location of global maximum dose.

Knowledge-based planning, as implemented in Rapid-
Plan, aims to predict the optimal OAR DVHs and, based on
these, set realistic optimisation criteria. As the UCSD model
creates plans with lower rectal doses, it could be argued that
this is the model which should be adopted for planning at the
three centres. However, it may be that the lower rectal dose
predictions given by this model are not compatible with the
PTV requirements of the centres involved and, even with
editing, the UCSD model could not produce plans clinically
acceptable at the centres.

The failure of either Centre A and B to create a satisfac-
tory model from the UCSD model may indicate adjustment
of a model created with different aims is limited. Conse-
quently, the centres may be biased towards their own in-
house models and were not invested in further developing
the external model.

Also, the adjustments to the UCSD model were limited
by the single target structure used in this model. While addi-
tional target structures can be added to a model for each
patient, the addition of an extra target by default for all
patients invalidates the model within Eclipse and renders
it unusable. All centres in this study found the PTV doses
from the UCSD model were unsatisfactory and, without
additional control provided by an extra target structure, were
not able to adjust the model to produce satisfactory plans.

The lower rectal doses achieved with the UCSD model
indicate a potential for improvement of the in-house models.
Utilising additional fixed objectives on the rectum, when
producing plans in the future, may produce lower rectal
DVH curves. New iterations of models using plans with
lower rectal DVH curves would lead to lower model pre-
dicted DVH curves and the production of plans with lower
rectal doses.

While the in-house models were selected for use by all
centres, these results may not be true for other compari-
sons where the shared model is better suited to the centre
involved and to customisation. In addition, situations exist
where generating a local model may not be feasible e.g. if
patient numbers are low or planning practises have recently
changed (ie. using a new planning system or changing from
an IMRT to VMAT technique).

This study has highlighted the differing planning goals
which exist between centres but the data also shows that the
same model can give different results at different centres.
Our results show that, for all models, the bladder doses are
lower at Centre C, that the rectum doses are higher at Centre
B and that PTV coverage is lower at Centre A. The differ-
ences observed could be caused by differences in contours
or differences in planning techniques. As all centres chose
to use a 2-arc planning technique, this is unlikely to be the
cause. Centres B and C used 6MV whereas Centre A used
10MV. This may contribute to the higher rectum doses at
Centre B but higher doses were not seen at Centre C using
the same energy, and this does not explain the lower blad-
der doses at Centre C or lower PTV coverage at Centre A.
A review of the rectal contouring guidelines at the three
centres shows that these are not well documented at Cen-
tre B. This may be contributing to the higher rectal doses.
Additionally, the patients’ prostate size as well as bladder
and bowel preparation may also differ which could result in
differing OAR and PTV contours.

While the shared models were not implemented clinically
by the centres involve in this investigation, benefits were
seen from the assessment of different models. All centres
were able to benchmark in-house models against external
models, determine areas of potential improvement for future
model creation and learn by viewing the objectives set in
other models.

Based on this work, an option to improve the success for
future sharing of RapidPlan models and similar collaborative
efforts is to work towards better agreement between cen-
tres, whereby planning goals and contouring guidelines are
unified, prior to attempting to create a model. This option
has several advantages in that it would incorporate external
review of planning goals between centres, promote collabo-
ration and discussion between centres and simplifies the task
of creating a satisfactory model. This approach has been
used successfully to create regional models in Germany and
Victoria [8, 10]. In the Victorian model, plans from all cen-
tres were included in the creation of the model. This should
ensure that the geometric range of patients at all centres
is included. However, these models may need to exclude
patient cohorts where systematic differences exist between
target and OAR segmentations (eg potentially stratifying
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patients by use SpaceOAR gel to increase the space between
the posterior prostate and rectum). When planning aims
are agreed a-priori, for example in the context of a clinical
trial, a share RapidPlan model has the potential to harmo-
nise plan quality between centres and improve trial protocol
compliance.

It has been seen in this study that considering only prede-
fined planning metrics (i.e. DVH planning constraints) is not
the only method used to assess plan quality. Even with prior
agreement on planning goals, additional organ sparing fol-
lowing the as-low-as-reasonably-achievable (ALARA) [13]
principal or improved PTV coverage may be achievable.
The relative prioritisation and importance of these potential
improvements may differ between radiation oncologists.

The success of sharing of RapidPlan models could be
further improved by ensuring planning goals contained in
the model are defined, and flexibility is built within the
model. These features would allow wider sharing of models
and would not require agreement or discussion prior to the
creation of models. Centres could select a model which is
most likely to align with their planning priorities and adapt
this model in response to future changes in practice. In the
specific context of RapidPlan, ensuring flexibly in shared
models would mean including multiple PTV structures and
a wide range of OAR structures to allow for the variation
in planning goals between centres. This option would still
require DVH predictions to be achievable in addition to the
other added constraints, and hence all models need to be
validated at the local level prior to clinical implementation.

A limitation of this study is that it only considered pros-
tate radiotherapy. However, a comparison between an in-
house created model and available shared models is likely
to be beneficial for all treatment sites and ensure to best
available RapidPlan model is used. Where the creation of an
in-house model is not practical a flexible, shared model from
a centre with similar planning goals is likely to be beneficial.
However, internal testing and adjustment of the model are
likely to still be required.
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Conclusions

When comparing radiotherapy plans generated using an
in-house model with an externally generated model, it was
found that the in-house model would most likely achieve
the local planning goals and satisfy the requirements of the
radiation oncologist. When an in-house model is not avail-
able, the model most likely to be considered acceptable is a
model that has been created by a centre with similar plan-
ning goals. While the UCSD prostate model was found to
achieve the lowest rectal doses, a lack of flexibility in adjust-
ing the model meant that it could not provide plans which
were satisfactory to any of the centres.

Participating in a comparison of RapidPlan models was
found to be beneficial for the centres involved, even when
the centre chose not to adopt the new models for patient
planning. Where possible, centres should consider a range
of RapidPlan models to find the model that best suits their
needs.

When developing RapidPlan models for sharing or for
internal use, models should be designed to be flexible, in
particular, multiple target structures should be included
as well as all available OAR structures. This allows more
adjustment of the model where additional boost regions or
additional OAR limitations are required. Model documenta-
tion should include details of the planning goals and beam
arrangements of the plans used to create the model. This
allows centres to select the most compatible models and then
adapted these models to different planning constraints or
techniques. The success of shared RapidPlan models may
be increased through standardisation of planning goals and
contouring guidelines as this will ensure more consistently
DVH predictions.

Appendix

See Table 4
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Table 4 Data from the three
models from the Varian Model

Analytics program showing
the optimisation objectives PTV
as well as minimum (min),

mean, maximum (max) and

standard deviation for the

target and organs-at-risk

both volumetrically and

dosimetrically

CTV or PTV inner

Bladder

Femur_L/Femur_R
Femoral Heads

Penile Bulb

Rectum

Input plan data
Number of Targets
Number of OARs
Total number of plans

Targets

OARS

D100%>101%
Priority 160

V99% < 0%
Priority 90

Line
Priority 60

Line
Priority 60

V99% < 0%
Priority 90

Line
Priority 60

2
3

93

CTV
PTV_High

Bladder
Rectum

Femoral Heads

D95% < 100%
Priority 0*
D0% < 106.5%
Priority 140
D15% < 105%
Priority 90
D100% > 103%
Priority 130

V103.5% < 0%
Priority 120

Line
Priority 65

V102% < 0%
Priority 80

Line GP

3

3

41

PTV inner
PTV optimise
PTV low
Bladder
Rectum

Femoral Heads

Model A Model B UCSD
Optimisation objectives
D10% < 102%
Priority 100
D0% < 104% D0% < 102.5% D0% < 103%
Priority 150 Priority 110 Priority 150
D100% > 98% D100% > 100% D100% >97%
Priority 140 Priority 130 Priority 150
D98% > 100%

Priority 150

VI95% <GV
Priority 80
V50% <GV
Priority 80
V25% <GV
Priority 30
Line GP

Line GP

Line GP

V100% < 0%
Priority 150

V95% <GV
Priority 100
V75% <GV
Priority 90
V50% <GV
Priority 90
V25% <GV
Priority 80
V10% <GV
Priority 50
Line
Priority 70

105
PTV

Bladder
Rectum
Femur_L
Femur_R
Penilebulb
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Table 4 (continued)

Model A Model B UCSD
PTV Target PTV_High PTV optimise PTV
Volumetric [cm?]
Min 70.39 7.44 44.55
Max 402.73 462.92 387.32
Mean 163.93 197.45 135.54
Std 70.46 82.42 53.33
Mean Dose [Gy]
Min 32.59 45.07 9.15
Max 79.59 80.77 83.71
Mean 67.25 76.83 55.37
Std 8.24 7.83 26.17
Mean Dose [%]
Min 99.32 101.89 101.08
Max 102.77 103.55 103.56
Mean 101.09 102.67 101.86
Std 0.67 0.44 0.47
Central Target CTV PTV inner
Volumetric [cm?]
Min 17.95 22.23
Max 146.62 191.43
Mean 54.59 69.47
Std 21.50 37.21
Mean Dose [Gy]
Min 32.87 45.76
Max 80.41 81.36
Mean 68.17 77.52
Std 8.40 8.11
Mean Dose [%]
Min 101.35 95.42
Max 104.28 104.31
Mean 102.46 102.98
Std 0.64 1.42
Bladder
Volumetric
Total min [cm’] 68.71 42.24 76.72
In-field min [cm?] 30.11 17.49 55.26
In-field min [%] 19.57 33.72 16.43
Out-of-field min [cm®] 0 0 0
Out-of-field min [%] 0 0 0
Overlap with target min [cm®] 1.84 2.61 29
Overlap with target min [%] 1.04 2.88 1.16
Total max [cm’] 632.26 546.2 685.52
In-field max [cm®] 261.84 358.76 555.6
In-field max [%] 87.25 94.93 94.15
Out-of-field max [cm®] 249.11 162.08 437.94
Out-of-field max [%] 522 45.37 66.49
Overlap with target max [cm?] 137.44 65.46 42.64
Overlap with target max [%] 60.63 66.28 22.7
Total mean [cm’] 236.83 192.06 265.39
In-field mean [cm®] 112.08 133.92 145.72
In-field mean [%] 53.23 71.2 60.75
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Table 4 (continued)

Model A Model B UCSD
Out-of-field mean [cm?] 412 26.95 50.41
Out-of-field mean [%] 11.77 10.5 13.25
Overlap with target mean [cm’] 24.4 20.56 13.04
Overlap with target mean [%] 12.04 13.8 5.67
Total std [cm?] 125.16 105.86 142.72
In-field std [cm®] 43.56 69.86 71.01
In-field std [%] 18.12 13.92 19.45
Out-of-field std [cm’] 64.59 40.20 88.80
Out-of-field std [%] 15.52 12.94 17.53
Overlap std [cm?] 22.47 12.17 8.95
Overlap std [%] 10.51 11.93 3.99
Mean Dose [Gy]
Min 7.12 16.25 1.59
Max 58.99 60.66 40.51
Mean 26.10 38.23 16.93
Std 13.05 11.58 10.85
Mean Dose [%]
Min 11.89 20.84 7.39
Max 89.38 81.97 55.77
Mean 38.92 50.99 29.83
Std 18.26 14.78 11.25
Rectum
Volumetric
Total min [cm?] 27.65 34.36 34.27
In-field min [cm?] 21.76 28.31 19.47
In-field min [%] 61.59 63.95 37.76
Out-of-field min [cm?] 0 0 0
Out-of-field min [%] 0 0 0
Overlap with target min [cm?] 0 0.22 0
Overlap with target min [%] 0 0.44 0
Total max [cm®] 111.58 145.84 226.16
In-field max [cm®] 1014 108.79 134.92
In-field max [%] 97.79 94.83 98.35
Out-of-field max [cm’] 8.51 38.55 81.98
Out-of-field max [%] 18.67 26.44 46.33
Overlap with target max [cm?] 13.87 23.86 8.99
Overlap with target max [%] 22.25 29.98 12.61
Total mean [cm’] 56.19 69.68 74
In-field mean [cm?] 47.53 57.07 55.92
In-field mean [%] 84.82 83.41 78.22
Out-of-field mean [cm?] 0.36 4.24 6.28
Out-of-field mean [%] 0.57 4.73 6.47
Overlap with target mean [cm®] 4.85 6.5 2.76
Overlap with target mean [%] 8.6 9.46 3.97
Total std [cm®] 18.3 27.57 31.6
In-field std [cm?] 15.92 20.26 20.44
In-field std [%] 6.89 8.94 13.93
Out-of-field std [cm®] 1.39 8.37 13.58
Out-of-field std [%] 2.35 6.82 9.65
Overlap std [em?] 3.24 43 1.75
Overlap std [%] 5.25 5.63 2.49
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Table 4 (continued)
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Model A Model B UCSD
Mean Dose [Gy]
Min 18.59 18.75 3.7
Max 44 48.63 36.24
Mean 32.43 42.44 19.02
Std 6.73 5.58 10.06
Mean Dose [%]
Min 30.99 42.62 16.83
Max 66.01 70.2 48.58
Mean 48.64 56.2 34.27
Std 8.3 5.75 6.84
Femoral Heads/Femur Left, Right
Volumetric
Total min [cm?] 50.41 113.12 46.38, 46.26
In-field min [cm?] 41.42 102.78 32.17,31.71
In-field min [%] 57.38 59.55 48.84,49.37
Out-of-field min [cm’] 0 0 0,0
Out-of-field min [%] 0 0 0,0
Overlap with target min [cm’] 0 0 0,0
Overlap with target min [%] 0 0 0,0
Total max [cm’] 120.6 291.3 269.29, 266.21
In-field max [cm®] 120.52 271.62 196.92,211.32
In-field max [%] 100 100 100, 100
Out-of-field max [cm’] 15.76 47.5 73.47,75.49
Out-of-field max [%] 16.47 26.21 27.28, 28.36
Overlap with target max [cm?] 0 0 0,0
Overlap with target max [%] 0 0 0,0
Total mean [cm?’] 77.94 177.92 69.02, 69.85
In-field mean [cm?] 74.63 147.54 63.87, 64.8
In-field mean [%] 95.97 83.39 94.49, 94.63
Out-of-field mean [cm?] 0.51 8.57 2.29,2.14
Out-of-field mean [%] 0.58 4.53 1.54,1.41
Overlap with target mean [cm?] 0 0 0,0
Overlap with target mean [%] 0 0 0,0
Total std [cm’] 14.88 274 35.91,35.1
In-field std [cm®] 15.05 23.08 26.65, 26.06
In-field std [%] 8.56 8.47 10.53, 10.54
Out-of-field std [cm?] 1.95 10.69 10.79, 10.74
Out-of-field std [%] 2.25 5.37 5.29,5.05
Overlap std [em?] 0 0 0,0
Overlap std [%] 0 0 0,0
Mean Dose [Gy]
Min 4.85 5.18 1.32,1.17
Max 32.57 29.25 27.99, 24.05
Mean 17.58 17.17 12.03, 11.95
Std 6.17 4.61 7.36,7.27
Mean Dose [%]
Min 7.39 6.64 5.21,3.28
Max 49.34 38.53 35.74, 32.85
Mean 26.37 23.19 21.88,21.75
Std 8.54 6.52 6.99, 6.94

G generated, D dose, V volume, P priority

4Objective affects normal tissue objective
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5.3 POSTAMBLE

This chapter aimed to address Research Question 3 by assessing the benefits of sharing knowledge-based

planning models between NSW radiation oncology centres.

Research Question 3:
Can knowledge-based planning models, created using the Varian RapidPlan software, be successfully

shared between centres?

Key Findings from this Chapter:
- While centre-specific ‘in-house’ models were more likely to produce clinically acceptable plans,
there was potential to use shared models where in-house models cannot be created.
- The process of sharing allowed for internal benchmarking and identified potential areas for
improvement.
- The creation of multi-centre consensus models would require collaborative replanning. Such

models could be used for benchmarking plan quality

Summary:
Sharing the implementation of technology has the potential to increase uptake and use but limitations

may exist.

This work established both bartiers to successful collaboration but also identified areas where collaboration
would be most beneficial to enhance the speed of the implementation of this new technology and,
potentially, the quality of radiation therapy plans produced. Based on the findings of this chapter, the
consortium focused its efforts on creating shared models for less common treatment sites, for which many
centres would not be able to create their own models. COVID-19, a lack of empowerment amongst NSW
radiation oncology staff and the responsibilities and obligations associated with sharing have meant that no

models have yet been shared through the NSW RapidPlan Consortium.

While the majority of the work in this chapter was not affected by the COVID-19 pandemic, continued
work with the NSW RapidPlan Consortium was not possible as in-person meetings could not occur, not
yet been replaced by online meetings, and the priorities and workload of hospital employees changed,

allowing less time for quality improvement projects.

Following this work, Chapters 6 and 8 consider alternative approaches to collaboration and sharing.
Chapter 8 specifically addresses the issues of responsibility as a barrier to sharing. This project allows for a

much broader range of shared resources and assesses the utilisation of these shared resources.
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CHAPTER 6

A Knowledge-Sharing Workshop on Motion Management

6.1 PREAMBLE

Chapter 3 demonstrated that the rate at which SABR was implemented across NSW centres varied, with
regional centres more likely to delay clinical roll-out. That work highlighted the need for improved
knowledge transfer and inter-centre support, and the desire to improve motion management for SABR

treatments amongst survey participants.

One potential way to address these and similar issues is through online workshops focused on new
technology or techniques, as the need arises. This chapter describes the outcomes from a workshop that
was designed to share knowledge about motion management in the treatment of moving targets. The online
workshop was run in 2022 as a collaboration between the ACPSEM and the University of Sydney. It was
multi-disciplinary and focused on motion management in radiation oncology. The outcomes of this study
were informed by the workshop activities and the accompanying questionnaires, which examined current

motion management practice in Australia and New Zealand and the impact of the workshop.

This chapter addresses research question:

e  What is the current usage of radiation therapy motion management in Australia and New Zealand
and what benefits can be gained by running a workshop focused on motion management

techniques?

Chapter 6 of this thesis is published as ‘Improving motion management in radiation therapy: findings from
a workshop and survey in Australia and New Zealand’ in Physics and Engineering Sciences in Medicine in

2024 (165).

6.2 PUBLICATION 4

Improving motion management in radiation therapy: findings from a workshop and survey in

Australia and New Zealand
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Abstract

Motion management has become an integral part of radiation therapy. Multiple approaches to motion management have been
reported in the literature. To allow the sharing of experiences on current practice and emerging technology, the University
of Sydney and the New South Wales/Australian Capital Territory branch of the Australasian College of Physical Scientists
and Engineers in Medicine (ACPSEM) held a two-day motion management workshop. To inform the workshop program,
participants were invited to complete a survey prior to the workshop on current use of motion management techniques
and their opinion on the effectiveness of each approach. A post-workshop survey was also conducted, designed to capture
changes in opinion as a result of workshop participation. The online workshop was the most well attended ever hosted by
the ACPSEM, with over 300 participants and a response to the pre-workshop survey was received from at least 60% of the
radiation therapy centres in Australia and New Zealand. Motion management is extensively used in the region with use of
deep inspiration breath-hold (DIBH) reported by 98% of centres for left-sided breast treatments and 91% for at least some
right-sided breast treatments. Surface guided radiation therapy (SGRT) was the most popular session at the workshop and
survey results showed that the use of SGRT is likely to increase. The workshop provided an excellent opportunity for the
exchange of knowledge and experience, with most survey respondents indicating that their participation would lead to
improvements in the quality of delivery of treatments at their centres.

Keywords Motion management - Australia - New Zealand - Australasia - Workshop - Survey

< Elizabeth Claridge Mackonis

Introduction
ecla2009 @uni.sydney.edu.au

Strategies to control, limit or correct for the motion of targets
and organs-at-risk (OAR) during radiation therapy can be
broadly considered as motion management. While motion
management is often focused on respiratory motion, it may
also be applied to digestive, cardiac and other physiological
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motion [1].

Motion management in the form of deep inspiration
breath-hold (DIBH) has been shown to reduce cardiac tox-
icity for breast radiation therapy patients [2]. As a result,
this technique is recommended for left-sided breast radiation
therapy patients and is widely utilised [3, 4].

Motion management using techniques such as gating and
breath-hold is used in other thoracic and upper abdominal
treatments to minimise tumour motion and associated tar-
get margins, to spare adjacent OARs. This is particularly
pertinent in stereotactic ablative body radiotherapy (SBRT),
where escalated target doses are used. The use of SBRT is
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increasing in Australia [5] and it is recognized as an emerg-
ing standard of care for a range of early stage or metastatic
cancers in the thorax and upper abdomen [6—8]. Manage-
ment of respiratory motion has come to be recognized as a
key requirement for these treatments [9, 10].

With the uptake of various methods of motion manage-
ment increasing, the NSW/ACT branch of the ACPSEM
collaborated with the University of Sydney to host a two-
day workshop on motion management. The workshop was
designed to identify and communicate emerging trends, and
to facilitate the sharing of practical experience. To address
these aims, the workshop invited speakers to present an over-
view of their experience in using a range of motion manage-
ment equipment and techniques, including the advantages
and disadvantages. In addition, radiation therapy centres
were surveyed to identify equipment and methods currently
in use and opinions on their effectiveness. Following the
workshop, participants were again surveyed to identify any
changes in opinion resulting from the information and panel
discussions presented.

Here we present an executive summary of the motion
management techniques that were in common use at the time
of the workshop and the opinions of the participants regard-
ing the practical advantages and limitations of each. This
summary is intended to promote further discussion across
the community.

Method

The workshop was hosted virtually on the 27th and 28th
of July 2022, in two 5 h sessions. This format was chosen
to facilitate participation from the ACPSEM membership
around clinical duties, and mitigate difficulties associated
with travel required for in-person meetings. Invitations to
the workshop were sent via the ACPSEM email list, the
Australian Society of Medical Imaging and Radiation Ther-
apy (ASMIRT) NSW/ACT email list and the University
of Sydney, Institute of Medical Physics email list, and the
event was advertised on the ACPSEM website, on the Bet-
ter Healthcare Technology Foundation website, on social
media and in the ACPSEM newsletter.

The program was devised by an organizing committee of
experienced radiation oncology medical physicists with top-
ics covered in Table 1. To ensure broad applicability, invited
speakers with experience using a diverse range of motion man-
agement equipment and techniques were selected from radia-
tion therapy centres around Australia. They were encouraged
to focus on the practicalities and limitations of specific motion
management techniques, as well as the underlying principles.
The program included dedicated time for discussion and facili-
tated questions using the online chat.

@ Springer

Table 1 Summary of the topics covered in the workshop

The current use of motion management

Motion management aspects of simulation and planning
Surface guided monitoring

Imaging and monitoring on treatment

Practical experience of radiation oncology centres in NSW/ACT
Motion management for clinical trial

Motion management into the future

Three online surveys were developed using Survey Mon-
key (www.surveymonkey.com) to accompany the workshop: a
current practice survey (Survey A), an initial opinions survey
(Survey B), and a post-workshop opinions survey (Survey C).
Survey A was targeted at clinical departments at an organi-
zational level, focused on the utilisation of motion manage-
ment and availability of equipment for motion management. In
contrast, Surveys B and C were aimed at gaining the opinions
of individuals prior to and following the workshop to look at
differences and determine if the workshop changed individu-
al’s opinions on different topics. The survey questions were
developed collaboratively by the organizing committee and
are shown in Appendix 1. Surveys A and B were sent with the
invitation to register for the workshop and Survey C was sent
to all registered participants following the workshop.

All survey responses were collected anonymously.
Respondents were asked to nominate a single representa-
tive from their centre to complete Survey A, and to indicate
the name of their centre, to avoid duplication of data. This
information was not used in the analysis. The surveys utilised
logic to remove or skip irrelevant questions based on previ-
ous responses, thereby minimizing the time for respondents,
and preventing the collection of unneeded data. Due to this
logic filtering, some questions only received a small num-
ber of responses. To ensure anonymity, only questions with
5 or greater responses are reported. Analysis was performed
using Microsoft Excel (Microsoft Corporation. (2018) Ver-
sion 2301).

Results

The online workshop attracted over 300 participants (the
most well attended workshop ever hosted by the ACPSEM
at the time), demonstrating a high level of interest in motion
management. While time was allocated for discussion and
questions, it was often insufficient to answer all the questions
from attendees.

The results from Survey C indicated 54% of survey
respondents felt that the workshop did change their opinions
about motion management and 83% felt that, as a result of
attending the workshop, changes could be made at their cen-
tre to improve treatment quality (Survey C, 24 responses).
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At the workshop conclusion, the session on surface guided
radiation therapy (SGRT) was rated the most valuable (Sur-
vey C, 24 responses).

Several questions were repeated in both Survey B and
Survey C in order to measure the effect of the workshop on
opinions. Only small differences were seen in the responses
to these questions, so they did not provide quantitative evi-
dence that the workshop had an impact on participants’
opinions.

High response rates were received to both Survey A and
B. Survey A received 66 responses, each representing a
separate radiation therapy centre. Of these, 3 respondents
indicated that they do not currently work in a radiation ther-
apy centre and 4 people choose not to list their workplace.
All workplaces were unique locations and from Australia
or New Zealand. This represents a response rate of at least
60% of the 99 radiation therapy centres in Australia and
New Zealand [11, 12]. For Survey B, 97 responses were
received with the largest number of responses from radiation
oncology medical physicists (83%) with 14% from radiation
therapists and 3% from radiation oncologists. For Survey

Table 2 Responses to “Does

. Site Responses (%)
your department use motion
management for any of the Breast 94
o i
following sites?”” 66 responses Lung 91
recorded
Liver 56
Prostate 44
Pancreas 33
Kidney 30

Does your department use breath-hold and beam-gating
techniques for breast patients (who are able to breath-hold)?

100%

90%

80%

70%

60%

50%

40%

30%

20%

10%

0%

Left-Sided Breast Right Sided Breast

M Yes - asstandard @ Only for some patients O No

C, 33 responses were received, all from radiation oncology
medical physicists.

Deep inspiration breath-hold and surface guided
radiation therapy

Motion management is most commonly used for breast
treatments (Table 2, Survey A) with 98% of centres using
breath-hold and beam gating treatment delivery for left-
sided breast treatments and 91% considering it as standard
practice (Fig. 1). This technique is also commonly used for
right-sided breast treatments with 91% of centres using this
form of motion management for at least some right-sided
breast radiation therapy patients. These results are higher
than those reported in international studies such at the POP-
ART RT survey conducted by ESTRO in 2019 [13] where
63% of respondents indicated that deep inspiration breath-
hold (DIBH) was used for breast cancer at their centre, and
the AAPM Task Group 324 survey in 2020 [14] where 84%
of respondents indicated the use DIBH for left-sided breast
radiation therapy.

With the expansion of DIBH, many questions at the work-
shop were focused on the practicalities of providing this
service, such as infection risks and consumable costs for a
range of technologies. These concerns have led some centres
to move from using semi-invasive active breathing control
systems to SGRT systems for breath-hold gating. This shift
in practice was also evident in survey A that showed 25% of
centres are using SGRT for motion management, with 40%
indicating that such an approach was currently being pro-
cured, implemented, or was being considered for the future

Which of the following motion management techniques are
currently used by the department for SBRT treatments?
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Fig.1 (Left) Application of breath-hold and beam-gating for breast patients by laterality (Survey A, 56 responses). (Right) Methods of motion
management by site for SBRT (Survey A, 42 responses), responses only from centres treating SBRT for these sites
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(Survey A, 48 responses). Compared to the recent SGRT
survey results from Batista et al. [15], an international sur-
vey, where 49% of institutions were using SGRT clinically,
the lower usage locally shows the potential for future growth.

The panelists at the SGRT session agreed that surface
guidance is unlikely to replace x-ray based positional veri-
fication imaging. However, by allowing better initial patient
positioning and on-going monitoring, it has the potential
to reduce the number of x-ray images taken and to reduce
setup times once the staff become familiar with the system.
Panelists discussed the steep learning curve and the need to
ensure radiation therapist training and credentialing is incor-
porated into implementation planning to ensure efficient and
accurate patient treatment.

Patient focused motion management

Many of the workshop presentations demonstrated the clear
benefits of motion management for patients resulting from
the reduced dose to OARs, but discussion also indicated that
it is important to consider the needs of the individual patient
to ensure the motion management approach used is appropri-
ate [16]. For example, some patients feel more comfortable
in voluntary breath-hold compared with active breath-hold,
but if an SGRT based system is used to monitor the breath-
hold, this may lead to different issues, as some patients may
not wish to be uncovered for treatment. Another comment
regarded the sensitivity around marketing of motion man-
agement, since patients may feel disappointed, or concerned
about the quality of their treatment if they are assessed to be
unsuitable for breath-hold or another motion management
technique.

When deciding on a motion management strategy, 87%
of centres stated that they perform some form of patient
screening to assess suitability. Breathing assessments were
performed at simulation at 83% of all centres (Survey A,
46 responses), motion assessments were performed at
simulation at 94% of all centres (Survey A, 46 responses)
and patient breathing assessments were performed prior to
simulation at 42% of all centres (Survey A, 40 responses).
Screening of patients was considered to be important or very
important by 96% of respondents (Survey B, 57 responses).
Breathing assessments are most commonly performed using
the Varian RPM (Varian Medical Systems, Palo Alto, CA,
USA) system (Survey A, 67% of 43 responses) and target
motion assessments are most often based on the treatment
planning CT images (Survey A, 83% of 40 responses).

During the workshop, presenters showed tools used for
determining the appropriate motion management tech-
nique for each patient, similar to the decision tree shown in
a recent publication from a large Australian cancer centre
[17]. For this institution, abdominal compression is only
selected if exhale breath-hold and free-breathing gating are
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not suitable, and where it reduces liver dome motion. This
results in only 20% of patients being treated with abdomi-
nal compression. For smaller centres, such a proportion of
patients may be too small to justify the continued use of
abdominal compression as staff skill and knowledge would
be difficult to maintain.

Practicalities

The workshop featured a session on the experiences of radia-
tion oncology centres in NSW/ACT. This provided infor-
mation on the full range of motion management techniques
currently in use as well as the opportunity to discuss practi-
cal considerations such as the additional on-going cost or
time required for particular motion management techniques,
infection control considerations, contingency plans to allow
patients to continue treatment in the case of breakdown and
the potential burden of additional quality assurance require-
ments for new motion management equipment.

Survey C asked participants if any motion management
techniques had once been used in their department but were
now superseded. Abdominal compression, visual feedback
and gating were all noted, with abdominal compression the
most popular response (55%, 21 responses).

The additional burden of quality assurance should be
assessed against the value to the patient, and incorporated
into staffing models. An example of this additional quality
assurance is end-to-end testing of motion management sys-
tems. The majority of those surveyed felt this testing should
be performed at commissioning, post-upgrade and annually
(Fig. 2, Survey B).

SBRT

With motion management an integral part of SBRT, many
of the presentations and much of the discussion at the work-
shop addressed this treatment technique. Discussion was
focused on two main areas, motion management for free-
breathing patients and for patients treated in breath-hold
with gating. Both techniques are commonly used, with 95%
of centres using either a free-breathing gated technique or
internal target volume (ITV)-based planning for lung SBRT
patients and 70% of centres using a breath-hold technique
for liver SBRT patients (Fig. 1, Survey A, as a percentage
of centres treating with these techniques).

For both free-breathing and breath-hold treatments, work-
shop attendees were interested in which images should be
used for the dose calculation. The advice from the workshop
panelists aligns with previous published work, that small
changes in the CT data set due to tumour position make lit-
tle difference to the plan dosimetrically [18]. However, it is
important to consider which image is more appropriate to
be matched to the CBCT or 4DCBCT image on treatment.
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When should end-to-end testing of motion management techniques be
performed?

100%
90%
80%
70%
60%
50%
40% |
30%

20% |
| =
0% T T T .

Annually At At Monthly Not Other
commissioning upgrades sure

Fig.2 Opinions on the need for end-to-end testing of motion manage-
ment techniques (55 responses)

An example was provided for breath-hold treatments, where
three or more breath-hold CT data sets may be used to create
an ITV, acquired for the purpose of quantitating uncertainty
in target position during breath-hold, with the most appro-
priate image the one showing the median tumour position.
Another challenge identified at the workshop is matching of
CBCT images to planning images. This can be difficult due
to artifacts caused by fiducial markers or clips in the CBCT
and differing methods of reconstruction and binning between
the planning CT and the CBCT. The relevance of markers
distant from the tumour was also questioned given recent
publications [19].

Free-breathing motion management

Motion management for free-breathing patients starts at
simulation with acquisition of a 4DCT. Workshop partici-
pants were interested in the options available if a patient
is breathing too slow, too fast or in an irregular way such
that the image acquired are unreliable or technically can’t be
acquired. Several options were discussed including coach-
ing the patient to breath differently at simulation with the

How is the ITV created?
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potential draw back that the patient’s breathing may not be
the same at treatment. Monitoring breathing traces and using
gating, either with a wide window around the patient’s nor-
mal breathing amplitude or focused around a part of the
breathing cycle, were discussed as options that some centres
have found help to ensure the target stays within the targeted
region at treatment.

Practical issues associated with free breathing motion
management were highlighted during the workshop. For
example, that the tumour may not be completely visible on
all phases of the 4DCT and that a review of the images is
required to ensure the ITV is not compromised. This was
also seen in Survey A where 98% of respondents agreed
that 4DCT images require review due to the potential for
compromised 4DCT imaging data (55 responses). A sum-
mary of approaches to manage artifacts in 4DCT images is
presented in Fig. 3.

From Survey A, 93% of centres use 4DCT and 97% use
ITV-based planning. Figure 3 shows the methods used to
create an [TV, with most people using all individual image
phases. The use of maximum intensity projection (MIP) CT
to create an ITV was more popular in the AAPM survey
[14], (73% AAPM and 51% this work). The delineation of
targets using a MIP dataset has been shown to be faster [20]
and result in a smaller target volume compared with contour-
ing the tumour on all individual phases but it can also result
in inadequately target coverage [20-25]. In addition to the
planning images, workshop discussions indicated that, in
addition to the simulation CT, diagnostic imaging may also
be used as a source of information about tumour movement
at a different time point.

Emerging trends
The potential to reduce the irradiated normal tissue by using

mid-ventilation based targets [26, 27] was presented at the
workshop including practical steps towards implementation.

If 4DCT artefacts occur, what action may be triggered?
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Fig.3 Survey A results showing how the ITV is created (left, 43 responses) and actions which may be triggered when an artifact occurs in a
4DCT image (right, 38 responses). Multiple responses were allowed for these questions

@ Springer



Physical and Engineering Sciences in Medicine

Based on Survey A, this is yet to be implemented clinically
in Australia and New Zealand.

New developments in motion management were dis-
cussed, including the potential for tumour tracking and
dose-guided motion management to replace external sur-
rogates and improve dosimetric accuracy. When asked about
external surrogates, only 11% of survey respondents felt that
these were sufficient for SBRT liver treatments compared to
78% for breast treatments, where the target is usually more
superficial (Survey B, 55 responses).

Discussion

The high attendance rate and range of presentations at the
motion management workshop provided an opportunity for
professionals to share practical experience and engage in
collaborative learning without leaving their clinics. The
high uptake of motion management, particularly for breast
radiation therapy, and increasing interest in SGRT mean
that additional sharing and learning opportunities may
be required in the future. Organisers of future workshops
should consider additional options to ensure all audience
questions are addressed. These could include allocation of
more time for questions, distribution of written responses
after the workshop or facilitating private discussion between
the attendees and presenters. Workshops could be viewed as
a starting point for future work and discussion rather than a
conclusion [28, 29].

One of the challenges identified by clinical physicists
during the final session of the workshop was finding people
with experience and knowledge. This workshop, and particu-
larly the practical experience session, was designed to assist
with and to facilitate knowledge-sharing. A physicist from a
regional centre commented that “The forum has been a really
good way to share and learn from other people’s experi-
ences.” A common theme was the need to adapt motion man-
agement approaches to the needs of individual patients. This
may require new motion management options to become
available. Increasing the range of techniques available to
patients may present additional challenges in terms of train-
ing and resourcing.

Looking to the future, a minority of respondents felt that
external surrogates were sufficient for SBRT liver (11%)
with the remainder unsure or indicating that external sur-
rogates were an inadequate surrogate for estimating internal
motion. This may lead to the introduction or expansion of
tumour and fiducial marker tracking more broadly.

Based on the workshop discussion and survey results, a
move away from technologies that require expensive, non-
environmentally friendly disposable items and particularly
equipment that poses an infection risk [30] was identified.
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SGRT and x-ray based tumour tracking may have a role to
play.

Despite the progress made in motion management, tech-
nological challenges remain: the quality of CBCT images for
soft tissue structures was identified, as was the difficulty in
acquiring adequate quality 4DCT images for some patients.
Additionally, the fast pace of improvements in motion
management also lead to training challenges and the risk
that centres may not have the resources to implement and
maintain a wide range of newly available technologies and
techniques, particularly if patient numbers are small. Col-
laborative methods of working and learning may need to
be explored to address these needs, with events such as this
workshop to provide opportunities for sharing of knowledge,
experience and ideas.

Limitations of this work

A limitation of this work as a means to determine the cur-
rent state-of-play in motion-management in Australasia is
the reliance on workshop presentations, discussions, and
surveys. These sources may introduce bias, as individuals
with a particular interest in and knowledge of motion man-
agement are more inclined to participate in workshops and
respond to surveys on this topic. While the survey response
rate was high, obtaining current practice data through estab-
lished reporting channels could enhance future research by
mitigating response bias. For future work aiming to compare
pre- and post-workshop opinions, the methodology could be
improved by linking the two opinion surveys based on the
respondent, focusing the survey questions, and encouraging
the completion of the post-workshop opinions survey.

While this study presents the opinion of the participants,
these opinions may not be linked to clinical outcomes data
as such data may not exist. Linking technology to clinical
outcomes is challenging due to the number of incremental
changes that can occur over a protracted period. However,
we suggest that the value of the workshop is in providing an
opportunity to reflect on current practices, receive external
peer review and develop a collaborative network to provide
on-going peer review and support for the efficient and safe
introduction of new technologies.

Conclusion

Motion management is now seen as integral to the radia-
tion therapy of many patients. The workshop presentations
and the survey results show that motion management tech-
niques for breast and lung radiation therapy are routinely
incorporated as part of the standard of care in Australasia.
However, further work is required to address the barriers to
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implementation and training which were highlighted during
the workshop. Future trends in motion management may
include an increase in the use of SGRT and the use of X-ray
based monitoring and tracking where external surrogates
are not sufficient to account for tumour motion. Additional
training and collaboration opportunities may be required to
address the needs of the radiation therapy community.
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6.3 POSTAMBLE

This chapter aimed to address Research Question 4.

Research Question 4:
What is the current usage of radiation therapy motion management in Australia and New Zealand and

what benefits can be gained by running a workshop focused on motion management techniques?

Key Findings from this Chapter:

- Motion management was found to be used extensively in Australia and New Zealand,
particularly breath-hold techniques for left sided breast irradiation.

- The workshop was found to be an excellent opportunity for the exchange of knowledge and
experience

- Participants felt the workshop would improve the quality of treatment delivery

- The online format allowed for sharing of practical experience without travel and allowing for
COVID restrictions. However, the workshop attracted the largest number of participants of any
other ACPSEM workshop demonstrating this method of knowledge sharing is feasible and well
supported.

Summary:
Focused online workshops facilitate knowledge sharing, without disadvantaging regional centres, and

may improve the quality of radiation therapy treatments.

At the time this workshop was run, motion management was of interest to many professionals working in
radiation oncology. This meant that radiation oncology professionals were motivated to both organize and
attend the workshop and ultimately lead to the success of the workshop. However, this method of
knowledge sharing may not be suitable where interest in the topic is staggered or the content not suited to
a workshop. Online workshops should therefore be viewed as one aspect of a multi-pronged approach to

knowledge sharing.

Other approaches which facilitate knowledge sharing are considered in Chapter 7 and 8. In Chapter 8, an
online platform is used, providing a longer-term solution for the sharing of resources. In Chapter 7, a
shorter, more informal and interactive approach is used to facilitate the sharing of knowledge and skills

where previous efforts had not been effective.

However, to ensure the provision of quality healthcare, knowledge-sharing must be complimented by other
activities. The comparison of current practices to quality standards described in Chapter 4 is one such
example. This work, like the workshop described in this chapter, required significant organisation and time
commitment from individuals, and may not present a sustainable model. Instead, it may be better to provide
tools and baselines against which centres can compare their performance. Examples of this are presented

in Chapter 9.
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CHAPTER 7

Increasing Prospective Risk Assessments through a Novel Training Program

7.1 PREAMBLE

Safety is a part of quality within health care and can be defined as freedom from accidental injury (1606). In
radiation oncology, additionally this can be interpreted as avoiding unintended radiation exposure to

patients and staff (167).

A number of reports have been published containing recommendations for safety in radiation oncology.
Two of these publications categorize the recommendations into 12 areas (168, 169) with the common
categories of training, staffing/human resoutrces, documentation, incident learning, safety culture,
communication, check lists, quality control of equipment, accreditation/audits, minimizing interruptions

and prospective risk assessment.

As mentioned in Chapter 2, formal audits covering safety may not always be available or practical,
particularly when a new technique or technology is being introduced. Performing a prospective risk
assessment may provide an alternative safety framework. Prospective risk assessment is a process whereby
potential risks are identified and categorizes proactively (170). This involves a systematic review of the
proposed processes and an assessment of each risk. Risks can then be prioritized, weighed against benefits
and minimized. This type of risk assessment is important to ensure the safe implementation of new
techniques, technologies and processes (171, 172), where retrospective incident data may not be relevant

and accidents are more likely (12).

Chapter 4 of this thesis showed that, although prospective risk assessments were recommended prior to
the implementation of SABR, most centres were not performing them. The work presented in Chapter 7
was designed to address this problem. A training program was developed based around a simple prospective
risk assessment and project management tool. This training was then offered to radiation therapy centres
across NSW. A series of surveys were designed to assess the effectiveness of the training program.

Information about the training program and the survey results ate included in this chapter.

This chapter addresses research question:

e Can focused risk assessment training increase the use of prospective risk assessment for new

technologies and techniques in NSW radiation oncology centres?

Chapter 7 of this thesis is published as ‘Increasing the use of prospective risk assessment through training’

in Physica Medica in 2025 (173).
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ABSTRACT

Purpose: Whilst a formal prospective risk assessment is an important part of risk management in the implementation of new techniques and technologies, a lack of
time and practical knowledge can prevent its use. Here we present an innovative training program aiming to increase the knowledge and practical skills of radiation
oncology professionals in using prospective risk assessment.

Methods: The training program explained the need for prospective risk assessment and provided practical experience in the use of an easy-to-use prospective risk
assessment and project management tool. Participants were surveyed before the training and 12-months post-training to determine current risk assessment processes
and whether the training affected participants views and behaviours in this area.

Results: A time-efficient training program in prospective risk assessment was created and successful delivered to multi-disciplinary groups from 12 radiation therapy
providers. In the 12-months post-training, the number of centres completing prospective risk assessments increased from 8% to 30%. The training removed many of
the perceived barriers, with insufficient time remaining the largest barrier.

Conclusions: The training was found to be useful and applicable by all respondents. Future work needs to focus on how to expand the reach of the training program
while maintaining its success, and how to ensure prospective risk assessments are seen as an essential part of implementation of new techniques and technologies in

radiation therapy centres.

1. Introduction

Prospective risk assessment (PRA) forms an important part of safety
in modern radiation therapy [1-3] and should be part of the education
and training of all professions involved [4]. It is recommended by the
International Atomic Energy Agency in its safety standards SSG-46 [5],
which is consider best practise by the Australian Radiation Protection
and Nuclear Safety Agency [6], and is required when commissioning
new equipment by the Radiation Oncology Practice Standards [7]. PRA
is particularly important, and has been argued should be mandatory,
when implementing changes in practise, equipment or procedures [4,8].
For this reason, it is recommended that PRAs be performed prior to the
implementation of new stereotactic ablative body radiotherapy (SABR)
techniques [9-10], however, a recent study showed that less than 25 %
of radiation therapy centres in Australian centres in New South Wales
(NSW) performed a PRA as part of implementing SABR [11].

Potential barriers to the utilisation of PRA are staff time and
knowledge [12-13], with some published risk assessments noting many

hours of work [14] and/or the services of people with specific risk
management training [15-18]. In this work, we aimed to address these
potential barriers, by providing training for 12 multi-disciplinary radi-
ation therapy teams using a time-efficient PRA method.

The training incorporated PRA through the use of the Risk and
Benefit Balance Impact Template (RABBIT). The RABBIT is a document
designed to guide multi-disciplinary teams through radiation oncology
implementation projects and includes PRA. This tool was selected
because it is user-friendly and has been successfully implemented in one
New South Wales (NSW) hospital [12-13,19] for regular clinical use.

This work presents an new program designed to educate radiation
therapy professionals in prospective risk assessment and the practical
application of the RABBIT for a clinical implementation project. By
running small multi-disciplinary training sessions focused on real-world
examples, this work aimed to increase the use of PRA as part of the
implementation of new techniques and technologies through targeted
training. We report on the training provided and the results of a survey
designed to evaluate the training and to test the study aims.
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2. Methods

Ethics approval for the study was granted by the University of Syd-
ney Human Research Ethics Committee (Project Number 2023/214).

A. The RABBIT template

Developed at the St George Cancer Care Centre (STGCCC), the
RABBIT is a project management tool which incorporates prospective
risk assessment. Practically, the RABBIT is a Microsoft Word template
covering project scope, preparation, risk-benefit review and multi-
disciplinary team decision making. It was developed to facilitate rapid
and safe implementation of new techniques and technologies and has
been extensively used at STGCCC [12-13,19].

B. Prospective risk assessment training

The training program was developed and delivered by two physicists
from STGCCC with experience in risk management and the use of the
RABBIT, with the assistance of the first author who was trained be-
forehand. The first part of the training consisted of a prerecorded pre-
sentation with contents as described in Fig. 1. This video is publicly
available on the University of Sydney, Institute of Medical Physics
Website.

The second part of the training was interactive, with the trainers and
trainees working together to complete the RABBIT template. The
training sessions were booked for one hour. The actual time for the
training ranged from one hour to 90 min, depending on the availability

The need for PRA

technologies

clinical practice

project

Prospective Risk Assessment Training Program

Pre-recorded Presentation

* How PRA differs from traditional prescriptive
approaches when implementing new techniques and

* The aims and format of the RABBIT

* The types of risks which may be identified (ie. clinical,
workforce, financial, IT/data and reputational)

* The potential benefits of a PRA

* The challenges and perceived barriers to PRA and how
these can be addressed

* The resources available to help include PRA in regular

Interactive Participation

* Trainers and Trainees working together to complete a
RABBIT for a real or hypothetical implementation

* Questions and discussion
Results in a partially completed PRA for the centre

Support provided via video call or email
Example completed RABBITs made available
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of the participants and the number of questions they had regarding the
RABBIT process.

All sixteen radiation oncology providers in NSW were invited to
participate in the training program. Twelve centres confirmed avail-
ability and willingness to participate, and four centres declined the
invitation. Training was provided to nominated staff at each centre via
video conference and a recording of the training was provided to that
centre. Additional support was offered to all participants immediately
following the training and at 3-months post-training.

C. Quantifying the effectiveness of the training

To evaluate the effectiveness of the training and to gain feedback
from participants, three surveys were conducted using Qualtrics (Provo,
UT, Versions June 2023 — Dec 2024). All three surveys used skip logic to
ensure that only relevant questions were presented. The first and third
surveys presented questions on the number and type of risk assessments
which had been performed in the preceding 12-month period, the type/s
of risk assessments performed, the participants previous experience in
performing risk assessments, the barriers to performing risk assessments
and the participants opinions about risk assessments. A link to the first
survey was provided prior to the risk assessment training. A link to the
third survey was provided 12-months after the risk assessment training.
The second survey was designed to provide feedback which could be
used to improve the training in the future. A link to this survey was
provided immediately following the risk assessment training. The three

Post-Training

Fig. 1. The content of the PRA assessment training.
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surveys are available in appendices 1 to 3.

D. Analysis

The data were extracted from Qualtrics and analysed in Microsoft
Excel (Redmond, WA, Version 2504). The data are presented as indi-
vidual responses or grouped into centres as appropriate, and labelled as
such.

3. Results

PRA training was provided to multidisciplinary groups from 12 ra-
diation therapy providers between June and December 2023. All
training sessions were delivered via video call, avoiding travel time, and
were completed within 90 min.

A. Feedback from the training

Feedback on the training received through the post-training survey
was positive, with 69 % of respondents strongly agreeing with the
statement “The risk assessment training was useful and applicable to my
centre” (12 responses received), and the remaining respondents some-
what agreeing. Based on the received responses, the most helpful parts
of the training were the background about and justification for PRA and
the worked example using the RABBIT template.

Initially, the training sessions included completing a RABBIT tem-
plate as a group. However, feedback from the post-training survey
showed that participants wanted to see a completed example of a
RABBIT template. The feedback was taken on board and later training
sessions included a review of a completed RABBIT template instead.
Where possible, the example RABBIT was based on an implementation
project relevant to the centre. Additional example RABBITs were made
available to participants through an online collaboration website,
COPPER [20], hosted by the University of Sydney.

B. PRA in NSW radiation oncology centres — Pre and 12-months post-
training

From the 12 participating institutions, a total of 31 responses to the
pre-training survey were received from professionals within the multi-
disciplinary teams. The 12-months post-training survey received 14 re-
sponses representing 10 radiation oncology centres, with 2 centres
failing to complete this survey. Both surveys received responses from
radiation oncologists, radiation therapists and radiation oncology
medical physicists from across both metropolitan and regional areas
(Pre- and 12-month post training surveys had 55 %:16 %:29 % and 43
%:14 %:43 % responses from Physicists: Radiation Oncologists: Radia-
tion Therapists respectively).

The percentage of centres who had completed a PRA in the previous
12-months are shown in Fig. 2, with the percentage of centres
completing a PRA increasing after training. Fig. 3 shows the responses
from individual centres including those who did not respond to the final
survey.

Prior to the training, 75 % of the centres who reported completing a

mPriorto Training = 12-months Post Training

No

Unsure

Yes

HI

0% 10% 20% 30% 40% 50% 60% 70%

Fig. 2. Responses to the survey question “Has your centre completed any form
of multi-disciplinary risk assessment of a radiotherapy technology or technique
(not just SABR) in the last 12-months?” Twelve centres responded to this
question in Survey 1, prior to the training, and ten centres responded to the
question in Survey 2, 12-months post training.
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12 Centres

Survey

Is the centre planning
to complete PRA N
the next 12-months?

ining

Pre-tra

11

Did the centre
complete a PRA within
12-months?

>
)

>

l

3
7))

ining

Are they planning to
complete PRA soon?

12-months Post-Tra

Fig. 3. Whether centres intend to complete a PRA in the following 12-months,
from the pre-training survey, whether they completed a PRA in the following
12-months and, for those who did not complete a PRA in that time, their
intention for the next 12-months. ‘Mixed’ indicates different responses received
from the same centre. ‘NR’ indicates no response received.
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PRA previously used a tool, other than the RABBIT. In the 12-month post
training results, of those who completed a PRA or were unsure, 75 %
used the RABBIT alone or included in a mix of risk assessment tools.

The reasons for selecting the applied PRA tool are shown in Fig. 4,
with of the majority of respondents selecting a specific tool because it
was recommended to them.

When asked if the risk assessments performed found any unique or
new hazards that would not have been identified otherwise, 75 % and
83 % of respondents agreed that they had in the pre and 12-month post
training surveys, respectively.

Respondents were asked which current or future project they plan-
ned to complete a risk assessment for. Fifty percent of the centres
planned to perform a risk assessment for a specific new technique or the
use of a new piece of technology, with the specific topics including
stereotactic ablative radiotherapy, Al contouring, tattooless-setup and
total body irradiation. The remaining centres either planned to perform
a PRA for new projects in general (23 %) or did not specify their intent.
All the centres who completed a PRA in the 12-months following the
training had mentioned a specific technique or technology in their
response. The motivations mentioned included improving quality and
safety for both staff and patients, having a formalised process, identi-
fying and managing risks and assessing the benefits of the process.

The pre-training and 12-months post-training surveys asked re-
spondents about the barriers which prevented them from completing a
PRA or completing more PRAs in the previous 12-months. These results
are shown in Fig. 5. In the 12-month post-training survey, fewer re-
spondents perceived a ‘lack of knowledge or training’ (—30 %), ‘scep-
ticism about the benefits and/or effectiveness’ (—14 %), ‘no interest’
(—17 %) or ‘too hard or overwhelming’ (—5%) as a barrier, but with
more respondents who perceived ‘insufficient time’ as a barrier (422
%).

Unlike the perceived barriers to PRA, the perceptions of respondents
about PRA, in response to the statements in the pre-training and 12-
months post-training survey were similar. Fig. 6 shows that the major-
ity of participants agree that formal risk assessments can improve safety
and quality. Formal risk assessments were seen to require too much time
and effort by more than one third of participants in both surveys.

4. Discussion

Both before and after the training, over 90 % of respondents believed
that PRA can improve quality and safety. The challenge, therefore, is not
to convince the radiation therapy workforce that PRA is required but
instead to address other barriers which prevent PRA for being per-
formed. The innovative training provided as part of this study was
successful in reducing barriers, particularly those stemming from a lack
of knowledge and practical experience, and it succeeded in increasing
the number of centres completing PRA as part of project
implementation.

However, while the training removed some of the barriers at some

mPrior to Training = 12-months Post Training

Referred to in published papers .

Reputation —

Recommended to me

T—
Simple to use
I

Already in use at my centre

o

1 2 3 4 5 6

Fig. 4. Reasons for selecting the risk analysis method/tool used given by survey
respondents (multiple answers allowed).
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centres, time then became the largest barrier to the implementation of
PRA, as shown in Fig. 5. These results also fail to include the centres who
chose not to participate in the offered training at all due to a lack of
available staff. Surveys of pharmacists in Europe and the UK have also
identified insufficient knowledge and time as barriers to the use of PRA
[21-22].

Comments from respondents highlighted staffing shortages as an
issue, and certainly any understaffing should be addressed to ensure safe
and high-quality treatments are available to patients. However, it is also
possible that PRA is not seen as an essential part of implementation,
instead prioritising the fast implementation of the constant technolog-
ical improvements now available. PRA should be strongly encouraged
when implementing new techniques or technologies, and mandatory for
high-risk projects. When PRA is not applied during the implementation
of a new technique or technology, this should be clearly justified. Any
future iterations of this training should emphasise this.

The training, as it was presented, was time efficient for the partici-
pants taking less than 90 min to complete and, importantly, did increase
the use of PRA in NSW radiation therapy centres. Increasing partici-
pant’s knowledge, demonstrating practical examples and providing a
simple-to-use tool overcame many of the barriers which existed prior to
the training. Most centres in NSW were able to participate due to the low
amount of time required for this training. By focussing on a specific
topic, the training itself could be performed quickly. By delivering the
content via video call, unnecessary travel time could be avoided, which
is particularly important for regional centres located many hours’ drive
from Sydney.

For the centres who did perform a PRA, unique and new hazards
were identified at least 75 % of the time, further demonstrating the
potential utility of PRA. For example, one centre used the RABBIT for the
implementation of tattooless treatment. They identified a risk that pa-
tients may be positioned incorrectly for treatment. This was mitigated
through pre-treatment imaging, written procedures, staff training and
gaining experience at other centres.

Unfortunately, not all NSW radiation therapy centres were able to
participate in this program, and not all the participating centres were
able to complete a PRA in the following 12-month period. This program
was run in the early post-Covid pandemic phase with many centres still
recovering from staff shortages and low rates of project development.
The training program described here should be set up as a periodic event
with centres more likely to participate as they commence the planning
stage of a new project. Future versions of the program could involve
each hospitals risk management team which may allow for better data
collection and broader implementation of PRO within the hospital. No
recommendation was made to the participants to involve their hospital’s
risk management team in the study, and no data collected about whether
this was done or not, as this was considered outside the scope of this
project.

No other publications could be identified focused on training or
education in prospective risk assessment or in risk assessment in radia-
tion oncology. Schuller et al [23] refer to training in failure modes ef-
fects analysis (FMEA) by the American Association for Physicist in
Medicine in 2013 and describes the department level training provided
to staff in their practice. To our knowledge, this is the first publication
outlining a prospective risk assessment training program, and the first
assessing the impact of such training on practice.

This training program was designed to provide hands-on training and
practical examples to small groups of professionals. This helped to
ensure engagement and multi-disciplinary participation. We believe the
success of this project came from working with small multidisciplinary
groups of professionals who were open to working as a team.

To replicate the success of this project within and outside Australia,
we would recommend development of regional programs which are
customised to local conditions and methods of implementation of new
techniques and technologies.
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Fig. 5. Barriers to Completing a PRA in the last 12-months.
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Fig. 6. Perceptions Regarding Formal Risk Assessments from the pre-training and 12-months post-training surveys.

5. Conclusion

We performed targeted, time-efficient prospective risk assessment
training at 12 radiation therapy centres across NSW. The program
increased knowledge and the use of PRA within NSW, with an increase
of more than 20 % in the number of centres using prospective risk
assessment in the 12-months following the training and the potential for
further increases in the future. Future work should focus on ensuring
prospective risk assessment is seen as an essential part of implementing
new techniques and technologies into radiation therapy centres and on
assisting others to offer similar training programs in other locations.
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7.3 POSTAMBLE

This chapter aimed to address Research Question 5.

Research Question 5:
Can focused risk assessment training increase the use of prospective risk assessment for new technologies

and techniques in NSW radiation oncology centres?

Key Findings from this Chapter:
- Focused training can increase the use of prospective risk assessment
- Barriers to prospective risk assessment such as a lack of knowledge or training and scepticism
about the benefits were reduced by the training, while insufficient time remained a barrier.
- This training should be offered periodically to best align with the new projects and could be

replicated internationally.

Summary:
A time-efficient training program was delivered to NSW radiation therapy centres and has increased the

use of prospective risk assessment. Ongoing access to training needs to be considered to build on this.

This project has demonstrated the effectiveness of knowledge sharing within the NSW radiation therapy
context. In this case, the training program was focused on a deficiency which had been identified in Chapter
4. By focusing in this way, the scope of the training could be limited and the success of the project evaluated.
The legacy of this project is a training program which can be delivered as required by centres in NSW, and
a template which can be used nationally and internationally to increase the use of prospective risk

assessments, or address other identified deficiencies.

To complement this training, example prospective risk assessments were made available to participants via
the COPPER file sharing platform, discussed in the following chapter. This chapter looks at a less focused

but more flexible approach to collaboration within the radiation therapy community.

Following on from this, Chapter 9 looks to establish a template for utilising an existing research platform
to assess current practice against guidelines. This would facilitate self-assessment, inter-comparisons and

establish current practice as a reference for other centres.
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CHAPTER 8

Improving the Implementation of New Techniques and Technologies through the Introduction

of a Collaborative Online Platform

8.1 PREAMBLE

This work is designed to address research question 0.

Will the facilitation of file sharing between NSW (and Australasian) radiation oncology centres be utilized

to increase speed and safety when implementing new technologies and techniques?

8.2 INTRODUCTION

Chapters 2, 3 and 4 of this thesis identified a number of issues relating to the introduction of new techniques
and technologies into radiation oncology centres. In Chapter 3, the introduction of the new SABR
technique was found to be delayed in some centres compared to others, particularly in regional areas.
Chapter 4 highlights issues with training staff in new techniques, which potentially could be addressed by
the sharing of practical training and resources. In Chapter 5, it was reported that professionals are keen to

work together and share resources within the radiation oncology community.

From this previous work, a project was devised which would allow centres to share resources and
experience, thereby avoiding time-consuming duplication of work and allowing knowledge of new

technologies and techniques to be shared.

8.2.1 Current Examples of Resource Sharing in Radiation Oncology Medical Physics

Traditionally, the sharing of expertise between radiation oncology medical physicists has been facilitated
through the publication of recommendations and guides by professional colleges. These documents provide
an avenue for experienced physicists to share their expertise and help clinical physicists by combining

existing evidence and information into a format which can be easily applied.

For example, the American Association of Medical Physicists (AAPM) Task Group 142 publication on
linear accelerator quality assurance is widely used and has been referenced 556 (as of 10/6/2025) times.
However, these documents are often written by committees and as a result can take years to be published.
In addition, formal publications may not contain practical information about a particular piece of equipment

or scenario and this can be useful when implementing a new technique or technology.
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Information sharing can also occur through educational and training programs. One example is the
EMERALD project which was developed in Europe to provide medical physics education to low and
middle-income countries (LMI) (174). The IAEA has also developed medical physics education resources
for LMI countries (174) and their website includes useful videos demonstrating standard medical physics
tasks (175). These groups target LMI countries as these countries often lack formal training programs.
However, because of their target audience, the material is often too basic for qualified Australian medical
physicists and not focused on advanced technology. In Australia, the Training, Education and Assessment
Program (TEAP) is run by the ACPSEM and provides training for medical physicists. It focuses on standard
medical physics tasks and, while this program does get updated regulatly, a training program cannot have

the agility to include up-to-date and cutting-edge technologies or advanced treatment techniques.

To share information on recent developments, medical physics colleges, such as the ACPSEM and AAPM,
run webinars and meetings such as the Motion Management Workshop discussed in Chapter 6. These
meetings can provide up-to-date information and an opportunity for discussion. Often a recording of the
meeting or presentation slides will be available to members following the meeting. These can provide a
helpful resource, but the information provided can be limited by time constraints and the format. The

usefulness of these resources may be improved by supplementing them with other file-based resources.

Resource sharing in radiation oncology medical physics can also occur through multi-disciplinary forums.
In Canada, a community-of-practice approach was implemented to rebuild the radiotherapy community
focusing on in-person meetings, in-person interactions, emails and phone calls (176). The approach has
potential in the NSW setting but, like the webinars and meetings previously discussed, could be

complimented by a file-based sharing solution.
Current File-Based Sharing

In the AAPM publication by Task Group 100 (172), the authors recommend that “The AAPM establish a
website with model process maps, FMEAs, FT'As, and the resultant quality management program for
various procedures as those analyses are developed.” In 2020, four years after the task group made this
recommendation, a repository for TG-100 tools was established. Unfortunately, its use has been limited

and it currently contains only 7 files including only one example process map (as of Dec 2024).

Vendors have also looked to provide resource shating opportunities. One example of file-based shating
was established by Varian Medical Systems, as a customer-only website. They encourage customers to share
RapidPlan knowledge-based planning models (See Chapter 4) via this website. In this case, the sharing may
have a financial benefit to Varian, as it may increase the sales of the RapidPlan product and increase the

usefulness of this product for customers who have already purchased it.

Elekta, another radiation therapy vendor, provides the BrachyAcademy to its customers. The platform
provides peer-to-peer education by facilitating on-site visits and vendor sponsored clinical workshops and

webinars. Published papers are shared on the website but no other file sharing is provided.
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Another web-based platform was established in the Netherlands concurrent to the work presented in this
chapter. Their web-based platform was established in 2022 by a group of Dutch radiation therapy centres
aiming to improve the implementation of innovations in radiation oncology (177). This platform facilitates

the sharing of formal innovation project reports between radiation oncology centres.
This project

The project presented here has similar aims to the Dutch project but a different approach. In this work, an
online platform is used to allow the sharing of files and other resources between medical physicists. This
should reduce the duplication of effort and allow experienced centres to share what they have learnt about
new techniques and technologies, thereby helping other centres to implement improvements more quickly
and safely. The testable hypothesis for this work is that an online platform for collaborative file-sharing will
be used by the medical physics community and, specifically, used in the areas of new technology and

techniques.

8.3 METHOD

8.3.1 Steering Committee

The creation of an online sharing platform was proposed in October 2022. The decision was made to aim
the platform at medical physicists rather than the wider radiation oncology community initially. A steering
committee was formed later in 2022 to provide support, guidance and oversight for the project. As
chairperson of this committee, I recruited committee members including six clinical medical physicists from

NSW and one academic.

8.3.2 Legal Advice and Risk

The committee established that a significant obstacle to the success of the project was the perceived risk to
the individual or organization sharing content on the website. Legal advice was therefore obtained from
the Office of General Council at the University of Sydney. This established that the risk could be
significantly reduced by ensuring that the contents of the website were only available to trained health
professionals. A trained health professional is expected to have sufficient knowledge to understand and

assess the content before using it in practice.

Based on this advice, the steering committee decided that the content of the website must be only available
to Australian and New Zealand radiation oncology healthcare professionals (with an email address

associated with a registered healthcare provider).

A disclaimer was also created to further mitigate perceived risks. This was later expanded in consultation

with the representatives of a local health district to alleviate their concerns.
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8.3.3 Technological Structure

The technical requirements for the project were established as follows:

- Accessible only to those granted permission
- Able to host files of various formats

- Records utilisation information of visitors.

In consultation with University of Sydney Information and Communications Technology (ICT) team, the
Microsoft SharePoint platform (Microsoft Corporation, WA, USA) was selected. This software was already
available at the university and allows the creation of intranet sites incorporating document storage and

secure login capabilities (178). The platform was available to host content from April 2023.

8.3.4 Communication and Initiatives

For a collaborative project to be effective, the relevant population need to know of its existence and how
to refer to it. The steering committee selected the name COPPER for the platform, an acronym for
Collaborative Online Platform for Physics Experts in Radiation. Once established, a number of

communication pathways were used to maximize awareness amongst radiation oncology medical physicists.

- Information was presented about the project at the EPSM2023 Conference and at the NSW
Research and Development Workshops hosted at the University of Sydney in 2023, 2024 and 2025.

- Regular updates were included in the University of Sydney, Institute of Medical Physics newsletter.

- In April 2024, a promotional video was produced with a link emailed to all members of the
ACPSEM NSW branch.

- Inthe latter half of 2024, an effort was made to contact speakers from conferences and workshops,
requesting a copy of their slides for sharing on COPPER. This provided a low-effort opportunity
for people to contribute.

- In February 2025, the project was presented at the Varian Summit to a multi-disciplinary group of
Varian customers from Australia and New Zealand.

- InJune 2025, based on feedback from users, a quarterly update was instigated containing a list of

new content available on COPPER and highlighting the contributions of specific centres.

8.3.5 Assessment of use

To assess the ultilisation of COPPER, the site visits and unique site visits were recorded from January 2024.
Information on the number and type of files uploaded was assessed to provide an indication of the
willingness of registered users to share content. The viewing histories of these files were collected and

analysed as an indication of what content was of most interest and what the content is likely to be used for.
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8.4 RESULTS

8.4.1 Membership

Access to COPPER was granted based on an email request from a recognized health domain within
Australia or New Zealand. In April 2024, 12 months after COPPER was launched, 56 health care
professionals had registered for access. As of November 2025, there were 137 registered uses with 116
unique users having visited the website. The majority of users are medical physicists from NSW. However,

access has been granted to physicists and radiation therapists from across Australia and New Zealand.

8.4.2 Content

An initial group of documents were shared on COPPER at launch. These included procedural documents
from Chris O’Brien Lifehouse, an editable document profiling radiation oncology department (number and
type of linacs, ancillary equipment, treatment planning system etc.) and a document with useful links for
scripting. Additional content was then added over the following 12-months including a document with
links to commercially available Al-contouring products, information on scripts centres were using, editable
spreadsheets for sharing beam modelling data, presentation slides from a workshop held at the University
of Sydney and RABBIT risk assessment templates (Chapter 7). Physicists added department specific

information to the department profiles document and data to the beam modelling spreadsheet.

Figure 24 shows the amount of content uploaded to COPPER and the centres providing content. The three
large increases in content correspond to the contribution of presentations from the NSW Research and

Development days in 2023, 2024 and 2025.
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The Increase in File Content and Contributing Centres over Time
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Figure 24: The number of files uploaded to COPPER, the number of centres contributing to

COPPER & the number of centres contributing content other than slides from presentations.

An assessment of the unique views of the content on COPPER shows a total of 456 unique content views

up to June 2025. The most popular content is shown in Table 13.

Six of the top 10 most popular pieces of content were editable content such as the Department Profiles
and lists of links to useful scripting content. The Department Profiles content provides a place for users to
provide and view information on the equipment, software and techniques used at radiation oncology
centres and may improve communication between centres facing similar challenges. This was the most
popular piece of content on COPPER. Four of the top 10 pieces of content were documents related to
scripting. Unfortunately, Sharepoint does not provide information on the number of times files are
downloaded. So, the popularity of the actual script files shared on COPPER could not be determined. The
most popular non-editable document on COPPER has been an SGRT commissioning plan, which

provided a list of tests and timeframes used in the commissioning of a new SGRT system.
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Table 13: Most popular content on COPPER as of June 2025

Item Type Unique Total

Viewers Views
Department profiles Editable 36 166
MegaCheck: Eclipse plan checking script description Script 27 62
ESAPI script list Editable 24 63
Eclipse DLG and leakage prior to V18 Editable 18 70
Eclipse V18 MLC parameters Editable 18 119
Fault log: Script example description Script 16 31
Al contouring products: Internet links to vendors Editable 14 32
Scripting links: Internet links Editable 14 24
COPPER information Administrative | 13 33
SGRT commissioning plan Document 13 27

8.4.3 Usage

In 2024, the committee decided to more actively pursue content which had been presented at a workshop
or conference, as registered users appeared more comfortable sharing this style of content. Figure 25 shows
the site traffic for 2024-5, Institute of Medical Physics newsletters mentioning COPPER and relevant

workshops and conferences.
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8.5 DISCUSSION

The work presented here is part of an ongoing project envisaged to facilitate sharing between radiation
therapy centres, particularly regarding new technology and techniques, to reduce duplication of work,
increase safety and reduce delays in implementation. To evaluate the success of this project, the utilisation
of the COPPER platform has been assessed using information on the users, content and activity on the

website.

The increasing number of users and volume of content on COPPER demonstrate that the platform is being
used by the radiation oncology community and that this use is increasing. The number of centres
contributing content to COPPER has also increased, however many centres have only contributed
presentations. There are a number of possible reasons for this. Physicists may be unsure if their manager
or employer would allow them to upload other content, they may have been told not to upload content or

they may not wish to spend time contributing.

Potentially managers may be concerned about the risk to their centre if the content is incortect or misused.
Others may be reluctant to share content for free when the content cost their centre time to produce.
Another issue is that physicists may be unsure what would be of interest to others or reluctant to put their
work on display for fear of criticism. Physicists may also be hesitant to submit multi-disciplinary files due
to the site’s focus on physics or the broader authorship of these documents. These are issues which will

need to be addressed to ensure COPPER continues to grow.

The recent changes to the disclaimer and input of content from one centre may indicate that the community
are becoming more comfortable with the idea of sharing, and these contributions may help others to
overcome their concerns about risk. However, changing these attitudes may take time. Other possible
strategies to overcome these concerns could be to work with recognized government or professional
organisations and to inform the broadener radiation oncology community about COPPER, as currently the
initiative has been focussed on medical physicists. However, established organisations can, themselves, be

risk adverse and slow-moving.

The most popular files currently on COPPER are those relating to new techniques (SGRT), technological
improvements (scripting) and providing information about the equipment at other centres (potentially for
the purposes of implementation and collaborative improvements). This demonstrates that the project is

being used by the medical physics community for the implementation of new techniques and technologies.

Future work should continue to focus in these areas and should include providing users with feedback
about which content has been shown to be most popular. However, Figure 25 demonstrates increases in
site visits following an upload of workshop presentations. These presentations, while not as popular as
other content, do lead to user engagement, reminding people about the project and providing a simple

method for centres to contribute to COPPER.
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This work can be compared to the recent work in the Nethetlands (177), where a national taskforce was
established to improve the implementation of innovation in radiotherapy. Their work was motivated by a
study which showed slow implementation of innovations (177). Like this work, it aimed to increase
collaboration on implementation projects and uses a website to host shared content. It differed in that it
was driven by a multi-disciplinary task force and was much more prescriptive about the content to be
shared. The template used for sharing content has the potential to ensure health care professionals feel
comfortable sharing but does create additional work for centres to contribute and would require significant
resources from participating centres. The multi-disciplinary approach has the potential advantage of

allowing for more complete content regarding a new technique or technology to be shared.

This work has demonstrated that an online platform for collaborative file-sharing will be used by the
medical physics community. The most popular content has been the editable content, particulatly the
department profiles, which are aimed at facilitating collaboration between similatly equipped centres.

Potentially synergistic relationships have been established between centres.

Content relating to scripting was also popular. Sharing scripts should reduce the workload across the
healthcare system by minimising the repetition of work. SGRT commissioning list was the most popular
document. This shows another way that centres can collaborate in the implementation of new technologies.
In order to continue the success of COPPER, the project should focus on content that facilitates
collaboration, that reduces the workload of healthcare professionals and that relates to new techniques and
technologies. It will also be important to continue working with departments to address concerns and

obtaining content from workshops and conferences to fuel engagement.

The usefulness of COPPER relies on new and relevant content being provided by members. It is therefore
vital that the lessons learnt so far be applied to ensure the continuing success of this project. Options to
work with recognized organisation and the expansion to include content from other professions should be

explored in the future.

8.6 CONCLUSIONS

A collaborative file-sharing platform was established for the use of the medical physics community in
Australia and New Zealand. The platform has an increasing number of users and shared content, with the
most popular content focused on new techniques and technologies. The availability of this content is
designed to reduce the risk of duplication of work allowing centres to offer up-to-date treatments more
quickly and safely. Continuing work is required to ensure concerns and barriers to contribution are

addressed and engagement remains high.

This chapter aimed to address Research Question 6 by assessing the use of a file sharing platform for

medical physicists.
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8.7 POSTAMBLE

Research Question 6:
Will the facilitation of file sharing between NSW (and Australasian) radiation oncology centres be utilized

to increase speed and safety when implementing new technologies and techniques?

Key Findings from this Chapter:

- File sharing via the COPPER platform is being utilized by radiation oncology medical physicists.

- The most popular content was related to collaboration, scripting and new techniques.

- Providing workshop and conference presentations allows for continued and low effort
engagement.

- Continuing work is required to address barriers to contributing and ensure engagement of all
centres.

- Expansion to a multi-disciplinary platform or collaboration with a professional organization or
government body could be explored.

- The project may have increased the speed and safety of the implementation of new technologies

and techniques but further work would need to be required to verify this.

Summary:
Facilitated file-sharing was successfully implemented for NSW radiation oncology centres potentially

leading to safer and quicker implementation of new techniques and technologies.
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CHAPTER 9

Implemented Automated Auditing using Existing Research Infrastructure for Spine SABR

9.1 PREAMBLE

This work is designed to address research question 7.

Can the ACDN Distributed Learning Network be used to automatically audit radiation therapy treatments

against published standards?

9.2 INTRODUCTION

Radiation therapy outcomes depend on the quality of the treatment. This is demonstrated in multiple studies

where compliance with trial protocols is associated with improved clinical outcomes (179-182).

Similarly, clinical audits can assess compliance with current treatment recommendations. Multicentre
clinical audits, which retrospectively assess the quality of radiation therapy treatments have been shown to
identify areas for improvement and differences in practice between centres (183). Given that higher quality
treatments lead to improved outcomes in a trial setting, it is reasonable to assume that, if audits can lead to

higher quality treatments, they will also lead to improved outcomes for all patients.

Despite this, recent publications have shown that centres in New South Wales have limited opportunities
to participate in external or multicentre audits (160), and that, when audits are performed, they show low
levels of protocol compliance (184). More auditing opportunities need to be made available. Unfortunately,
manual auditing practices can be time consuming, resource intensive and may not include up-to-date
treatment techniques (35, 46, 185, 186). Automated methods of auditing may provide an alternative,
reducing the manual labour involved and allowing faster feedback on the adherence to recommendations

and the quality of patient treatments.

This work aims to pilot the use of the Australian Cancer Data Network (ACDN) Distributed Learning
Network (18) to automatically audit radiation therapy treatments against recommended practice. The
ACDN is a data network designed to enable multi-hospital cancer research and data analysis. The network
links clinical and registry data to allow machine learning and assessment of clinical practice. This pilot study
looks specifically at spine stereotactic ablative body radiotherapy (SABR) treatments where previous work

has shown that deviations from consensus contouring guidelines can lead to inferior local control (187).
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In this study, radiation therapy treatments at two large cancer hospitals are compared to the
recommendations in a consensus guideline published by the Cancer Institute of New South Wales on the
use of spine SABR (20). In addition, dosimetric information from spine SABR plans was extracted and
summarised providing information on the prescriptions, target coverage and organ-at-risk sparing, allowing

inter-centre practice comparisons.

9.3 METHOD

The Cancer Institute of New South Wales provides consensus and evidence-based treatment protocols to
support the delivery of cancer treatment (188). In this work, radiation therapy treatments were assessed
against the Spinal bone metastases palliative EBRT stereotactic protocol, 1D:4098 v. 1 published via the
Cancer Institute of New South Wales eviQQ webpage (20). This protocol is for the treatment of
oligometastatic disease in the form of a spinal metastasis from a solid primary tumour and excludes patients

who have had previous radiation therapy to the region being treated.

The scope of the audit was limited to objectively accessible data which could be readily extracted from the
electronic patient record. For example, the protocol recommends that analgesia be optimised prior to
radiation therapy. As this is subjective and difficult to extract, this was not assessed as part of this audit. In
comparison, the protocol states that patients should be in a supine position for treatment. This datum is

non-subjective, simple to extract and was therefore included in the audit.

The data extraction and collation were performed using the ACDN under the network ethics approval (18)
(Ethics approval granted by the NSW Population and Health Services Ethics committee 2019 /ETHO01550).
The inclusion criteria in this study were patients receiving stereotactic treatments to a spinal bone target in
the period 2021-2024. Patients were included from two large metropolitan hospitals with a mature spine
SABR program. This study is intended as a pilot for this audit process, with the aim to broaden the study
to all centres in the ACDN network. Where the presented data are separated by centre, the centres have

been reidentified.

9.3.1 Data Extraction

Patients meeting the inclusion criteria were identified based on prescription information, treatment site and
relevant checking tasks, based on the practice at each centre. Following the identification of suitable patient
treatments, the data extraction was performed using similar but not identical processes at each centre
without individual patient data leaving the centre. The extracted data are shown in Table 14 and include the
simulation, magnetic resonance (MR) imaging and first treatment date, computed tomography (CT) slice
thickness, patient scan orientation, MR imaging protocol, extension of the CT scan beyond the target,

prescription dose, fractionation, beam energy, whether the multileaf collimators (MLCs) moved dynamically
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during treatment, the dose calculation algorithm, the dose grid resolution, the treatment verification imaging

used, the target contours for assessment and dose-volume information.

At each centre, Digital Imaging and Communications in Medicine (DICOM) format versions of the
treatment plans were exported into a directory for analysis. At Centre 1, individual plans were manually
exported from the Eclipse treatment planning system. At Centre 2, plans were extracted from a Picture
Archiving and Communication System (PACS) using DICOMweb services(189). A python script using the
PyDicer (190) python library extracted both dosimetric and non-dosimetric information from the DICOM

files. This included information about the contours, dose distribution, treatment fields and other meta data.

Additional information, which could not be extracted from the DICOM files, such as the treatment start
date and prescription dose, were extracted from the treatment planning system or oncology information
system (OIS) using SQL queries or custom scripts. The extraction methods used for this work as well as

potential future methods are shown in Table 14.

The target volume contours were visually assessed against the contouring guidelines in the eviQQ protocol,
Cox et al (191) and Dunne et al (192). An image file was produced for each planning target volume (PTV)
showing three orthogonal views through the centre of the PTV. An example of this is shown in Figure 26.
The assessment did not include a review of other available imaging. The clinical target volume (CTV) to

PTV margin was assessed separately by calculating the difference in the bounding box for each structure.

A summary of the data was produced including statistical data and the percentage of plans passing each
criterion for the years 2021-2022 and the years 2023-2024, with the data split into two cohorts to allow a
comparison between the two time periods and an assessment of changes in practice following the release

of the eviQ) protocol in November 2022.

The number of plans included was reported for each value as some data could only be assessed for some
plans, for example the time from MRI imaging to treatment could only be assessed for patients who had
an MRI image. Also, as the spinal cord planning organ at risk volume (PRV) and oesophagus tolerances in
the eviQQ protocol are different for different dose fractionation schedules, plans for each schedule are

grouped and summarised together.

The ACDN is designed to perform multi-centre research projects without patient data leaving each centre,
and this is a requirement of the ethics approval for projects using this network. To ensure no individual
patient data was shared, summary data were only calculated when two or more plans were available. Further,
a ‘near median’ value was reported rather than a true median to avoid reporting individual patient data. For
an odd number of values, the near median was equal to the average of the three central data points. For
even number of values the near median was the average of the two central data points, equal to the median

value.
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Patient ID: Test - TCGA-QQ-A8VG

Structure: PTV

—— CaudaEquina

— crv

—— a1V
Oesophagus
SpinalCord

~—— SpinalCord_PRV

— PTV

Figure 26: An example of the image produced for contour review. The ethics approval for this work

does not allow images from study patients to be displayed. This CT image is taken from the Cancer Image

Archive (193).

To simplify the assessment process, the cauda equina structures were grouped with the spinal cord PRV
and assessed against the same dosimetric criteria. Where both structures were present in a structure set, the

structure with the highest dose was assessed.
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Table 14: Data extracted and where the data was extracted from at each centre. DICOM header extraction and dosimetric calculations performed by PyDicer.

Future Centres denotes alternative data extraction methods which could be used for data extraction for future studies. Abbreviations: Treatment planning system

(TPS), Structured query language (SQL)

Data items Centre 1 Centre 2 Future Centres*
Simulation Date CT image DICOM header CT image DICOM header CT image DICOM header
Treatment start date Eclipse TPS script SQL query of Victorian | SQL query of OIS
Radiotherapy Minimum Data
Set (194)
CT patient position CT image DICOM header CT image DICOM header CT image DICOM header
CT slice thickness CT image DICOM header CT image DICOM header CT image DICOM header

Extension of CT beyond the target

Structure set PTV and external

contour extensions

Structure set PTV and external

contour extensions

Structure set PTV and external

contour extensions

Existence of MRI or CT myelogram registered to | Eclipse TPS script Not extracted SQL query of OIS
planning images
MRI protocol used Eclipse TPS script Not extracted SQL query of OIS
MRI date of scan Eclipse TPS script Not extracted SQL query of OIS
Prescription dose (Gy) Plan DICOM header SQL  query of Victorian | SQL query of OIS
Radiotherapy Minimum Data
Set (194)
Beam energy Plan DICOM header Plan DICOM header Plan DICOM header
Robotic treatment or dynamic MLC used for treatment | Plan DICOM header Plan DICOM header Plan DICOM header

Algorithm

Eclipse TPS script

Manually entered

Custom scripts

Dose grid resolution

Dose DICOM header

Dose DICOM header

Dose DICOM header
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Treatment verification images used for the patient

treatment

Plan DICOM header

SQL query of Victorian
Radiotherapy Minimum Data
Set (194)

SQL query of OIS

Whether this treatment is a reirradiation (if available)

Not available

Not extracted

Centre dependent

Target contours

DICOM structure set

DICOM structure set

DICOM structure set

Structure dosimetry

DICOM  structure
DICOM dose file

set

and

DICOM structure set and
DICOM dose file

DICOM  structure
DICOM dose file

set

and
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9.4 RESULTS

All eligible treatment plans were able to be audited and have been included in the analysis, 83 from Centre
1 and 187 from Centre 2. Dosimetric and contouring compliance could not be assessed for 5 plans at Centre
1 and 5 plans at Centre 2 as the DICOM plan files were not compatible with the analysis package, but other

information was assessed for these plans.

Through digitally extracted data, 23 metrics at Centre 1 and 20 metrics at Centre were able to be assessed.

The metrics assessed and the percentage of plans which satisfied each metric are shown in Table 15.

In addition to the assessment against metrics, dosimetric data were extracted for each plan and summarised
using the mean, near median and standard deviation. The GTV and PTV dosimetry data are show in Figure
27. The eviQQ recommendations for organs-at-risk (OARs) are given in absolute dose and are specific to the
planned fractionation. For two fraction plans, the dosimetric results for the spinal cord PRV are shown in
Figure 28 and the oesophagus results are shown in Figure 29. For the other fractionation schedules, one or

both hospitals had insufficient plan numbers for comparison.
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Figure 27: GTV and PTV data from Centres 1 and 2 for 2023-2024. Mean values are shown as a
circle (Centre 1) and a square (Centre 2), lines representing 1 SD and a triangle showing the near median.
The red lines indicate the eviQ recommended level and the percentages of plans from each centre satisfying

that requirement are shown in red.
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Table 15: Percentage of plans at Centres 1 and 2 satisfying the eviQQ recommendation for 2021-2022 and 2023-2024. The recommendations require that
GTV D100% optimal value is >100% with >95% a minor deviation (both are listed), and that PTV D80-90% should equal 100% (both 80% and 90% are listed).
Abbreviations: Gross tumour volume (GTV), Linear Boltzmann Transport Equation (LBTE), Flattening filter free (FFF), Cone beam computed tomography (CBCT)

Spinal cord (SC)

Spine SABR Results

Centre 1 Centre 2
2021-2022 2023-2024 2021-2022 2023-2024
Plans Plans Plans Plans

Metrics assessed Plans (%) | Assessed | Plans (%) | Assessed | Plans (%) | Assessed | Plans (%) | Assessed
Scanned with slice thickness <2 mm 77 35 85 46 98 103 100 84
Scanned supine 100 35 100 46 98 103 100 84
Targets contoured following consensus guidelines 42 31 44 45 93 90 96 78
Treated with a superposition/convolution or Monte

100 35 100 46 100 103 100 84
Carlo or LBTE dose algorithm
With MRI images using T1 or T2 sequence 66 35 87 46
With MRI or CT myelogram taken less than 4 weeks

91 23 100 40
prior to simulation CT
Treated within 14 days of simulation 20 35 26 46 30 92 28 79
With MRI or CT myelogram taken less than 8 weeks

91 23 100 40
prior to the start of treatment
Treated with 6-10MV 100 35 100 46 100 103 100 84
Treated with FFF 14 35 80 46 100 103 100 84
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Treated robotically or with dynamic MLCs. 100 35 100 46 100 103 100 84
With a dose grid <2mm 94 35 100 46 97 103 100 84
Treated with CBCT imaging 86 35 100 46 100 98 100 83
PTV-CTV margin 2-3 mm (inclusive) 48 27 51 41 77 95 82 82
CT scans with 210 cm from target to scan end 94 31 87 45 85 96 92 82
With eviQ Prescription 89 35 85 46 99 103 100 84
GTV D100% >100% Presc. Dose 41 29 44 41 37 93 35 79
GTV D100% >95% Presc. Dose 52 29 54 41 42 93 35 79
GTV DO0.1cc =140% Presc. Dose 97 29 100 41 100 93 100 79
PTV D90% > 100% Presc. Dose 38 31 33 45 34 96 30 82
PTV D80% > 100% Presc. Dose 74 31 69 45 80 96 85 82
GTV D2% > PTV D2% 93 29 98 41 99 93 100 79
SC PRV Dmax below threshold 75 24 73 44 76 79 68 69
SC PRV D0.035cc below threshold 71 24 77 44 92 79 90 69
Oesophagus D0.035cc below threshold 100 16 95 38 79 48 88 40
Satisfying all dosimetric eviQQ recommendations 0 35 20 46 23 103 14 84
Satisfy all non-dosimetric eviQQ recommendations 0 35 2 46 23 103 19 84
Satisfy all eviQQ recommendations 0 35 0 46 3 103 4 84
Number of patient plans with 1 fraction 0 1 22 21

Number of patient plans with 2 fractions 13 19 79 63

Number of patient plans with 3 fractions 7 6 2 0

Number of patient plans with 4 fractions 0 0 0 0

Number of patient plans with 5 fractions 14 20 0 0
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Figure 28: Spinal Cord PRV dosimetric results for two fraction plans, with the eviQQ recommended

tolerances for two fraction treatments shown.
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Figure 29: The 2021-2022 and 2023-2024 oesophagus dosimetric results for two fraction plans,

with the eviQQ recommended tolerances for two fraction treatments shown.
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The target and spinal cord PRV graphs show similar results for both centres. The average and near-median
oesophagus Do.osscc and Dimax doses were lower at Centre 1 for 2023-2024 compared to 2021-2022. This is
likely due to the introduction of Al contouring at Centre 1 in June 2023, with the oesophagus contoured
for all patients when present in the planning images, even if distant from the PTV. The oesophageal doses
were also found to be higher, at Centre 2 compared to Centre 1, across both time periods. This difference
may be due to differing numbers of patients with targets close to the oesophagus. Data on the location of

the targets could not be extracted to determine if this was indeed the cause.

Potentially more important as part of this audit is the number of plans where the eviQ) recommended doses
were not achieved, as show in Table 14. Centre 2 had 13% more plans exceeding the eviQ oesophagus dose

limits compared with Centre 1 across both time periods.

Centre 1 had more plans which exceeded the spinal cord PRV recommended limit. The Centre 1 planning
protocol aligns with the eviQQ recommendations for 1 and 2 fraction treatments but the Centre 1 protocol
did not contain a planning aim for the spinal cord PRV dose for 3-5 fraction treatments. 81% of the plans
at Centre 1 found to have deviated from the protocol for this metric were for 3-5 fraction treatments. A
documented planning aim may have reduced the number of plans exceeding the eviQQ recommendations.

The treatment protocol at Centre 1 is currently being reviewed based on these results.

Considering the non-dosimetric metrics, the audit results show that neither centre is routinely achieving the
recommended 2-week simulation to treatment timeline recommended by eviQ. A review of the data at
Centre 1 showed this was, at least partially, due to MRI availability. Considering instead the time from the
latter of the MRI or CT to treatment, the near median for 2023-2024 dropped to 15 days, 3 days lower than
calculated just from the CT date. At Centre 2, the planning timeline is accelerated only for a subset of spine
SABR patients based on clinical evidence. As this is not part of the eviQQ protocol, this was not considered
in this study. However, further investigation into the data is planned at Centre 2 to determine if this is the

cause of the longer average simulation to treatment times.

The auditing of the contours for each patient was performed manually, but with the process significantly
expedited through the production of Portable Network Graphic (PNG) image files which displayed the
contours and CT image outside of the treatment planning system. An initial review was performed by a
medical physicist at each centre with a final review performed by a radiation oncologist at Centre 1. The
contouring at Centre 1 was only found to be complying with the protocol in 44% of cases, compared to
96% at Centre 2 (2023-2024). The main reasons for the contouring being rated as non-compliant at Centre
1 were that the CTV or GTV had not been contoured or that the CTV was created as a geometric expansion
of the GTV cropped to the extent of the bone, rather than including the parts of the vertebra specified in

the recommendations.

The CTV to PTV margins were less likely to satisfy the eviQ protocol at Centre 1, with 46% of plans having

a margin greater than 3 mm in the 2023-2024 time period. Plans at Centre 2 also failed to satisfy this
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requirement with 12% of CTV to PTV margins smaller than 2 mm and 6% of CTV to PTV margins larger
than 3 mm for (2023-2024). It is worth noting that a single margin value is reported for each contour set,
calculated as the difference in the bounding boxes of the CTV and PTV contours. This simple calculation
cannot describe a complex, non-uniform expansion as might result from manual adjustment of the PTV.
Such changes are not allowed for in the eviQQ protocol and may account for some of the margins found to

be non-compliant.

The prescription data is shown in Table 16. The largest standard deviation in the average prescription dose
was for the 5 fraction plans. Similarly, the majority of plans not meeting the eviQQ recommendations were
also the 5 fraction plans. The 5 fraction plans which did not satisfy the eviQ protocol were all prescribed a
dose less than 30Gy. Comparing the two centres, Centre 2 uses fewer fractions for SABR spine patients

compared to Centre 1.

Table 16: The mean, standard deviation (SD) and near median dose (Med) values in Gray

prescribed at both Centres for 1, 2, 3 and 5 fractions.

Centre 1 Centre 2
2021-2022 2023-2024 2021-2022 2023-2024
Fr | Mean | SD Med | Mean | SD Med | Mean | SD Med | Mean | SD Med
1 195 | 1.7 20.0 |20 0.0 20.0

237 |11 240 (240 |0.0 240 1240 |0.0 240 | 241 0.5 24.0
274 |19 270 (270 |3.0 27.0
300 |27 300 |288 |35 30.0

O W DN

Both centres used 6 and/or 10MV beams for treatment, as required by the protocol. However, it is notable
that 90% in 2021-2022 and 92% 2023-2024 of SABR spine plans at Centre 2 were treated with 10MV alone,
compared to 3% in 2021-2022 and 13% in 2023-2024 at Centre 1. Both centres have good access to both
energies and 10FFF is used by default at Centre 2. At Centre 1, 10FFF was not available in conjunction
with stereoscopic kilovoltage imaging until February 2024, explaining their preference of 6FFF before this
time. The data does not indicate that Centre 1 has switched to using 10FFF after this date. The continued
preference for 6FFF could be attributed to habit or plan quality. Data from more centres in the future may

show a preference not visible in the current data.

Comparing the data from 2023-2024 with the earlier two-year period at Centre 1, the use of FFF for SABR
spine plans increased 66% and 6MV-alone plans decreased by 45%. This can also be attributed changes in
treatment equipment at Centre 1 in 2024. Data from Centre 2 show little change in the beam energies used

with all plans using FFF beams in both time periods.
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At Centre 1, the use of T1/T2 MRI imaging increased 21% and the use of CBCT increased 14%, to 100%
between the two time periods. The MRI data are not currently available for Centre 2 and no change was

observed in the number of treatments which used CBCT.

The changes with time noted at Centre 1 reflect the increased availability of or access to technological
improvements and do not appear to indicate any change in practice due to the release of the eviQQ protocol
in November 2022. No large changes in practice were observed at Centre 2. Potentially, the treatment
protocols at both centres referred to the evidence synthesized into the eviQQ protocol, and therefore no

change in practice was required.

9.5 DISCUSSION

This work has demonstrated that automated auditing of radiation therapy treatments against published
standards is possible. In this instance, the ACDN Distributed Learning Network provided the digital
infrastructure, however the processes used were based on freely available software and could be replicated
by organisations or centres wishing to complete their own clinical audits of radiation therapy treatment

records.

Audit Framework

The audit framework created in this work has successfully been used to audit SABR spine patients from
two hospitals. All data were extracted digitally and automatically analysed, with the exception of the
contours, which were visually reviewed using specifically created image files. However, it was not possible

for this study to assess the following items reference by the eviQ protocol:

the suitability of the patient for spine SABR

e the diagnostic information availability

e the immobilisation used

e the dose conformity (D2cm <50%)

e the alignment of treatment verification images
e the treatment verification imaging protocols

e the recommendations to ‘consider’.

While the eviQ spine SABR protocol is evidence-based, it is difficult to determine which of the
recommendations in the protocol are likely to affect patient outcomes, and therefore importance of these

missing items relative to the audited items, or to each other.

One method to assess these items in the future would be to review the local clinical protocols and patient
pathways as part of the audit. While the purpose of this audit was to assess individual spine SABR

treatments, a review of the local protocols could identify reasons for non-compliance with the eviQ
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protocol and provide further details. For example, CBCT imaging was used for 100% of patients at Centre
1 in 2023-2024 but, at this stage, the timing and action thresholds of this imaging could not be assessed.
An assessment of the relevant protocols and/or discussions with treatment staff may provide more detailed

information.

Some data could not be extracted at Centre 2 using the methods shown in Table 14, potentially alternate
methods may have resolved this. Table 14 outlines potential alternate extraction methods that could be
used for future audits and for the expansion of this audit into other centres. In general, the listed future
extraction methods focus on extraction from the DICOM files and SQL queries of the OIS. The use of
such methods should ensure more consistent processes across hospitals, simplifying and standardising data

extraction.

Limitations and Challenges

Some limitations and challenges were found in performing this audit which should be accounted for in
future work. This study includes four years of patient data. At Centre 1, the planning system used for spine
SABR changed during this time. Data from the MRI for planning could not be extracted from the earlier
planning system, and, as such, these patients were excluded from the analysis for MRI related

recommendations.

The assessment of the doses received by the organs-at-risk in this study was limited to the spinal cord PRV
and oesophagus. The eviQ protocol contains dose constraints for 16 other OARs. These were not assessed
in this study as the number of patients with a significant dose to each OAR was likely to be too low to
produce meaningful conclusions. Future studies looking at the treatment of other sites are likely to have
larger patient numbers, and therefore more OARs could be considered. Additionally, future studies could
evaluate the dose to all OARs for internal review, with only summarised data for certain OARs shared

between centres for comparison.

From a technical perspective, 5 of the identified patients at each centre could not be converted into
Neuroimaging Informatics Technology Initiative format (NIfTT) and JavaScript Object Notation (json)
files for analysis by PyDicer, due to unusual structure naming. Future versions of PyDicer could be adjusted

to accommodate structure names containing characters which cannot be used in computer file names.

A challenge for this study was the identification of eligible patients (those meeting the inclusion criteria).
The eviQ consensus protocol is indicated for patient with oliometastic disease and spinal metastases from
a solid primary tumour. However, not all patients meeting these criteria will be treated stereotactically.
Stereotactic or SABR treatments have been defined as a high dose, hypo-fractionated treatment that is
image guided (195-197). In a modern radiation therapy centre, many non-stereotactic spine treatments
would be hypo-fractionated and image-guided, and the term “high dose” may be interpreted differently at
different centres. Some publications have specified that stereotactic radiation therapy should spare organs

at risk, such as the spinal cord, or have steep dose gradients (17, 198). These criteria may help to refine our
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definition but is still vague and difficult to assess without reviewing individual plans. Finally, the definition
of what constitutes a stereotactic treatment may change over time and the retrospective assessment of plans

may be biased to exclude plans which were considered stereotactic at the time.

In this study, Centre 1 selected plans based on their referral for a stereotactic physics check, refined based
on the location of the target. Centre 2 identified plans based on the treatment site and treatment technique
reported to the Victorian Radiotherapy Minimum Data Set (194). The differences in practice between
centres necessitated flexibility in the methodology used. It is, however, important to note that these

differences may contribute to differences between the data from centres.

Another challenge was the identification of the relevant PTV and OARs for analysis. Patients being treated
for spinal metastases may also have other targets treated concurrently. As a result, structure sets containing
the spine target volumes will often contain other target volumes, as well. Some patients may have boost
targets within the lower dose PTV. For patients having multiple spinal metastases treated, the spinal cord
PRV dose may be the dose limiting OAR structure for one plan but the cauda equina more relevant for
another target. The correct structures for analysis were identified using a variety of methods including the

target name, the median and maximum dose received and by visual review.

Inconsistent naming of structures has been identified as a challenge in previous publications (199-202). This
was also found to be an issue in this work. The naming of the oesophagus was found to be consistent and
predictable. However, the naming of the spinal cord structure PRV was not. Improved processes could

increase consistency in future data but cannot easily correct existing data.

Previous studies using the ACDN network have taken a subset of patients for analysis. This work is
different, aiming to assess all patients in the cohort to avoid bias and ensure all relevant patient data are

reviewed. It was therefore important to minimise the data which could not be extracted or assessed.

As some of the assessment was based on the presence or absence of a particular item in the treatment
record, it was important to ensure data was not marked as missing incorrectly. For example, if a spinal cord
PRV was not identified by the audit process, it may not exist or it may not have been identified based on
the naming as the spinal cord PRV. To avoid such errors, any missing data was manually verified against
the OIS or TPS. This was achievable for this data set. For audits of larger data sets, it may be necessary to

spot check rather than verify the data in each plan.

Automated Auditing

This work represents, to this author’s knowledge, the first independent, automated clinical audit of this type
and breadth conducted of real-world patient records in radiation oncology. It provides a new template for
the review of patient treatments, which is less laborious and allows for more treatments to be audited

compared to previous methods.
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The importance of routine and frequent checks and reviews to ensure the quality of radiation therapy
treatment has been established (38) with compliance with quality indicators associated with increased
survival (203). Such audits aim to increase the quality and safety of radiation therapy through external review
(13, 185). Internationally, several networks have been established to perform such clinical audits, but this is

not common nor are the audits simple to perform (13, 185, 186).

In Belgium, national audits are conducted by on-site auditors every 5-6 years, with the gathering of accurate
and comprehensive data found to be complex and challenging (185). The IAEA conducts quality audits
globally, auditing 77 centres in ten years (13) based on voluntary requests, and covering countries with
varying financial resources. A recent study reviewed the clinical audits available in Europe (186) finding that
systematic audit pathways were underdeveloped and that data collection was inconsistent and burdensome,

suggesting that this could be improved by an enhanced digital, automated infrastructure.

Looking at treatment practices more broadly, digital data are being used to review treatment practices, with
audits of Victorian databases being used to assess the patterns of care for pancreas cancer (204), including
the use of radiation therapy. However, these audits do not include detailed review of dose prescription,
dose distribution, treatment verification imaging or contouring which have been shown to be valuable
measure of treatment quality related to patient outcomes. In-depth reviews of digital data for patients
enrolled in clinical trials have been reported (205-207) however these reviews target specific parameters
related to features that may impact on the trial conclusions, with data representing only patients eligible for
the study. The auditing processes discussed in this chapter aim to target entire population groups so that

centres may self-assess their performance against those of other centres or consensus guidelines.

Recently Liu et al (208) reported on a knowledge-based anomaly detection algorithm designed to prioritize
plans for clinical audit. This implementation reduced the overall auditing time and preferentially identified
plans with the greatest potential for improvement. The work presented here goes beyond this, reviewing
all plans in the selected cohort against a published standard using an automated process, that could be used
across multiple radiation therapy centres. This type of audit, covering all patients, should be better able to
separate systematic from aberrant planning errors, focussing quality improvement on the most prevalent

issues.

The differences between this audit and a traditional audit are demonstrated by comparing this work to the

well-documented audit process of the IROCA project (38, 183, 209), Table 17.

This comparison shows the large time savings this new approach can bring to clinical audits. In addition,
the ability to audit all, or nearly all, patients ensures a more complete review of practice. These two methods
are, however, not mutually exclusive. An automated audit could be used to ensure a large proportion of
patients are reviewed while also highlighting patients which should be investigated further, in a similar way

to the algorithm based method described earlier (208).
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Table 17: Comparison of the IROCA in-person audit (38). This audit and possible future audits

utilising digital data extraction and analysis.

IROCA in-person This automated audit Future automated
audit audits
Technological None ACDN SQL and DICOM Ability to query OIS,
requirements infrastructure DICOM extraction

technique, Python code

Centres involved 6 Currently 2 Large numbers possible
Patients audited 40 (maximum) 80 (Centre 1), 105 (Centre 2) | Large numbers possible
per centre

Training required | Two days (full team) | Initially several days but Potentially 2 hr or less

decreasing (1-2 people)

Time to perform At least 2 weeks (full | 2-4 hrs (plan number and Estimated 2 hr to 3
audit team) hardware dependent) days

Patient outcomes | Yes Not currently Through OIS query or
reviewed external databases

An example of a combined automated and manual audit has been performed by the U.S. Veterans Health
Administration (VA) (210). DICOM files were assessed against dosimetric quality metrics using custom
software, while assessors extracted data from medical records, in a process which took one week to assess
50 cases. However, as the VA have recently developed new data extraction and storage systems for their

quality surveyance program (211), further automation of these quality processes is now highly feasible.

In the audit presented here, all data were assessed automatically with the exception of the contours. The
contour review process was simplified and expedited in this work but still required manual review. In the
future, this may not be necessary. Chlap et al (212) have recently shown that protocol-violating contours
can be detected automatically using artificial intelligence (Al) in a trial setting. A similar process could
potentially be expanded to clinical audits as well with the potential for Al to be used in other aspects of the

as well.

The use of MRI for spine SABR patients was not assessed at Centre 2. Additional customised data
extraction would have been required to assess metrics relating to these data. Resources were not available
to complete this work. Despite this, the patient treatments were able to be assessed against the other metrics,

and the audit results can be updated in the future to include this when the resources become available.

A review of eight representative radiation therapy treatment protocols on the eviQQ website showed that the

methods used in this work could be adapted to audit most of the requirements of these protocols. Metrics
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not assessed in this work are considered in Table 18. Additional resoutrces would be requited to create and
perform automated audits for additional sites but less than would be required to perform such audits
manually. Potentially the most challenging and most important data required would be complex target and
OAR contours. In this work an image file was produced to simplify the process of reviewing contours.
However, studies looking at head and neck cancer may require additional information allowing larger and

complex contours based on multi-modality imaging to be reviewed (213).

Table 18: Metrics or Requirements to extend this work to cover other eviQQ protocols, and the

potential availability of this data.

Example Metric or Requirement Availability

Treatment Site

Head and | Fractions treated per time or gap | Scheduling information available with SQL
Neck, between fractions query

Liver SABR

Head and | Complex target contouring Further visualisation images could be
Neck, produced. Multimodality images may be
Breast required for Head and Neck.

Rectum, Lung | Organs-at-risk contouring Automated  processes  could  assess

length/extent in addition to contour review

images

Brain Additional dose metrics (conformity, | Can be calculated from DICOM data

gradient indices)

Liver SABR Motion management (4DCT or breath- | 4DCT use can be accessed using the
hold use) methodology used to assess MRI at Centre
1. The use of breath-hold should be
recorded and available, but the location may

differ between centres.

Table 17 also shows that this audit did not include a review of patient outcomes. The eviQQ protocol does
not include recommendations for baseline clinical data reporting or expected clinical outcomes for
comparison but such data could be used for intercomparisons between centres and to investigate
correlations between treatment and outcomes. Future work is planned to use the registry database

connections incorporated into the ACDN network to extract outcomes data for such comparisons.

Unlike traditional auditing methods, augmentation or adjustment of the quality indicators used in an
automated audit would be reasonably simple. This would allow the audit to be re-run on the same patient

records if new recommendations or new trial results show additional or different quality indicators should
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be used. The audit method could also be re-applied to more recent patient data to look for improvements

or changes in protocol compliance.

9.6 CONCLUSION

Using the ACDN network infrastructure, a framework for performing automated clinical audits was
established. This framework was used to audit up to 23 metrics for all SABR spine patients treated at two
radiation oncology centres in the selected time frame. To this author’s knowledge, results from an
automated clinical audit of this type have not previously been published. This work succeeded in auditing
all patients referred for a specific treatment, not just those enrolled in a trial or randomly selected. This type
of audit will both complement and enhance existing clinical audits, allowing more patients to be reviewed

with less staff resources. Expansion and refinement will further increase the utility of this framework.

9.7 POSTAMBLE

This chapter aimed to address Research Question 7 by establishing a framework for an audit of spine SABR

patients across multiple centres.

Research Question 6:
Can the ACDN research framework be used to simplify the auditing of patient treatments against

published standards, such as eviQ?

Key Findings from this Chapter:
- The ACDN digital framework can and has now been used to conduct an automated audit of
patient treatments against published standards.
- The audit provided valuable information about current and past practice to the centres involved,
potentially leading to changes in practice and improved quality.
- The potential exists to expand on the data extracted and analysed to make future audits more

comprehensive. Outcomes data could be included in this and future audits.

Summary:
The treatment of Spine SABR patients between 2012-2024 was automatically audited using digitally
extracted data. This provides a framework for future audits, using readily available infrastructure and

software solutions.
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CHAPTER 10

Discussion, Future Work and Conclusions

10.1 SUMMARY

The work in this thesis aimed to identify barriers to the safe, high-quality and timely implementation of new
technologies and techniques into New South Wales (NSW) radiation oncology centres and implement

targeted projects to address these bartiers.

Previous studies have shown that improvements in the technology and techniques used in radiation therapy
can increase tumour control (214) and patient survival (215, 216). It follows that further technological
advances in the future may lead to additional survival benefits. To ensure these potential benefits are
realised, such advances need to be implemented into clinical practice while maintaining high levels of quality
and safety. It is therefore essential that new technologies and the techniques they enable are available in a
timely manner, in a high quality and safe way, across NSW, ensuring that all patients benefit from these

improvements.

Data show that the incidence of cancer in Australia is rising and that cancer mortality rates are decreasing
(217); together these trends have led to an increased number of cancer survivors (217). With more people
surviving and living longer after treatment, reducing long-term treatment toxicities is becoming more
important, in order to preserve patients’ quality of life. Historically, new techniques enabled by new
technologies have led to reduced toxicity (215, 218) improving the quality of life for survivors of cancer.
Future technological improvements, implemented safely into practice, are essential to further minimise

long-term toxicities for NSW radiation therapy patients.

As the number of people with cancer increases, the number of patients requiring radiation therapy also
increases. This increased demand will require the purchase of additional radiation therapy equipment and
an increase in the workforce, but radiation therapy services will also need to become more efficient to treat
this higher number of patients with the limited resources available. Advances in technology and treatment
techniques have the potential to safely treat more patients in less time and with less resources and may
provide the efficiency gains required to meet the additional demand. However, risk management strategies
need to be in place to ensure that patient safety is not compromised at the expense of rapid access to new

techniques and technologies.

To summarise, advanced technologies and techniques have the potential to increase patient survival and
tumour control, decrease side effects and provide the necessary increase in the capacity of the NSW

radiation therapy services to treat the increasing number of patients. It is therefore essential that
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technological improvements are implemented in a timely manner across NSW, while maintaining safety and

quality, to ensure equity and the best outcomes for our patients.

The initial chapters of this thesis assessed the quality and timeliness of these implementations and identified
a number of issues and barriers. The implementation of the stereotactic ablative body radiotherapy (SABR)
technique was found to be delayed at some centres, particularly in regional areas. While the implementation
of SABR was generally in line with recommendations, areas for improvement were identified. The latter
part of the thesis describes the targeted interventions created to address the identified issues and to improve

the speed and quality of technological implementations.

In contrast to some other states in Australia, NSW has a large number of small radiation oncology centres
(typically 2-3 linacs/centre). While formal connections between centres do exist, many centres operate
independently leading to a situation where each centre will separately, and potentially concurrently,
implement new techniques and technologies, independently climbing similar learning curves. Several

projects to increase cross-centre collaboration were investigated in this thesis.

Knowledge-based planning is a technological innovation designed to increase efficiency and consistency in
treatment planning. A collaborative, multidisciplinary, NSW-wide group was formed to help with the
implementation of knowledge-based planning using the Varian treatment planning system. A research
project was designed within this group to determine how best to work collaboratively on this
implementation, potentially sharing knowledge-based models. This project showed that collaboration
between centres was beneficial, increasing the knowledge of those involved and potentially expediting the
implementation process, but can also be limited by differences in practice between centres and

administrative bartiers.

A second project, a collaboration between the ACPSEM and the University of Sydney, lead to an online
workshop addressing the community need for practical knowledge on motion management for radiation
therapy. This workshop allowed collaboration between centres, sharing practical experiences and,

potentially, increasing the speed and quality of motion management at the attendee’s centres.

The investigations into the implementation of SABR in NSW determined that formal risk assessment
processes were not routinely carried out in the centres surveyed. The AAPM published the report of Task
Group 100 (172) in 2016 which was largely based on the Failure Modes and Effects Analysis (FMEA).
Since then, alternate modes have been proposed but none have become commonly used in NSW. To
address this, a training program was introduced focused on prospective risk assessment. This program
succeeded in providing training to most radiation therapy centres in NSW and increased the use of formal

risk assessments.

To further increase collaboration and assist with the timely implementation of new technologies and
techniques, a collaborative online platform was developed to facilitate knowledge-sharing between radiation

therapy centres. This platform has the potential to expand, allowing further knowledge-sharing and for
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multidisciplinary collaboration with the agility required to remain relevant in the fast-changing area of

radiation oncology.

Finally, a pilot study for automated auditing of patient treatments was completed. This pilot study
demonstrated a new way to assess the quality of patient treatments in a quick and adaptable way, focussing
on the ability to perform self-assessment against published standards. This automated method of
conducting clinical audits can be extended to new treatment techniques quickly, providing up-to-date

teedback on quality during the eatly stages of implementation.

This chapter summarises the results of the work presented in this thesis, synthesises the findings, discusses

recent relevant publications and presents future work which will follow this thesis.

10.2 SYNTHESIS OF FINDINGS

Equity in healthcare requires that everyone has access to the highest level of healthcare. Unfortunately, the
implementation of SABR treatments into NSW radiation therapy centres was delayed compared to some
other countries. In 2019, the CHISEL phase III trial provided clinical evidence of supetior local control in
stage 1 inoperable non-small cell lung cancer using a SABR technique compared with standard radiotherapy.
SABR for lung cases was not available until 2021 in some areas of NSW (Chapter 3). As a result, some
patients will have travelled long distances to receive this new treatment technique or instead receive a longer

course of standard radiation therapy at their closest radiation therapy centre.

Following the work presented in Chapter 3, Burton et al. surveyed Australasian centres about their
respiratory motion management practices (96) to inform the creation of a new dosimetric audit. While this
survey did not provide information on the timing of implementation of motion management techniques,

differences were observed between the practices of regional and metropolitan centres.

Studies looking at the timelines of implementation of new techniques and planned future directions of
practice, similar to those seen in Chapter 3, are rarely published but are vitally important. They allow the
assessment of equity and availability of up-to-date treatments, and for the planning of future training and
collaborative projects. The collection and publication of these types of data from across the country could
benefit health care professionals and highlight inequities in the current system. Unfortunately, government-
run nation-wide surveys are unlikely to occur as health care is provided by state governments in Australia.
It will therefore be important for researchers to identify new practices and perform ad-hoc surveys,

informed by previous works (Chapter 3).

Following on from the practice survey in Chapter 3, the work in Chapter 4 investigated the quality and
safety of the implementation of the SABR technique in NSW radiation therapy centres. The implementation

was found to comply with RANZCR recommendations (17) in most areas, but with improvement required
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in the areas of auditing, risk assessment, reporting and the review of clinical outcomes. During this
investigation, staff interviewed described how a lack of coordination between centres resulted in the same
work being replicated at each centre. Radiation therapy professionals felt they had a lack of support from
other centres in the implementation of new techniques and technologies, and struggled with knowledge

transfer and gaining practical experience.

Since the publication of the work in Chapter 4, no similar audit-style evaluations have been published in
Australia. Shaw et al (219) reported the introduction of comprehensive dosimetric audits for SABR
treatments in Australasia. Pilgrim et al (204) looked at the treatment of pancreas cancer within Victoria
using government databases. This study was, in some ways, similar to that described in Chapter 9 of this
thesis, but looking at a higher level and only considering whether radiation therapy was or was not used in
treatment. A long-term solution to the lack of comprehensive auditing, particularly when implementing
new techniques and technologies, needs to be found. The work presented in Chapter 9 seeks to address

this and is discussed later in this chapter.

The lack of coordination and cooperation across centres highlighted by those interviewed for the study in
Chapter 4 led to the collaborative, knowledge-sharing projects in Chapter 5 and Chapter 6. Chapter 5
described the results of a collaborative project between three radiation therapy centres to share knowledge-
based treatment planning models aiming to reduce the implementation work required for individual centres
and ensure better treatment plans were available to patients more quickly. This collaborative work provided
internal benchmarking for the centres involved and mentoring for one centre with limited experience in
building knowledge-based treatment planning models. The study found, however, the ability to use shared
models was limited by the different treatment aims of each radiation therapy centre. More broadly, this
work shows that differences in practice may make the sharing of resources between centres difficult, as
these resources may not align with the needs of the centre. Successful sharing may require a preliminary
stage to first align practice, with resources designed to allow for differences between centres and changes
in practice, similar to the methods used by the Victorian Rapidplan consortium (220). Sharing may also be
more successful between centres with similar equipment or in specialized areas where patient numbers may

be low and the ability to build a generalisable model limited.

A more qualitative sharing approach was presented in Chapter 6. In this chapter, Australasian centres
shared their experiences and expertise through a workshop on motion management. The workshop was
successful due to the relevance of the topic at that time and had the potential to improve the quality of
radiation therapy delivery, while the online format allowed equal access to all centres. Previously, similar
workshops have been held looking at cranial stereotactic radiotherapy (221) and quality management (222)
in Australia. As new technological advances become available, it will be important to continue these
workshops aiming to make the implementation of new techniques and technologies faster and easier for
late adopters and promoting safety and quality in practice for all. This will require proactive horizon

scanning and knowledge of the current implementation projects across the region. It is also important to
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devise ways to ensure these learning opportunities can be available in the future so that centres can apply

these resources when they are ready to implement these new techniques.

Chapter 7 outlines another collaborative project instigated by the work in Chapter 4. The results of Chapter
4 show that prospective risk assessments were rarely performed when implementing SABR techniques. In
Chapter 7, knowledge and expertise regarding prospective risk assessments were shared though an
innovative, peer-to-peer training program. The training was successful in providing practical skills and tools
to radiation therapy professionals throughout NSW, but was most relevant to those who could immediately
apply the learning. This work shows that focused knowledge-sharing is effective and can help reduce the
knowledge differences between centres. While this style of training requires enthusiastic advocates, it has
been shown to be well suited to addressing specific deficits in knowledge and should become one of the

standard methods used for addressing knowledge gaps within the workforce.

The COPPER initiative (Chapter 8) uses a different method again to facilitate collaborative learning and
knowledge sharing. It was designed to reduce the replication of work across centres, and provide a method
to support centres with limited staff resources. The online platform allows the long-term storage and
distribution of resources, ensuring resources are available when required. The radiation therapy centre
profiles on the platform provide information on the treatment equipment and ancillary equipment including
the brand and model, and the techniques in use. This collated, detailed level of information is not available
anywhere else within Australia. By providing this information about the equipment and techniques available
at radiation therapy centres, it allows centres to form informal networks with others using similar equipment
or facing similar challenges, ensuring knowledge-sharing is both relevant and timely. The concept of more
formal and coordinated state-wide implementation projects has yet to be explored. Using the same
proactive methods described in this thesis, state-wide implementation projects could lead to the safer,
quicker and more efficient implementation of new techniques and technologies. Such projects would need
to be well managed to avoid potentially delaying some centres who have been eatly adopters of change in
the past. Support structures such as a generalised workshop framework could allow early adopters to more
easily share their experiences. It is, however, naive to assume that inter-centre cooperation would be simple,
after decades functioning independently under separate Local Health District (LHD) administration
entities. This thesis demonstrated the value of working towards better cooperation in the long-term, while

supporting centres to deliver excellent radiation therapy treatment now.

The penultimate chapter in this thesis (Chapter 9) describes a project designed to address the lack of
available auditing when introducing a new technique, an issue identified in Chapter 4. This work uses
existing research infrastructure to assess cutrrent practice against quality standards in a timely, efficient and
adaptable manner. The pilot study presented in Chapter 9 is, to this author’s knowledge, the first automated
clinical audit of non-trial radiation therapy treatments where patient data does not need to leave the
radiation therapy centre, and will act as a template for future automated audits. Unlike traditional clinical

audits, automated audits allow all relevant patient treatments to be audited, potentially highlighting systemic
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issues as well as cases which may require further investigation. The increased efficiency of automated audits
will allow more audits to be performed and more inter-centre comparison, identifying a greater number of

issues and differences in practice than is possible with traditional clinical audits.

However, as the first audit of this type, the work required to extract and analyse these audit data was
significant. The differences in infrastructure between the two centres involved and a lack of standardisation
required customisation of the data extraction and analysis at each centre. At this stage, outcomes data have
not been extracted with the audit data. The use of the ACDN (18) for this project may allow patient
outcomes to be correlated with the quality metrics assessed in the audits in the future, identifying factors

which particularly affect patient outcomes.

Automated auditing is particulatly suited to the rapidly evolving field of radiation therapy. As technology
drives changes in treatment, automated audits can provide real time feedback during the eatly stages of
implementation. The adaptability and speed of automated auditing will be particularly beneficial for
reviewing existing practice against new evidence or recommendations. The implementation of partial or

fully automated audits represents a step-forward in both the quality and safety of radiation therapy.

10.3 FUTURE WORK

The automated audit results in Chapter 9 form part of a continuing project. Based on the experience gained
in auditing the first two centres, the auditing method will be refined and expanded to include additional
radiation therapy centres, allowing more patient treatments to be audited and providing further information
on differences in practice between centres. Further, the connection of the ACDN to state and national
registries will allow outcomes data to be added to the auditing records. Future work will look at correlations
between patient outcomes and compliance with specific metrics. More broadly, the framework from this

pilot study will be used by other researchers to audit additional treatments against quality standards.

The COPPER initiative will also continue. This work will require ongoing effort to change attitudes to
sharing and collaboration but should lead to better cooperation between radiation therapy centres, increased

sharing of resources and assistance for centres at risk of falling behind technologically.

More generally, following on from this work, it will be important to continue to assess how new techniques
and technologies are implemented, looking for areas that require improvement and proactively addressing
this. Utilisation of technological resources, such as the ACDN, will allow faster feedback about
performance with less strain on human resources. Additionally, the establishment of templates for
collaborative projects such as workshops and training programs will simplify the creation of similar
initiatives as new techniques and technologies become available. Identification of ‘leading centres’ may lead

to further focused training projects and opportunities for the sharing of experience.
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The idea of pre-planning and collaborative implementation should be explored for future state-wide
advances. By prospectively working collaboratively, it may be possible to overcome the traditional

separation of radiation therapy centres and establish synergistic relationships.

The new techniques and technologies which could benefit from a prospective or planned approach can be
categorised by how widespread these technologies are likely to be. Improvements in simulation with the
further introduction of MRI and imminent introduction of photon counting CTs are likely to be
widespread, eventually becoming standard practice in perhaps all radiation therapy centres. Similarly,
software advances including Al-based planning and improved offline and online adaptive treatments are
likely to become common place. It is these types of innovations which could benefit most from a
coordinated approach, or from collaborative sharing, such as workshops and COPPER. This is in contrast
to new technologically-advanced treatment techniques like proton and charged particle therapy, boron
neutron capture therapy and FLASH, where the high cost, smaller number of benefiting patients and
experimental nature of the technology may limit their implementation to only a few specialised centres. For
these techniques, prospective risk assessment and frequent automated quality audits will be very important
to ensure high quality treatments. That isn’t to say that collaboration does not have a role for these more
specialised techniques, but more that the role may need to be adjusted, as the level and use of knowledge

required by radiation therapy workers across the state will vary.

10.4 LIMITATIONS

A major limitation of this study is that it was conducted in a specific time, and therefore focused on the
technology and techniques relevant during that period. It was not possible to explore projects aimed at
long-term change or to corroborate the findings. By continuing the projects outlined in the section above
and implementing new projects as technological changes arise, a broader view of the roles of collaborative

quality projects could be achieved.

A limitation of this work is that it was written from the perspective of a clinical medical physicist. Whilst
several projects incorporated multi-disciplinary participation, future work should aim to balance the

perspective across all radiation oncology professions.

10.5 OVERALL CONCLUSION

The work described in this thesis has demonstrated that it is possible to determine barriers to the high
quality and timely implementation of new techniques and technology, and successfully implement strategies

to address these barriers, improving the quality of radiation therapy available to patients throughout NSW.
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Future projects aimed at improving the implementation of new techniques and technology should be
targeted on known problem areas and incoming technological changes, but also account for current
differences between radiation therapy centres. Automated auditing will allow faster auditing of more patient
treatments. It can also be used during new technology implementation to provide a fast feedback process
and to correlate outcomes with treatment parameters. Future work should look at how to prospectively

address new developments in a collaborative and multi-disciplinary way.
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