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Abstract 

Background 

Prostate cancer is the second most commonly diagnosed cancer for men in Australia, 

with the cost of prostate cancer care expected to reach over $0.5billion by 2025. 

Concerns have been raised about the variability in prostate cancer care and its cost-

effectiveness. Supported by models of quality measures, efforts to improve prostate 

cancer care include diagnosis and management guidelines, registries of clinician 

performance measures and patient outcomes, and peer-comparative feedback to 

clinicians. These efforts aim to provide clinical practice targets and identify and reduce 

unwarranted variation from the recommended best practice. Previous studies have 

found varying effectiveness for these interventions. 

This thesis examines mechanisms to improve the quality of care through changes in 

provider behaviour. Specifically explored are whether GP guidelines improve the 

efficiency of prostate cancer detection; whether individualised clinician feedback 

improves treatment decisions and care outcomes (including when outcomes may be 

competing); and whether surgeons with increased experience of robotic surgery 

improve patient and surgical outcomes. 

Methods 

Patient data used in the analyses come from Australian cancer registries. Chapter 2 

uses state-level prostate cancer case data from state cancer registries between 2000 

and 2016. Chapters 3-5 use de-identified individual patient data from the Prostate 

Cancer Outcomes Registry-Victoria (PCOR-Vic), with the latest datacut from February 

2019. In particular, the focus was on patient and hospital characteristics, treatment 

information and patient outcomes. The PCOR-Vic also provided the dates that 

comparative performance feedback was provided to clinicians. Population data was 

taken from the Australian Bureau of Statistics and the number of diagnostic tests from 

Medicare group reports. 

Appropriate and robust statistical models are used to explore the specific questions of 

the thesis, including interrupted time series analysis, survival analysis, linear 

probability models, and inverse probability weighted regression analyses. 
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Results  

In response to guidelines to reduce unnecessary testing in asymptomatic men, PSA 

testing rates and prostate cancer incidence reduced. There was limited evidence of 

improvements in the efficiency of testing (cases per test). 

Feedback to urologists to encourage active monitoring in low-risk men and quicker 

active treatment in high-risk men was associated with longer time to treatment 

(reduction in overall treatment rates during the year following diagnosis) for men of 

low- and intermediate-risk but had no significant impact on high-risk men.  

When feedback was on multiple competing behaviours, no change was found in 

outcomes at the aggregate level. However, there was evidence that individual 

clinicians appeared to prioritise their worse outcome for improvement.  

Experience mattered for surgery performance; surgeons with higher levels of 

experience with robotic surgery had the most significant gains in patient and clinical 

outcomes from using the robotic surgery 

Discussion 

This study provides evidence that interventions designed to change provider 

behaviour in prostate cancer can improve adherence to best practice 

recommendations, but finds less evidence that this results in improved clinical or 

patient-related outcomes. Higher levels of surgery experience appear to be most 

beneficial to surgical outcomes.   
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1. Introduction 

Prostate cancer is the second most common cancer diagnosis (after lung cancer), but 

only the sixth leading cause of cancer death for men (International Agency for 

Research on Cancer, 2018). Australia is the 15th highest-ranking country for prostate 

cancer rates, with an age-standardised rate of 85.6 per 100,000 men (International 

Agency for Research on Cancer, 2018) and prostate cancer care was estimated to 

cost $0.5billion in 2013 (Goldsbury et al., 2018). The total estimated cost of prostate 

cancer treatment to the Australian health system in 2016 was $383.6 million (0.21% 

of total health expenditure in 2016, https://www.aihw.gov.au/reports/health-welfare-

expenditure/health-expenditure-australia-2016-17) and estimated to rise to $543.9 

million in 2025, an increase of 42% (Gordon et al., 2018; Prostate Cancer Foundation 

of Australia & Griffith University, 2016). 

With the risk of prostate cancer affecting many men, and its detection and treatment 

resulting in such a considerable health care cost, it is important to make cost-effective 

detection, diagnosis, and treatment decisions for all men.  

Population-based screening for prostate cancer has never been recommended in 

Australia. Opportunistic testing of men aged 50-75 years-old was included in general 

practice guidelines between 2005 and 2012, before being restricted to on-demand 

from 2012 onwards (Royal Australian College of General Practitioners, 2005, 2009, 

2012). General practitioners have also received more guidance on how to discuss 

testing for prostate cancer with men (National Health and Medical Research Council, 

2014), with later recommendations highlighting problems with overdetection and 

additional risks of testing (e.g. physical harms of invasive testing and psychological 

harms such as an increased risk of suicide)(Royal Australian College of General 

Practitioners, 2009, 2012).  

This change in practice has largely reflected international guidelines in the last ten 

years, which have also recommended against population screening for prostate 

cancer (Drazer, Huo, & Eggener, 2015; National Institute for Health and Care 

Excellence, 2019; Prostate Cancer Foundation of Australia and Cancer Council 

Australia PSA Testing Guidelines Expert Advisory Panel, 2015; US Preventative 

Services Task Force, 2008, 2012). One of the reasons for reducing testing and 

https://www.aihw.gov.au/reports/health-welfare-expenditure/health-expenditure-australia-2016-17
https://www.aihw.gov.au/reports/health-welfare-expenditure/health-expenditure-australia-2016-17
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overdetection of prostate cancer is to reduce unnecessary treatment. Asymptomatic 

men tested for prostate cancer are more likely to be diagnosed with low-risk disease 

that may never affect them within their lifetime. Further measures to avoid invasive 

treatments for low-risk men include care guidelines in Australia and internationally that 

recommend surveillance for men with low-risk disease (National Institute for Health 

and Care Excellence, 2019; Prostate Cancer Foundation of Australia and Cancer 

Council Australia PSA Testing Guidelines Expert Advisory Panel, 2015). There have 

also been advancements in surgery, with the uptake of robot-assisted surgery for 

prostate cancer. Robot-assisted surgery has been shown to add considerably to 

overall prostate cancer care costs (Basto et al., 2016; Bolenz et al., 2014; Cao, Yang, 

Qi, & Chen, 2019; Close et al., 2013; Forsmark et al., 2018; Hohwu, Borre, Ehlers, & 

Venborg Pedersen, 2011; Laviana et al., 2016; Leow et al., 2016; Nguyen et al., 2011; 

Ramsay et al., 2012; "Robotic Surgical System for Radical Prostatectomy: A Health 

Technology Assessment," 2017; Florian Rudolf Schroeck et al., 2017). 

Despite expert agreement on testing and care guidelines, there remains considerable 

variation in testing and care received by patients across Australia and elsewhere 

(Calopedos et al., 2019; Cary, Odisho, & Cooperberg, 2016; Dasgupta et al., 2019; 

Filson et al., 2014; Hjertholm et al., 2015; Jayadevappa, Chhatre, Johnson, & 

Malkowicz, 2011; Lacey et al., 2016; Lawson et al., 2020; Löppenberg et al., 2017; 

Modi et al., 2018; Ong et al., 2019; Pollack, Weissman, Bekelman, Liao, & Armstrong, 

2012; Pooli et al., 2019; Riedinger et al., 2014; Seidenwurm & Logsdon, 2014; Tran et 

al., 2015; Wang et al., 2014). While some variation in care across populations was 

inevitable due to differences in population characteristics and needs, unwarranted 

variation in prostate cancer care that cannot be explained by illness or patient 

preferences represents an opportunity to save resources, improve health, or both 

(Wennberg & Gittelsohn, 1973). 

Some of the variation seen in the diagnosis and management of prostate cancer is 

considered acceptable. For example, low-risk patients may receive different 

management to high-risk patients, or some random variation in diagnostic testing is 

expected. There is also systematic variation that healthcare systems may actively try 

to reduce, such as inappropriate provider behaviour (e.g. overuse of diagnostic tests). 

Besides the uneven quality of care to patients, systematic differences in diagnostic 
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and management practices may drive the variation in prostate cancer care costs 

(Roehrborn & Black, 2011). In the United States of America, Wang et al. associated 

treatment intensity and modality with 21.2% and 31.2% of the variation in cost between 

the highest and lowest expenditure quintiles, respectively (as estimated from SEER 

data between 2005 and 2009)(Wang et al., 2014). There can also be variation in costly 

outcomes within treatment modalities such as length of stay in hospital after surgery 

(Gore et al., 2012). 

1.1. Variation in diagnosis, treatment and outcomes of prostate 

cancer 

There are several areas in the prostate cancer care pathway where previous studies 

have identified systematic variation in prostate cancer diagnosis, management and 

outcomes.  

1.1.1. Variation in prostate cancer diagnosis 

In Australia, prostate cancer is mostly diagnosed in asymptomatic men. A general 

pathway to diagnosis usually begins with a prostate-specific antigen (PSA) blood test 

ordered by a man’s general practitioner (GP). PSA testing is conducted for suspected 

prostate abnormalities and is not used to diagnose prostate cancer. However, if the 

results are indicative of prostate cancer, men are referred to a specialist clinician for 

further tests, usually ending with a confirmatory biopsy. The biopsy is also used for 

staging and grading of the cancer. Similar methods of testing are used globally, with 

PSA testing as the initial test for prostate cancer. 

There is some evidence that there is potential for both overuse and underuse of PSA 

testing. A study of Danish general practitioner (GP) registry data found that patients of 

GPs with higher PSA testing rates did not have reduced prostate cancer mortality, but 

had more downstream diagnostic and surgical procedures (Hjertholm et al., 2015). On 

the other hand, Calopedos et al. suggested that consistently lower testing rates in 

Australia's rural areas between 2002 and 2017 have resulted in more prostate cancer 

missed for men in rural areas (Calopedos et al., 2019). Concerns over time to prostate 

cancer diagnosis, particularly in rural Western Australia, have led to GP-level 
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interventions (resource cards of risk assessment charts and referral pathways) (Emery 

et al., 2014). 

There have been several attempts to understand GP attitudes to PSA testing in 

Australia. Surveys of Australian GPs found evidence that PSA testing rates are related 

to a GP’s perception of whether too few (underdiagnosis) or too many (overdiagnosis) 

prostate cancer cases are being detected (Pickles, Carter, & Rychetnik, 2015). GPs 

in Australia do not routinely receive information about their PSA testing (e.g., prostate 

cancer cases detected per PSA test). They may also be uninformed of the additional 

tests and treatments a patient receives once referred to a specialist. GPs may also be 

concerned about the outcomes of undertesting (e.g. litigation). 

Delays to subsequent prostate cancer care can be a source of stress to prostate 

cancer patients (Tran et al., 2015). Referral to a prostate cancer specialist took at least 

three months for a third of patients diagnosed with prostate cancer in one of 5 Victorian 

Comprehensive Cancer Centre hospitals between Oct 2012 and April 2013 (Lacey et 

al., 2016). These delays suggest there is some variation not only in who is tested, but 

how long it takes to complete testing.  

1.1.2. Variation in prostate cancer management 

One well-documented area of differences in prostate cancer care is the variation in 

prostate cancer management. There are several approaches to the management of 

localised prostate cancer: observation (e.g., surveillance), curative treatment (e.g., 

prostatectomy, radiotherapy) and non-curative treatment to manage symptoms (e.g., 

chemotherapy). Risk related variation in patient management is efficient. Recent 

international guidelines recommend surveillance instead of curative treatment for men 

with low-risk prostate cancer, or asymptomatic men for whom prostate cancer is 

unlikely to affect them in their lifetimes (National Institute for Health and Care 

Excellence, 2019; Prostate Cancer Foundation of Australia and Cancer Council 

Australia PSA Testing Guidelines Expert Advisory Panel, 2015). 

However, there is also some evidence of unwarranted variation. US longitudinal 

studies of registry data (SEER, National Cancer databases) have found differences in 

management across: 
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• institution characteristics (lower treatment rates in academic centres (Löppenberg 

et al., 2017; Pooli et al., 2019), reduction of prostatectomy in patients of facilities 

with groups of clinicians vs solo physicians (Satkunasivam et al., 2018)) and 

location (regional variation in treatment decisions) (Burt, Shrieve, & Tward, 2018; 

Cary et al., 2016; Dasgupta et al., 2019; Pooli et al., 2019);  

• by patient insurance status (higher likelihood of treatment in patients with health 

insurance) (Burt et al., 2018; Pooli et al., 2019), race (Caucasian patients more 

likely to receive treatment(Pooli et al., 2019);  

• physician attitudes (physician social networks associated with variation in 

prostatectomy (Pollack et al., 2012), physician behaviour patterns associated with 

overuse of imaging for staging/surveillance in low-risk disease (Lipitz-Snyderman 

et al., 2016)). Physician attitudes to treatment may also vary information they 

gather before recommending treatment (when considering a hypothetical patient, 

different oncologists considered between 5 and 69 questions about the patient 

essential) (Feldman-Stewart et al., 1998). 

Differences in treatment by location, insurance status, and race are potentially 

inefficient and raise equality issues, e.g., where not all patients with equal need are 

treated equally. Studies in Australia found similar differences in treatment variation. 

Men residing in more rural areas or more socioeconomic disadvantaged areas of New 

South Wales are less likely to receive radical prostatectomy (Hayen, Smith, Patel, & 

O'Connell, 2008). Furthermore, hospital location was associated with variation in the 

rate of observation in Victoria (Ong et al., 2019) and remote residence in South 

Australia was associated with a reduction in access to certain types of radiotherapy 

(patients less likely to get brachytherapy) (Morias et al., 2020). 

The thesis focuses on the effect of interventions that reduce variation in prostate 

cancer care, but these may not address all unwarranted variation.  

1.1.3. Variation in outcomes  

While there is evidence of variation in care, it is important to know whether this 

variation is likely to result in poorer clinical and patient outcomes. There have been 
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attempts to estimate the causal relationship between differences in prostate cancer 

outcomes and variation in care. However, it can be challenging to isolate the effect of 

one particular aspect of care to prostate cancer-related outcomes, such as quality of 

life and mortality where the disease trajectory and care pathway are so prolonged. 

Instead, prostate cancer organisations have generally relied on quality indicators 

measured as the quality of the process or short-term patient and clinical outcomes. 

These can include the reporting of staging and prognostic factors before treatment; 

perioperative outcomes for patients receiving prostatectomy (e.g. blood use, length of 

hospital stay); surgical outcomes (e.g. whether some cancer tissue remains after 

prostatectomy, a positive surgical margin); short term patient-reported outcomes 

(sexual, urinary and bowel function following treatment); and cost of treatment. 

There is some evidence that these outcomes may also be subject to unwarranted 

variation: individual hospitals in Washington state had different lengths of stay for 

prostatectomy (where hospital choice was associated with 26.7% of the variation in 

the length of stay) (Gore et al., 2012); US academic institutions reported lower positive 

surgical margin (PSM) rates following prostatectomy than other institution types (Pooli 

et al., 2020); and quality indicators related to reporting varied by treatment modality 

(EBRT patients more likely to have staging data and pre-treatment urinary and sexual 

function recorded than surgical patients) (Miller et al., 2007). Within treatments there 

can also be variations of outcome: there is some international evidence that robot-

assisted radical prostatectomy is associated with higher costs, but the shorter length 

of hospital stay compared to open radical prostatectomy (Basto et al., 2016; Close et 

al., 2013; Forsmark et al., 2018; Leow et al., 2016; Liberman, Trinh, Jeldres, & Zorn, 

2012; Medical Advisory, 2010; Mouraviev et al., 2007; "Robotic Surgical System for 

Radical Prostatectomy: A Health Technology Assessment," 2017; Florian Rudolf 

Schroeck et al., 2017; Tang et al., 2017). These short-term differences however may 

not translate to different outcomes. A recent Australian RCT (comparing 2 surgeons 

with 163 patients each) demonstrated similar oncological and patient outcomes for 

both robot-assisted and open surgery (Coughlin et al., 2018).  

To understand differences in quality and variation of care for a given patient, influences 

of prostate cancer care behaviours must be understood. 
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1.2. Assessing the quality of care 

Differences in the management of similar patients have consequences for the quality 

of care they receive. Measurement of the quality of care is often categorised using 

(Donabedian, 2005): 1) process (e.g., appropriate medical care); 2) outcomes (e.g., 

patient-reported outcomes after treatment); and 3) structure (e.g., availability of 

equipment, qualifications/skill of the physician). 

Measures of process quality in prostate cancer often develop from guidelines and 

outcome quality from prostate care providers (Kötter, Blozik, & Scherer, 2012). 

Schroeck et al. used the Donabedian structure to establish a framework to assess the 

quality of care in prostate cancer and found that compliance with many measures was 

less than 80%. Measures included recording clinical staging, family history, baseline 

urinary/sexual/bowel function; avoiding overuse of bone scan for low-risk prostate 

cancer; and scheduling two or more follow up visits in the year after initial treatment. 

Therefore, if achieving these quality indicators represents good quality care, there is 

the potential for improving patient care by improving compliance with these indicators 

(F. R. Schroeck, Jacobs, & Hollenbeck, 2013). 

Similarly, the thesis used this Donabedian structure to identify and assess potential 

influences and interventions on prostate cancer care quality. The measures of prostate 

cancer care  are considered as such: 1) process: reducing overuse of PSA tests in 

asymptomatic men,  avoiding overtreatment in low-risk-men; 2) outcomes: surgical 

quality measured through PSM, patient-reported outcomes; and 3) structure: surgeon 

experience with robotic surgery.  There is evidence, discussed in the sections below, 

that interventions to improve quality of health tend to address one of the three 

categories and that interventions may be better at addressing process measures than 

outcome (which may rely on process or structure changes to address) or structural 

quality indicators (which may require more financial or leadership support than 

individual process changes). In prostate cancer care, process quality indicators also 

tend to be the easiest to collect data for, e.g., numbers of PSA tests, whereas structural 

and outcome measures often require reporting by patients or clinicians. 
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1.2.1. What influences provider behaviour? 

1.2.1.1. Influences to process and outcomes 

There are several common approaches to influence provider behaviour in terms of 

process quality (e.g. treatment decisions) and outcome (e.g. patient-reported quality 

of life or mortality). One common technique is using consensus or evidence-based 

guidelines, published by healthcare organisations or governing bodies, such as 

Cancer Council or National Health and Medicine Research Council in Australia or 

National Institute of Health and Care Excellence in the UK. There are also specific 

recommendations for clinicians, such as the Royal College of General Practitioners 

Guidelines for preventative activities in general practice series. Guideline production 

may involve an implementation strategy. For example., NHMRC provided a clinician 

guide for discussion (National Health and Medical Research Council, 2014) to go with 

PSA testing recommendations (Royal Australian College of General Practitioners, 

2012). Historically, however, guidelines have been expected to change clinical 

behaviour primarily through knowledge provision. This knowledge may be adequate 

to overcome barriers such as changes in consensus and evidence over time. 

However, patient preferences and inability to implement recommendations (e.g., lack 

of support from peers and supervisors, lack of access to technologies) may prevent 

clinicians from responding to guidelines. There is also some evidence that guidelines 

may not provide enough knowledge to clinicians to judge their performance, as 

clinicians may overestimate their (and their peers’) clinical performance (Gude et al., 

2018). 

One way to provide clinicians with information on their performance is through auditing 

and feedback. Auditing and feedback refer to reporting quality indicators and provider 

behaviours to clinicians, their departments/hospitals, or publicly. The target audience 

of the feedback may also alter the mechanism by which it affects change. Mechanisms 

can include fear of reputation loss, direct financial rewards through pay-for-

performance strategies. For peer comparison feedback, clinicians may respond to the 

pressure of being at least as good as their peers, but may be dismissive if the choice 

of indicators and evaluation of their work is conducted by researchers external to their 

field (i.e. non-peers). This is the expectation of the peer comparison feedback 
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presented to urologists on the Prostate Cancer Outcome Registry-Victoria, which 

compares how successful urologists were at meeting prespecified quality indicators. 

Feedback may be limited by its quality, such as choice of indicators or presentation of 

feedback. Two common presentations of feedback are league tables (where providers 

are given a summary score for quality and compared to their peers, often using 

ordered bar plots) and funnel plots (where success rate of individual behaviours for 

providers are compared to their peers including both an average and a confidence 

interval to compare the behaviour to). Funnel plots are discussed further in Chapter 4 

to describe their use in registry feedback. Because they tend to focus on individual 

behaviours rather than an aggregate score, and are constructed to show an individual 

providers variation from the average of all providers, funnel plots are considered more 

statistically sound than league tables (Spiegelhalter, 2005). Feedback may also be 

limited by competing or unclear elements, and the clinician perception of the 

importance of a performance measure. Clinicians were historically not involved in 

quality improvement (Audet, Doty, Shamasdin, & Schoenbaum, 2005). Methods for 

engagement are relatively new, resulting in quality indicators of differing relevance to 

patients and the public. A focus on process indicators (e.g. reporting of staging data) 

might have fewer benefits than outcome indicators (PSM, biochemical recurrence, 

patient-reported outcomes), which may be more relevant to patients and clinicians 

(Pross, Geissler, & Busse, 2017).  

1.2.1.2. Influences to structure 

There are also approaches to affect structural elements (e.g. facilities, clinician 

qualifications) of quality assessment, and these are often linked to changes at the 

organisation level. One of these includes clinician collaborations who seek to improve 

quality of care through shared knowledge, networking, peer comparison and collective 

power to direct and dedicate resources. These collaborations can take the form of 

multi-disciplinary teams, clinician networks and clinical quality registries. Clinical 

quality registries collect data on treatment and outcomes and use them to provide 

feedback to clinicians who take part in the registry. For example, Prostate Cancer 

Outcomes Registry- Victoria collects prostate cancer patient data in Victoria to provide 

peer comparison feedback to clinicians. Some barriers to change through these 
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collaborations may include financial incentives to overuse resources or not change 

financially-beneficial behaviours; or lack of support by management and peers. 

Another structural element that can influence provider behaviour is the training, skills, 

and qualifications clinicians may have. Additional training or skills help increase 

clinician knowledge. They may come with professional pressure to improve or financial 

incentive, where clinicians may negotiate higher pay based on specialised services 

they can offer. The uptake of robot-assisted radical prostatectomy (RARP) is an area 

of prostate cancer care where additional training is anticipated. 

RARP is also an example of another structural component that can change provider 

behaviour: changes to available technology and clinician skills. It is likely that new 

technologies have new costs and benefits, may improve clinician morale, or 

encourage high-quality clinicians' recruitment. There may also be a financial incentive 

when patients are more willing to pay for new technologies for perceived benefits. 

However, new technologies may not always be financially viable, and not all clinicians 

may have access to new technologies. Furthermore, should the new technologies fail 

to provide benefits, this may reflect poorly on the quality of care from the chosen 

provide. New technologies may also introduce new variations in care, where clinicians 

do not have similar experience or skill with using the latest technology. In the case of 

prostate cancer, surgeons may try to have skills in multiple surgery types to offer to 

their patients, but this could mean they are less able to specialise. RARP is chosen as 

the focus of the exploring the effect of experience with new technology as surgery 

method and outcomes are well-documented within the available dataset. Other new 

technologies in prostate cancer are available, such MRI and PSMA-PET, but these 

are not well recorded in the data, are hard to allocate to as one clinician’s 

responsibility, and the feedback that clinicians receive does not currently provide direct 

consequences of these scans. Therefore, it would be difficult to isolate the effect of 

these technologies within the context of data currently available. 

Often behaviour modifiers are used in combination. For example, feedback can 

promote adherence to guidelines, and registries can collect data for the feedback 

reports. 
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In the following chapters, the focus is on factors that have been used in Australia to 

influence provider behaviour in prostate cancer: 

• Guidelines to reduce PSA testing in asymptomatic men (the expectation that PSA 

testing was overused)  

• Feedback to promote adherence to localised prostate cancer management 

recommendation (the expectation of overtreatment in low-risk patients)  

• Feedback on localised prostate cancer outcomes (the expectation that PSM rates 

and patient-reported outcomes can be improved)  

• Experience of technological innovation and adoption decisions using the example 

of robot-assisted radical prostatectomy as an alternative to open radical 

prostatectomy and its effect on prostate cancer outcomes (frequent use of RARP, 

but not recommended for all patients by international guidelines)  

This thesis evaluates the effectiveness of these means to change provider behaviour, 

reduce variation in care, and improve prostate cancer patients' outcomes. 

1.2.1.3. Evidence of the effect of guidelines 

National evidence-based guidelines exist for the treatment of localised prostate cancer 

in Australia (Prostate Cancer Foundation of Australia and Cancer Council Australia 

PSA Testing Guidelines Expert Advisory Panel, 2015) and general practice screening 

handbooks are revised every few years to provide GPs with the latest consensus and 

evidence on PSA testing (Royal Australian College of General Practitioners, 2018) 

Several reviews have examined interventions to increase adherence to guidelines 

across several populations. They have included interventions such as external 

inspection of adherence to recommendations (Flodgren, Gonçalves‐Bradley, & 

Pomey, 2016), payment for services (Flodgren et al., 2011), specialised personnel 

involvement (Bighelli et al., 2016; Flodgren et al., 2013), rewriting guidelines (Bighelli 

et al., 2016). The studies included randomised control trials (RCTs) and observational 

studies. There is some evidence that guideline dissemination alone is not sufficient to 

change healthcare professionals' behaviour (Tzortziou Brown, Underwood, Mohamed, 
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Westwood, & Morrissey, 2016). Financial incentives are also not shown to be a strong 

driver of compliance with guidelines (Flodgren et al., 2011). Generally, guidelines are 

developed to affect process changes, i.e. modifications to provider behaviour. 

Deciding to test men for prostate cancer can be a complex decision for men and their 

GPs, and a consensus guideline does not mean that there will be consensus in testing. 

Therefore, the variation in response to the guidelines in different states representing 

different professional environments and attitudes is tested. 

1.2.1.4. Evidence of the effect of registries and collaborations 

Formal clinical collaborations have existed in some form since at least the 18th Century 

(Shaw, 1968), often as societies that could share knowledge and establish clinician 

networks. A more recent development has been collaborations to build clinical 

registries where patient data can be collected to represent current practice, identify 

areas where the care may be improved, and provide a structure to implement changes. 

These are becoming increasingly common, with 31 disease- and state-specific 

registries currently listed by the Australian Commission on Safety and Quality in Health 

Care (Australian Commission on Safety and Quality in Health Care, 2019)  

One of the most extensive international prostate cancer collaborations has been the 

PRIAS Project (Prostate Cancer Research International Active Surveillance, 

https://www.prias-project.org/), coordinated by the European Randomized Study of 

Screening of Prostate Cancer (https://www.erspc.org/). The PRIAS Project examines 

the effectiveness of active surveillance for low-risk patients as an alternative to 

curative treatment with data from medical centres located in Europe, Japan, Australia 

and New Zealand, among others. In the US, accountable care organizations (ACOs) 

are collaborations formed to encourage clinician engagement in quality improvement. 

Newly diagnosed prostate cancer patients (between 2012 and 2014) with a high risk 

of mortality within ten years had a significantly lower likelihood of potential 

overtreatment if their urologist was more engaged with the ACO (top quartile 

compared to bottom quartile). No significant difference was seen in other treatments 

or costs in general (Modi et al., 2018). ACOs are also expected to encourage 

coordination of care but could discourage sending patients to specialised care centres 

(Hohn, 2012). 

https://www.prias-project.org/
https://www.erspc.org/
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One specific collaboration, the Michigan Urological Surgery Improvement 

Collaborative (MUSIC) is a state-wide physician-led collaboration designed to improve 

prostate cancer care (Riedinger et al., 2014). It provides physician-led learning 

opportunities such as video review of RARP to understand variation among surgeons 

(Wu et al., 2020). From 2014 it began reporting comparative performance feedback 

using the Qualified Clinical Data Registry Quality reporting system and in 2017 

introduced a merit-based incentive payment system 2017 (Michigan Urological 

Surgery Improvement Collaborative, 2020). These measures have potentially 

improved surgery outcomes because surgery complications dropped by 2.6% (Share 

et al., 2011).  

Cancer registries have existed in Australia since at least 1972 (Cancer Institute NSW, 

2020). These registries record cancer incidence by cancer type and patient 

demographics. Their original purpose was to provide descriptive statistics as a 

resource for planning care services and provide opportunities to collaborate in 

research such as case-control studies (McCredie, Coates, Churches, & Taylor, 1991). 

Cancer registries have been used to track prostate cancer incidence over time and 

reflect upon practice changes. For example, prostate cancer incidence rose sharply 

after the introduction of PSA testing in NSW (Bird et al., 2005; Smith, Supramaniam, 

Marshall, & Armstrong, 2008). 

As well as general cancer registries, specific localised prostate cancer registries have 

been introduced. South Australian Prostate Cancer Clinical Outcomes Collaborative 

has recorded data on localised prostate cancer diagnosed and treated in South 

Australia in greater depth than the general cancer registries since 1998. In late 2008, 

Victoria established the first Australian clinical quality registry for prostate cancer in 

Australia, providing peer comparison feedback to hospitals and urologists: The 

Prostate Cancer Outcomes Registry- Victoria (PCOR-Vic) (The Australian 

Commission on Safety and Quality in Health Care, 2016). PCOR-Vic provides a 

potentially large evidence base to demonstrate an impact of the registry upon clinical 

practice and patient outcomes, and examine provider behaviours towards emerging 

technologies and changing guidelines. From 2008 to 2019, the number of contributing 

hospitals increased from 3 to 82, with over 26,000 patients included between 2008 

and 2019 [data on file]. 
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Despite the expectation that clinical quality registries aim to improve clinical and 

patient outcomes by incentivising provider behaviour changes, few studies have 

rigorously tested the use of registries as an intervention on provider behaviours and 

health outcomes. A recent systematic review of clinical quality registries identified 17 

studies, including 6 for diabetes care, 2 for cardiac disease, 2 for lung disease, and 

the rest on organ transplantation, rheumatoid arthritis, ulcers, surgical complications 

and kidney disease (Hoque et al., 2017). The majority of studies were non-

experimental (11 studies) and used statistical techniques to adjust longitudinal data 

for biases to estimate the intervention's effect. The effects examined differed across 

the registries but included changes to the quality of care, care processes, treatment 

outcomes, adherence to guidelines and survival. Sixteen studies reported 

improvements in their interested outcomes after implementing the registry, suggesting 

a positive impact on clinical outcomes (Hoque et al., 2017). The different aims of the 

registries and methods for adjusting the observational data make it challenging to 

extrapolate the findings from one registry to another. However, in general, registries 

seem to improve the outcomes they set out to improve (Hoque et al., 2017). 

Clinical registries can also be used as a research tool, to conduct studies that collect 

additional primary data or analyse the data already collected and assess how process 

guidelines can translate to patient outcomes. In Germany, providers must engage in 

quality assurance procedures, and clinical cancer registries collect the data (Inwald, 

Klinkhammer-Schalke, Koller, & Ortmann, 2014). Breast cancer quality indicators in 

this setting showed that adherence to treatment guidelines improved patient outcomes 

(higher overall survival) (Inwald et al., 2014). Similarly, in the US, CEASAR 

(Comparative Effectiveness Analysis of Surgery and Radiation) used registry data on 

2,601 men localised prostate cancer between 2011-2012 to assess how quality 

measures translated to patient outcomes. No quality measure (avoidance of bone 

scan in low-risk tumours, ADT for high-risk patients, documentation of clinical T (cT) 

stage and Gleason score at diagnosis, documentation of digital rectal examination 

(DRE), Gleason score before initial treatment, documentation of discussion of 

treatment options, documentation of pathological T (pT) stage, pN, positive surgical 

margin status for men undergoing RP) was associated with changes in patient-centred 

outcomes (quality of life, satisfaction, or complications) (Sohn et al., 2016). 
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Clinical registries can also be used to assess structural quality indicators, e.g., clinician 

experience of technologies within the registry. Registry data have previously been 

used to compare surgical outcomes (e.g., PSM) for RARP and open radical 

prostatectomy (ORP) (S. M. Evans et al., 2014; Lowrance et al., 2010). These studies 

have not compared surgical technique at the system level (e.g. the average effect of 

RARP versus ORP on surgical and patient outcomes), with adjustment for different 

levels of surgeon experience of RARP (e.g., number of RARPs conducted). This thesis 

uses the PCOR-Vic to assess how RARP experience affects patient and surgical 

outcomes collected by the registry.  

1.2.1.5. Evidence of the effect of feedback 

Registries can also be used to collect data that is disseminated as feedback to 

clinicians and hospitals. For example, the PCOR-Vic seeks to alter behaviours and 

outcomes by providing benchmarking reports of 11 indicators (in areas such as 

diagnosis; management, and outcomes) to urologists and hospital stakeholders every 

six months, as well in the annual public reports (Sampurno F and Evans SM (eds) for 

the Victorian Prostate Cancer Clinical Registry Steering Committee, 2015). The 

registry is concerned with reducing unnecessary treatment (in patients for whom 

monitoring would be more beneficial) and surgical outcomes (reducing the likelihood 

of cancerous tissue missed during prostatectomy: positive surgical margins).  

The PCOR-Vic began producing individual peer-comparison reports for urologists and 

hospitals in late 2012, after working closely with clinicians to choose the quality 

indicators that would be most relevant to them and help them change behaviours. The 

development of these reports remains a continuing process. On request, participating 

urologists receive 6-monthly reports online and in hardcopy as these were more likely 

to be read (personal communication with registry, SE). However, data on urologist 

engagement with the reports is not clear and should be a consideration as the reports 

are developed.  

Currently the reports contain peer comparison funnel plots of specific quality indicators 

and from 2019 introduced cumulative sum plots for individual urologists and hospitals 

to track their own outcomes. Reports to individual urologists also detail specific 

patients who have received management unexpected for their risk status (e.g., high 
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risk but did not receive treatment). There have been investigations into how to best 

present feedback to clinicians and stakeholders (Koh, 2017); possible considerations 

of expanding individualised reports (currently only urologists receive individualised 

feedback); and whether other areas of patient care could be improved (M. A. Evans et 

al., 2018). This thesis builds on this knowledge to identify areas where provider 

behaviour varies and assess interventions that may change clinician practice and 

promote better care outcomes. 

Previous assessment of PCOR-Vic between 2009 and 2013 using ARIMA methods 

suggested that Victorian prostate cancer care improved across three quality indicators. 

These indicators aim to reduce treatment in low-risk men, increase treatment with a 

year of diagnosis in higher-risk men, reduce positive surgical margins in men with pT2 

staged disease (Sampurno et al., 2016). However, this restriction to specific patient 

characteristics does not reflect a complete analysis of prostate cancer care quality in 

Victoria or interventions to change provider behaviour. 

A Cochrane review of RCTs (Ivers et al., 2012) (an update of (Jamtvedt, Young, 

Kristoffersen, O'Brien, & Oxman, 2006)) assessed the impact of feedback and audit 

as interventions to changes in the behaviour of healthcare professionals in primary 

and secondary care. Ivers et al. found that audit and feedback generally improved 

compliance to desired practice and patient outcomes (Ivers et al., 2012). In particular, 

they found that feedback was most effective when clinicians had low baseline 

performance; received feedback from a colleague or supervisor (rather than external 

source); received feedback more than once; received feedback in both written and 

verbal formats; and received feedback which included targets and an action plan (Ivers 

et al., 2012). There was more evidence that feedback could improve clinical practice 

outcomes than patient outcomes. Four studies were identified that assessed the 

effectiveness of peer comparison feedback. One study showed improvement in 

diabetes care and included peer comparison and benchmarks for clinical outcomes 

(Kiefe et al., 2001). Three studies provided peer comparison feedback to clinicians 

treating asthma and showed mixed improvement following feedback. Methods of 

feedback were mixed and included group feedback in-person and written feedback in 

aggregate tables and guideline information. None of these studies included 

comparative feedback presented in funnel plots or were in prostate cancer. Indeed, 
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while there have been some studies committing an audit of prostate cancer treatment 

in recent years (Alghamdi et al., 2016; Martin, Persaud, Corr, Casey, & Pillai, 2018), 

these have been used to establish compliance with guidelines, but not how practice 

changes after the audit. 

Comparative feedback is expected to promote behaviour change in clinicians primarily 

through a peer effect. Bevan (2009) believes that the most significant change in 

response to comparative feedback comes from inferior quality healthcare providers 

responding to reputational damage (Bevan & Hamblin, 2009). Whether ambulance 

services met targets (most notably to respond to 75% of life-threatening emergency 

calls with 8 minutes) in England was reported to the public via a star rating. Scotland 

and Wales had the same target but no public reporting of whether the target was met. 

England had better rates of meeting the performance targets, believed to be a result 

of reputational damage to receiving a low star rating. Bevan also discussed some 

problems with implementing star ratings, including the appropriate selection of 

indicators, nature of quality measures, and aggregation of ranking. There were also 

concerns with practitioner response, such as the potential for gaming (providers 

improving targets set, to the detriment of other health care measures/healthcare 

overall), or damaging staff morale to the detriment of patient outcomes (due to 

absence of staff through sick leave, redundancy, quitting or less efficient staff because 

of their poorer psychological health) (Bevan & Hamblin, 2009). 

Clinician attitude to feedback can act as a modifier to the effectiveness of feedback. 

Gude et al. found that audit and feedback to 72 intensive care professionals (21 Dutch 

institutions) helped care professionals correct estimations of clinical performance 

(peer and self-performance were previously overestimated) and increased intentions 

to improve (although many intended to improve before feedback). Where 

professionals did not intend to improve (8.3%), clinicians did not consider indicators 

important, did not trust the data, or deemed benchmarks unrealistic (Gude et al., 

2018). 

Bird recommends repeated collection and dissemination of feedback as a facet of 

quality improvement (Bird et al., 2005). Feedback would hopefully result in an 

increased response over time as repeated feedback on comparative 

underperformance is received both as the average performance improves and 
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individual experience of feedback increases, in line with the theory of healthcare 

improvements described by Prochaska et al., 1984 (Prochaska & DiClemente, 1984). 

However, repeated feedback exposure may also induce desensitisation and self-

justification for underperformance. Furthermore, for individuals who respond quickly 

to feedback, there may be less significant behaviour changes with repeated feedback 

(e.g., (Lenderink, Spreeuwers, van der Klink, & van Dijk, 2010)] 

The thesis investigated whether feedback stratified by risk leads to changes in the 

expected direction (reduce overtreatment in low-risk prostate cancer, increase 

treatment in high-risk prostate cancer). The thesis also considered how clinicians 

respond to surgical and patient outcomes that may result in competing clinician 

practices, for which no evidence in prostate cancer was identified. 

1.3. Aim of the thesis 

This thesis examines the effect of changes in prostate cancer clinical guidelines, the 

implementation of a system of audit and feedback to specialists, and the adoption of 

new technology on provider behaviour and patients with localised prostate cancer. 

We focus on three specific questions and highlight which of the 3 Donabedian 

categories each chapter uses (process, outcome, structure). 

1. Do guidelines result in changes in provider behaviour and improvements in 

prostate cancer care? 

Specifically: Is the introduction of general practitioner (GP) guidelines restricting 

PSA use associated with a reduction in PSA testing rates (process) and 

improvement in the efficiency of prostate cancer detection (outcome)? (Chapter 

2) 

2. Does individualised feedback to clinicians result in improvements in the quality of 

prostate cancer care 

Specifically: Does feedback on treatment decisions and surgical quality reduce 

overtreatment in low-risk patients (process), reduce time to curative treatment 
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for high-risk patients (process), and improve patient outcomes indicators 

(outcome)? (Chapters 3 and 4) 

3. Does clinician experience of new technology improve patient outcomes in prostate 

cancer? 

• Specifically: Are patient outcomes (outcome) improved following surgery with 

robot-assisted radical prostatectomy compared to open radical prostatectomy 

(structure)? Do surgeons with more experience of RARP (structure) see more 

improvement (outcomes) than ORP? (Chapter 5) 
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2. State-level changes in prostate cancer detection and 

response to guidelines: an interrupted time series 

analysis 

2.1. Introduction 

Prostate cancer is the most commonly diagnosed cancer in men in Australia, with 

19,305 new cases diagnosed in 2016 and 16,741 new cases predicted for 2020 

(Australian Institute of Health and Welfare, 2020). The majority of prostate cancers are 

diagnosed in asymptomatic men, through PSA blood tests followed by a biopsy. 

Diagnosis in asymptomatic men results in cancer usually being confined to the 

prostate (localised) when diagnosed. In Victoria, localised cancer accounts for 70-80% 

of all prostate cancer diagnoses each year (73% in 2014; data provided by PCOR-Vic 

July 2017). Localised cancers can take many years to spread, become symptomatic 

or cause death. Their management with prostatectomy or radiotherapy may cause 

unnecessary harm (Prostate Cancer Foundation of Australia and Cancer Council 

Australia PSA Testing Guidelines Expert Advisory Panel., 2016 ). Therefore, early 

diagnosis and treatment of localised prostate cancer may have little economic value. 

Unnecessary prostate cancer treatment may arise through overdetection, false-

positive test results, or low risk of cancer progression. Exact figures are unknown, but 

Loeb et al. report over detection rates between 1.7% and 67% (Loeb et al., 2015). 

Records of age-standardised rates of prostate cancer detected (usually by cancer 

registries) have shown fluctuations in the rates of prostate cancer over time (Australian 

rates given in Figure 1), which is expected to reflect changes in the testing pathways 

for prostate cancer. For example, PSA blood testing first appeared in reimbursement 

schedules in Australia in 1989 (Smith & Armstrong, 1998) and during the 1990s PSA 

testing in asymptomatic men under the age of 65 years saw a sharp increase (Smith 

& Armstrong, 1998). PSA test introduction is likely to be why the rapid increase in 

prostate cancer detection in men peaked in 1994 (Feletto et al., 2015; Smith et al., 

2008) in Australia (Figure 1). This peak is far higher than the projected estimates of 

prostate cancer incidence (Smith et al., 2008). The cause of the initial rapid increase 

and drop off in incidence between 1990-1998 has been partially attributed to a larger 



 

36 

proportion of prostate cancer detection in earlier stage disease due to PSA testing 

(Smith et al., 2008). This trend of earlier detection of prostate cancer has continued 

(Smith et al., 2008). If men are identified in early-stage disease, there may be a larger 

proportion of men receiving unnecessary treatments. 

Figure 1 Prostate Cancer incidence in Australia, 1982-2015 

 

Source: Reproduced from ©2020 Cancer Australia - https://ncci.canceraustralia.gov.au using data 
sourced from AIHW 2018. Australian Cancer Incidence and Mortality (ACIM) books. Accessed October 
2020 

Currently, the general diagnostic pathway for prostate cancer is given in Figure 2. To 

diagnose prostate cancer, patients first receive at least one PSA blood test and a 

physical examination. A significantly high PSA result leads to a confirmation test, 

usually biopsy.  

Globally, there have been efforts in the last ten years to reduce what are viewed as 

inappropriately high rates of localised prostate cancer diagnoses (overdiagnosis). 

Overdiagnosis may result from false positive tests and from diagnosing very low-risk 

cancers that are unlikely to affect a man within his lifetime. These efforts to reduce 

overdiagnosis have been in part through the dissemination of new guidelines for 

opportunistic testing (National Health and Medical Research Council, 2014; National 

Institute for Health and Care Excellence, 2019; Prostate Cancer Foundation of 
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Australia and Cancer Council Australia PSA Testing Guidelines Expert Advisory 

Panel, 2015; US Preventative Services Task Force, 2008, 2012). Guidelines are 

considered effective in reducing testing of men over 50 years old in the US, but 

overuse of PSA testing in older age groups is still a concern (Drazer et al., 2015). 

In Australia, national diagnostic recommendations have aimed to reduce the number 

of PSA blood tests in asymptomatic men over the past ten years. The 6th and 7th 

editions of the Guidelines for preventive activities in general practice (released 2005 

and 2009 respectively) recommended opportunistic testing for men between 50 and 

75, but emphasise the disadvantages of testing: unproven survival benefit, and urinary 

and bowel incontinence and erectile dysfunction resulting from treatment (Royal 

Australian College of General Practitioners, 2005). The 7th edition also recommended 

digital rectal examination (DRE) alongside PSA testing. It was also the first edition that 

explicitly described the possibility of overdetection associated with PSA screening 

(Royal Australian College of General Practitioners, 2009). The 8th edition of the 

Guidelines for preventive activities in general practice (2012) required patients to 

request testing. It included additional disadvantages compared to previous editions, 

including increased risk of suicide and cardiovascular disease following prostate 

cancer diagnosis and the chance of sepsis following biopsy (Royal Australian College 

of General Practitioners, 2012). A timeline of potential modifiers to prostate cancer 

testing is given in Appendix 7.1, p132. 

States were anticipated to have different approaches and attitudes to reducing low-

value prostate cancer care and encouraging guideline uptake. Some states introduced 

clinical registries for prostate cancer (Victoria [PCOR-Vic] in 2008 and South Australia 

in 1998), which provide additional information and encouragement for clinicians to 

implement guidelines. However, neither registry directly interacts with GPs, and 

though PCOR-Vic provides reports on prostate cancer care to urologists, it does not 

report to GPs. But developing a clinical registry, particularly one which provides 

feedback, may also be indicative of a broader attitude to quality improvement. For this 

reason, Victoria may have behaved differently to states with no registry in both the 

periods before and after the introduction of the prostate cancer registry. 

Incidence of prostate cancer was expected to be primarily driven by testing rates, but 

may also differ across states because of population characteristics including age, race, 
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family history, and socioeconomic status. Interpretation of patient risk (e.g., result of 

PSA) may also differ across states, with some more focused on reducing diagnosis in 

low risk men (e.g., repeat PSA testing may occur for men with borderline PSA levels). 

This analysis did not adjust for many of these characteristics due to a lack of data, but 

are important to interpreting the results. 

Also expected were differential effects of the guidelines by age because the risk of 

prostate cancer increases with age. However, the benefit of being prescribed curative 

treatment reduces with age, suggesting a prostate cancer diagnosis may be harmful 

in asymptomatic older patients and the cost of missing a prostate cancer diagnosis 

through asymptomatic testing is reduced. In older patients (75+ years old), the rate of 

cancer per test should not to change as much as other groups, as most cases are 

detected symptomatically. 

This study aimed to assess how clinicians in different states responded to the national 

GP guidelines for restricting PSA testing, by describing the changes in behaviours 

(diagnostic testing) and system effectiveness (cancer detected per test) and the speed 

at which the changes may occur. Changes to guidelines were expected to reduce 

testing rates and cases detected across all states, with the cases detected per test 

increasing for men under 75 years old. For men aged 75 and over, a decrease in 

testing may not yield an increase in cases detected per test. A secondary aim was to 

compare the effect of guidelines in states with anticipated different approaches to 

guideline adherence (e.g., as evidenced by the existence of a registry for prostate 

cancer that provides feedback to specific clinicians). Victoria may differ from the other 

states either through the indirect effect of the registry, or the wider attitude that resulted 

in the registry's development, decreasing testing and incidence from 2009 either 

faster, or in a more pronounced manner than the other states. Similarly, Victoria may 

have higher testing rates prior to 2009, in line with the guidance that recommended 

opportunistic testing of asymptomatic men. South Australia was excluded from this 

analysis as their prostate cancer registry was established in 1998 but did not produce 

feedback. 
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Figure 2 Testing pathways for diagnosing prostate cancer 

 

Notes: DRE= Digital rectal examination; PCa= prostate cancer; PSA= prostate specific antigen 

 

a)  

b)  
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2.2. Methods  

2.2.1. Data 

State-level cancer registries collecting incidence and mortality data have been 

established since at least 1972. They provide some information on prostate cancer 

incidence and detection changes over time. They also collect some demographic data, 

such as patient age to establish age-standardised trends. State-level prostate cancer 

case data, stratified by age group was received from Victoria (VIC), New South Wales 

(NSW), Queensland (QLD), and Western Australia (WA) cancer registries. Latest case 

data was from 2015 and each state and total number of cases ranged from 9,306 in 

2000 to 19,238 in 2009. Prostate cancer incidence per 100,000 men was calculated 

using state-level population data from The Australian Bureau of Statistics, 2017 

(Australian Bureau of Statistics, 2017). 

Resource use on PSA testing grouped by age was sourced from Medicare claims 

(accessed through the (Australian Government Services Australia, 2017) 

http://medicarestatistics.humanservices.gov.au/statistics/mbs_item.jsp). The PSA test 

under code 66655 was chosen as the PSA test of comparison as it is restricted to men 

with no previous diagnosis of prostate cancer and one per man per year. Cases per 

test can, therefore, be interpreted as cases per man tested. As this test was introduced 

in 2001 (and the description of follow up tests updated in 2002), analyses restricted to 

2002 onwards to adjust to the new code. As with cancer cases, PSA testing numbers 

were converted to PSA testing rates per 100,000 men for each year using state-level 

population data from The Australia Bureau of Statistics as published in 2016. Prostate 

cancer incidence and PSA testing rates were then used to calculate prostate cancer 

cases per 10,000 PSA tests, to measure the efficiency of testing in each state. Cases 

per test may be overestimated where cases are detected without prior PSA. 

Patients were grouped into three age brackets (<45 years, 45-74, and 75+ years), to 

reflect that PSA testing guidelines and the likelihood of prostate cancer differ with age. 

The numbers for <45 years old age group are small and therefore were not included 

in the main analysis.  

http://medicarestatistics.humanservices.gov.au/statistics/mbs_item.jsp
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Staging of cases would help identify whether men were being diagnosed later, but this 

was excluded from the analysis and staging data was only available for NSW. 

2.2.2. Interrupted time series analysis 

The response to the guidelines in different states were compared through cancer 

detection rates, PSA testing rates, and cases detected per PSA across time between 

Victoria and other states using comparative interrupted time series analyses (ITSA). 

An ITSA compares a treatment state to comparison states over time and with respect 

to a time cut-off. ITSA has previously been used to assess the impact of interventions 

to change provider prescribing and reporting behaviour (Ansari et al., 2003; Chhapola, 

Tiwari, Brar, & Kanwal, 2016), including the clinician response to guidelines (Curtis, 

Walker, & Goldacre, 2018; Dickson et al., 2017). In the analyses, 2009 was chosen as 

the cut-off, as it represents the first guideline change after 2002 that introduced an 

additional testing step (DRE), which may discourage unnecessary testing. 2009 was 

also the year that international policies suggested evidence was not strong enough to 

recommend opportunistic PSA testing. The GP guidelines did not explicitly mention 

the international policies, but did cite similar sources of evidence used to develop the 

guidelines. 

In this analysis, Victoria was compared to the average of all states with no prostate 

cancer registry during the period of interest (the comparison group). No single state 

was identified as being similar enough to Victoria in testing and detection in pairwise 

comparisons prior to 2009. 

Some age groups may be more affected by policy changes than others: men aged 

between 45 and 74 years will be most affected by the changes, as most diagnoses 

are made at these ages, and men over 75 are likely to be detected in different ways. 

For each outcome, Victoria was compared to the other states using a Stata program 

developed by Linden (2015) from the previously defined interrupted time series 

formula (Linden, 2015; Simonton, 1977, 1979): 
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𝑌𝑡  =  𝛽0 +  𝛽1𝑇𝑡 +  𝛽2𝑋𝑡 +  𝛽3𝑋𝑡𝑇𝑡  +  𝛽4𝑍 +  𝛽5𝑍𝑇𝑡  +  𝛽6𝑍𝑋𝑡  +  𝛽7𝑍𝑋𝑡𝑇𝑡+𝜖𝑡             (1.1) 

Where T=year, X= cut-off (0 if prior to cut-off (2009), 1 post cut-off (2009 onwards)), Z= state (0=average 
of comparison group [states other than Victoria], 1=VIC).  Y is the outcome variable, which in the first 
instance will be incidence 

Table 1 gives outcomes of interest from the ITS analyses that explore the states' 

trends in each time-period and the comparison across states or time-periods. Trends 

are compared prior to and from 2009 and between Victoria and the other states. 

Because Victoria could also differ from the other states prior to 2009, the overall trend 

changes pre-2009 to post-2009 for Victoria to the other states were not compared. 

One of the reasons a difference-in-difference analysis is not employed is that trends 

pre-2009 were not parallel. The results of equation (1.1) were presented visually in the 

results section, and described in full in Table 2. 

Also estimated were the average absolute rates of cases and testing in the population 

(and cases per test) to determine how the trends affect the population over time. 

Table 1 Formulae for outcomes of interest from interrupted time series analysis 

Outcome Formula 

Pre-2009 trend: NSW, QLD, WA 𝛽1 

Pre-2009 trend: VIC 𝛽1 + 𝛽5 

Difference in trends pre-2009: VIC vs NSW, QLD, WA 𝛽5 

Post-2009 trend: NSW, QLD, WA 𝛽1 + 𝛽3 

Post-2009 trend: VIC 𝛽1 + 𝛽3 + 𝛽5 + 𝛽7 

Difference in trends post-2009 VIC vs NSW, QLD, 
WA 

𝛽5 + 𝛽7 

Difference in trends pre and post-2009: NSW, QLD, 
WA 

𝛽3 

Difference in trends pre and post-2009: VIC 𝛽3 + 𝛽7 

Difference between VIC and NSW, QLD, WA trends 
pre- and post-2009 

𝛽7 

Based on (Linden, 2017) 

2.2.3. Robustness analyses 

Several GP guideline changes occur between 2002 and 2016: 2005 first introduced 

the requirement to inform men of the disadvantages of PSA testing, 2009 introduced 
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the DRE and 2012 no longer recommended opportunistic testing in asymptomatic 

men. These additional time cut-offs explored the assumption that 2009 is the primary 

time period of change. Because two of the time periods (2002-2005 and 2009-2012) 

only contain three time points, where one outlier can completely alter the direction of 

the trend, general trends are presented compared to the base case analysis, rather 

than quantified trendlines. 

In younger patients (<45 years old), no change in trends of diagnoses per test or 

biopsies per PSA tests is expected as these are a high-risk group where only 

symptomatic testing occurs. The guidelines have also remained relatively unchanged 

for this group, expanding family history requirements in 2009. Absolute rates of cases 

and testing are also expected to be much lower in this group (Royal Australian College 

of General Practitioners, 2009). 

2.3. Results 

2.3.1. Prostate cancer incidence 

Figure 3 shows the crude incidence rate of prostate cancer over time in Victoria (VIC), 

New South Wales (NSW), Queensland (QLD) and Western Australia (WA) unadjusted 

for age. In all four states, an upward trend in prostate cancer incidence from 2000 

resulted in an additional 50-100 prostate cancer detected per 100,000 men by 2009. 

From 2009 prostate cancer incidence declined for all states, with the sharpest decline 

seen in Victoria, where the reduction appears similar in magnitude to increase in 

prostate cancer incidence prior to 2009. Indeed, the other states appeared to be 

trending towards constant prostate cancer incidences compared to the large reduction 

seen in Victoria. The increase in prostate cancer appeared to slow earlier for QLD and 

WA, with incidence rates similar for both 2008 and 2009. It was unclear why this was 

the case, but may have been an early response to the developing evidence around 

PSA testing guidelines. Total case numbers in QLD and WA were highest in 2009 

(3,958 QLD, 2,004 WA), so incidence may also reflect a fluctuation in population 

numbers around this time. 
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Figure 3 Prostate cancer incidence by state 

 

Notes: PCa= prostate cancer incidence; NSW= New South Wales; QLD= Queensland; VIC= Victoria; 
WA= Western Australia 
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Figure 4 Estimated prostate cancer cases detected per 100,000 men, over time 

by age group, VIC vs comparison states (NSW, QLD, WA) 

 

Notes: PCa= prostate cancer incidence; NSW= New South Wales; QLD= Queensland; VIC= Victoria; 
WA= Western Australia 

 

Figure 4 onwards were produced using the ITSA formula in equation (1.1) and the full 

results that correspond to Table 1 are presented in Table 2, p51. Figure 4 shows the 

graphical result of the ITS analysis for prostate cancer cases detected per 100,000 

men (predicted incidence). The trends for NSW, QLD and WA were calculated from 

their average predicted incidence at each time point. Prior to 2009, all states had 

similar increases in cases detected, with an additional average 25.5 cases per 100,000 

men aged 45-74 diagnosed each year for NSW, QLD and WA; and 29.6 for Victoria. 

A smaller increase was seen in men aged 75 and over, 12.4 additional diagnoses per 

100,000 men each year on average in NSW, QLD and WA; 14.2 in Victoria. Absolute 

prostate cancer detection rates were much higher for men 75 years old and above in 

this period (prostate cancer was detected in around 1 in 100 men 75 and over, and 



 

46 

varied between 1 in 400 and 1 in 200 for those aged 45-74 years). For both age groups 

trends in prostate cancer detection rates were not statistically significantly different 

between Victoria and the other states from 2002 to 2009 (p>0.10).  

From 2009 onwards, all states and age groups saw a reduction in prostate cancer 

detection rates. For men aged 45-74 years a change in prostate cancer detection of -

12.1 (95%CI -17.7, -6.5) cases per 100,000 men each year was estimated for the 

comparison states (NSW, QLD, WA) and -28.1 (95%CI -39.3, -16.9) in Victoria. These 

reductions were significantly different from the increases in prostate cancer cases 

incidence recorded from 2002 to 2009. Victoria’s reduction was significantly faster than 

the other states, with cases changing by an additional -15.7 (95%CI -27.9, -3.55) 

cases per 100,000 men per year than the comparison states. Absolute estimates of 

prostate cancer remained around 1 case per 250 men in the comparison states and 

dropped from 1 case per 200 men to less than 1 case per 300 men in Victoria over the 

same time period. For men aged 75 and over, there was a significant reduction in 

prostate cancer incidence between 2009 and 2015 with absolute incidence estimates 

dropping as low as 3 cases per 400 men in the comparison states and 3 cases per 

500 men in Victoria. These trends translated to -36.8 (95%CI -50.3, -23.2) cases per 

100,000 men per year for the comparison states and -57.2 (95%CI -76.9, -37.6) for 

Victoria. These reductions equated to an additional -20.5 cases per 100,000 men per 

year for Victoria compared to the other states, significant at a 10% threshold. 

2.3.2. Prostate specific antigen testing 

Figure 5 shows the ITS analysis result for the number of PSA tests (Medicare item 

66655) per 100,000 men over time. As item 66655 allows only one PSA test per man 

per year, the PSA testing incidence should represent the number of men being tested 

each year (i.e. no repeat tests should be included). Full results of the trendlines are 

given in Table 2, p51. Prior to 2009, all states had increases in the rate of PSA tests 

conducted, with an additional 1,041 (95%CI 569, 1514) tests conducted per 100,000 

men aged 45-74 each year for NSW, QLD and WA; and 2,280 (95%CI 1818, 2742) 

for Victoria. A slower but similar increase was seen in men aged 75 and over (775 

additional tests per 100,000 men each year on average in NSW, QLD and WA; 1,844 

in Victoria). Absolute rates of PSA testing were also similar across the age groups in 
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this period. Roughly 1 test per 10 men at the beginning of the period up to 1 test in 

every 4 men by 2009. For both age groups, trends in PSA testing rates were 

statistically significantly different between Victoria and the other states from 2002 to 

2009, with Victoria increasing PSA testing by >1,000 PSA tests per 100,000 men every 

year compared to the comparison states (p>0.10). 

From 2009 onwards, all states and age groups saw a reduction in PSA testing rates. 

For men aged 45-74 years the annual change in PSA tests was -1,386 (95%CI -1700, 

-1,073) compared to -708 (95%CI -1,119, -298) per 100,000 men in other states 

(NSW, QLD, WA). Compared to the increase in prostate cancer cases incidence 

recorded from 2002 to 2009 in all states, Victoria’s reduction was significantly faster 

than the other states by -678 (95%CI -1,195, -162) tests per 100,000 men per year. 

The rate of PSA testing was similar in Victoria and the other states by 2015, with 

around 1 PSA test per 8 men for both men aged 45-74 and men aged 75 and over. 

For men aged 75 years and over, this translated to a change of -426 (95%CI -805, -

46) PSA tests per 100,000 men per year for the comparison states, and -1,000 (95%CI 

-1,244, -756) for Victoria. This faster reduction in Victoria meant the trend saw 575 

fewer tests per 100,000 men per year compared to the other states, significant at a 

1% threshold. 
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Figure 5 Estimated rates of PSA testing (per 100,000 men) by age group, Victoria 

vs comparison states (NSW, QLD, WA) 

 

2.3.3. Cases per test 

Figure 6 shows the graphical result of the ITS analysis for the number of prostate 

cancers detected per 10,000 PSA tests (Medicare item 66655) over time. Full results 

of the trendlines are given in Table 2, p51. Prior to 2009 Victoria saw a statistically 

significant decline in prostate cancer cases detected per 10,000 tests per year for both 

men between 45 and 74 (-9.36 cases per 10,000 tests per year, 95%CI -14.3, -4.43) 

and men aged 75 and over (-87.6 cases detected per 10,000 tests per year, 95%CI -

109, -66.6). By comparison, the other states saw a statistically non-significant increase 

in cases per 10,000 tests per year for men aged 45-74 (+2.03 cases per 10,000 tests 

per year, 95% CI -2.81, 6.87) and a slower, statistically significant decline in cases 

detected per 10,000 tests per year in men aged 75 and over (-26.8, 95%CI -43.1, -

10.5). Absolute estimates of cancer detected per 10,000 tests were similar prior to 

2009 for men aged 45-74 years (reducing from 1 in 40 to 1 in 60 in Victoria between 
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2002 and 2009 and staying around 1 in 50 for the other states). For men aged 75 

years and over cases detected per 10,000 PSA tests were higher in Victoria (approx. 

1 case per 10 tests) than the other states (approx. 1 case per 13 tests) in 2002 and 

reduced to 1 case detected per 25 tests in Victoria and 1 case in 17 tests in the other 

states by 2009.  

From 2009 onwards, all states and age groups saw no statistically significant trends 

in the rate of prostate cancer detected per 10,000 PSA tests. For men aged between 

45 and 74 years old both Victoria and the other states saw non-significant increases 

in prostate cancer cases detected per 10,000 PSA tests per year: an increase of 2.34 

cases per 10,000 tests per year (95% CI -2.00, 6.68) in Victoria, 1.09 (95%CI 9.54, 

11.7) in the comparison states. For men aged 75 and over the rate of reduction in 

cases per 10,000 PSA tests slowed in both Victoria and the other states: -0.4 (95%CI 

-13.5, 12.7) cases per 10,000 PSA tests per year in Victoria and -18.1 (95%CI -40.7, 

4.4) cases per 10,000 tests per year in the other states. The trend in Victoria from 

2009 was not significantly different from the other states in either age group. Overall, 

Victoria saw statistically significant changes in prostate cancer cases detected per 

10,000 tests per year when pre- and post-2009 time periods were compared. The 

other states did not see a significant change in trend before and after 2009. Absolute 

prostate cancer rates detected per 10,000 tests were higher in the other states than 

Victoria (1 case in 30 tests compared to 1 case in every 50 tests) for men aged 45-74 

years from 2009. For men aged 75 years and over, absolute rates of prostate cancer 

detection per 10,000 PSA tests differed between the states in 2009  with 1 case per 

20 tests for Victoria compared to around 1 case per 15 tests for the other states. By 

2016 Victoria remained at about 1 case per 20 tests and the other states reduced to 1 

case per 18 tests. 
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Figure 6 Estimated rates of prostate cancer detection per 10,000 PSA tests by 

age group, VIC vs comparison states (NSW, QLD, WA) 
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Table 2 Comparative interrupted time-series analyses VIC versus comparison states (NSW, QLD, WA), stratified by age. 

Intervention year 2009 

Analysis: VIC 
versus states 
with no 
registry 
(NSW, QLD, 
WA) 

Measure of interest Age group (years) 

 Point estimate [95% CI] 

45-74 75+ 

Prostate 
cancer cases 
detected per 
100,000 men 

Pre-2009 trend: NSW, QLD, WA 25.5*** [21.2, 29.8] 12.4** [2.8, 22.0] 

Pre-2009 trend: VIC 29.6*** [23.7, 35.6] 14.2** [0.78, 27.7] 

Difference in trends pre-2009: VIC vs NSW, QLD, WA 4.2 [-3.1, 11.6] 1.79 [-14.7, 18.3] 

Post-2009 trend: NSW, QLD, WA -12.1*** [-17.7, -6.5] -36.8*** [-50.3, -23.2] 

Post-2009 trend: VIC -28.1*** [-39.3, -16.9] -57.2*** [-76.9, -37.6] 

Difference in trends post-2009 VIC vs NSW, QLD, WA -15.7** [-27.9, -3.55] -20.5* [-44.4, 3.4] 

Difference in trends pre and post-2009: NSW, QLD, WA -37.5*** [-44.9, -30.2] -49.2*** [-65.8, -32.6] 

Difference in trends pre and post-2009: VIC -57.8*** [-71.0, -44.5] -71.5*** [-95.4, -47.6] 

Difference between VIC and NSW, QLD, WA trends pre- and post- 2009 -20.2** [-35.4, -5.1] -22.3 [-51.4, 6.8] 
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Analysis: VIC 
versus states 
with no 
registry 
(NSW, QLD, 
WA) 

Measure of interest Age group (years) 

 Point estimate [95% CI] 

45-74 75+ 

PSA tests per 
100,000 men 

Pre-2009 trend: NSW, QLD, WA 1041.0*** [568.5,1513.5] 775.2*** [449.5, 1100.8] 

Pre-2009 trend: VIC 2280.1*** [1818.2, 2742.0] 1844.1*** [1505.2, 2183.0] 

Difference in trends pre-2009: VIC vs NSW, QLD, WA 1239.2*** [578.4, 1899.9] 1068.9*** [598.9, 1538.9] 

Post-2009 trend: NSW, QLD, WA -708.2*** [-1118.5, -297.8] -425.5** [-805.0, -45.5] 

Post-2009 trend: VIC -1386.2*** [-1699.8, -1072.7] -1000.1*** [-1244.3, -756.1] 

Difference in trends post-2009 VIC vs NSW, QLD, WA -678.0** [-1194.5, -161.6] -574.9** [-1026.4, -123.5] 

Difference in trends pre and post-2009: NSW, QLD, WA -1749.2*** [-2385.8, -1112.5] -1200.4*** [-1720.9, -679.9] 

Difference in trends pre and post-2009: VIC -3666.4*** [-4329.7, -3003.0] -2844.2*** [-3329.7, -2358.8] 

Difference between VIC and NSW, QLD, WA trends pre- and post- 2009 -1917.2*** [-2836.7, -997.8] -1643.8*** [-2355.6, -932.0] 

Prostate 
cancer per 
10,000 PSA 
tests 

Pre-2009 trend: NSW, QLD, WA 2.03 [-2.81, 6.87] -26.8*** [-43.1, -10.5] 

Pre-2009 trend: VIC -9.36*** [-14.3, -4.43] -87.6*** [-109, -66.6] 

Difference in trends pre-2009: VIC vs NSW, QLD, WA -11.4*** [-18.3, -4.48] -60.8*** [-87.3, -34.2] 

Post-2009 trend: NSW, QLD, WA 1.09 [-9.54, 11.7] -18.1 [-40.7, 4.41] 

Post-2009 trend: VIC 2.34 [-2.00, 6.68] -0.397 [-13.5, 12.7] 

Difference in trends post-2009 VIC vs NSW, QLD, WA 1.25 [-10.2, 12.7] 17.7 [ -8.32, 43.8] 

Difference in trends pre and post-2009: NSW, QLD, WA -0.940 [-12.3, 10.4] 8.67 [-19.0, 36.3] 

Difference in trends pre and post-2009: VIC 11.7*** [4.21, 19.2] 87.2*** [55.6, 119] 

Difference between VIC and NSW, QLD, WA trends pre- and post- 2009 12.6* [-0.992, 26.3] 78.5*** [36.5, 120] 

Notes: *p<0.10, **p<0.05, ***p<0.01  
Key: PSA=prostate specific antigen; NSW=New South Wales; QLD= Queensland; WA= Western Australia; VIC= Victoria 
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2.3.4. Robustness Analyses 

2.3.4.1. Additional time cut-offs 

The ITS analyses of prostate cancer detection rates, PSA testing rates and cases per 

PSA tests are rerun with additional time cut-offs in 2005 and 2012 and presented in 

Appendix 7.2, p134. The shortening of the time periods makes the ITS analyses less 

likely to be accurate. Both in Victoria and the other states, prostate cancer incidence 

increased in both the period between 2002 and 2005 and between 2005 and 2012. 

The increasing trend is similar across time periods. Prostate cancer incidence also 

decreases from 2009 (both 2009 to 2012 and 2012 to 2016) for both Victoria and the 

comparison states. PSA testing rates provided a similar pattern (increasing prior to 

2009 for both time periods and both Victoria and the comparison states) and reducing 

after 2009, with a negative trend occurring in Victoria and the comparison states from 

2012. The trend in PSA testing rates from 2009-2012 appears to be primarily affected 

by a high rate of testing in 2011 compared to 2009-2010. The trends in cases per 

10,000 PSA tests appear to differ with each time period, but as with prostate cancer 

incidence and PSA testing rates, 2009 seems to be cut-off where the most significant 

change occurs.  

2.3.4.2. Men aged <45 years old 

The ITS analyses of prostate cancer detection rates, PSA testing rates and cases per 

PSA tests for men aged below 45 years old are presented in Appendix 7.3, p137. In 

summary, absolute numbers of incidence and testing rates are much lower than for 

older patients, with prostate cancer detected less than 1 case per 50,000 men, PSA 

testing rates between 1 and 3 tests per every 200 men, and prostate cancer detected 

per 10,000 PSA tests ranged from 1 to 5 cases in every 2,000 tests between 2002 and 

2016. 

Over time, an increase in prostate cancer detection rates was seen for both Victoria 

and the other states, slowing the increasing trend after 2009 (more so for the other 

states than Victoria). PSA testing in men below 45 saw similar testing patterns prior to 
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and after 2009 to the other age groups. PSA testing rates increased prior to 2009 and 

decreased from 2009 in all states with similar trends and absolute testing rates in both 

Victoria and the comparison states. This similarity in trends of the time periods 

suggests that expansion of the family history criteria in the guidelines did not result in 

more tests for this group. 

Prostate cancer incidence per 10,000 PSA tests increased after 2009 for all states, in 

absolute terms for the comparison states (where the trend remained relatively 

constant) and increasing in both absolute and trend terms for Victoria. 

2.4. Discussion 

We have compared patterns of behaviour in Victoria to other states recording prostate 

cancer data. There is some evidence that cancer detection rates for Victoria reduced 

faster than the other states after 2009, and some evidence that Victoria had faster 

growth in PSA testing prior to 2009 when GP test guidelines became more restrictive, 

and faster reductions in testing rates after the guideline change compared to the other 

states. In both Victoria and the other states increased PSA testing was associated with 

increased prostate cancer detected. The fall in PSA testing from 2009 was associated 

with a decrease in prostate cancer detected. However, the rate of prostate cancer 

detected per PSA test differed across the states. In the comparison states, the rates 

of prostate cancer detected per 10,000 PSA tests per year remained relatively 

constant for men aged 45-74 and decreased for men aged 75 and over across both 

time periods, suggesting that the reduction in PSA tests did not improve the efficiency 

of the testing (and in the over 75s testing efficiency continued to worsen). In Victoria, 

trends in prostate cancer detected per 10,000 PSA tests were negative in both age 

groups prior to 2009 (suggesting test efficiency worsened over time). However, there 

was some evidence of a flattening from 2009 suggesting some efficiency 

improvements. Absolute testing rates and rates of cases per test appeared to be 

converging between Victoria and the other states from 2009 to 2016, which suggests 

a reduction in the variation in testing and efficiency across states that were seen prior 

to 2009. 
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Comparing additional time cut-offs at the introduction of other guidelines confirmed 

that 2009 was when the most significant change in testing and incidence occurred. 

The robustness analysis for men aged under 45 showed similar trends in PSA testing 

for both Victoria and the other states (with an increase in tests prior to 2009 and a 

decrease in tests from 2009) and Victoria saw increased prostate cancer rates 

between 2002 and 2016 (the other states and increase from 2002 to 2009 and a 

constant incidence from 2009). For men aged under 45 there appeared to be an 

improvement in absolute efficiency (increased cases per test) from 2009 for all states, 

suggesting a there has been a reduction in unnecessary testing since 2009, 

particularly for Victoria. 

The difference in PSA testing rates for Victoria both prior to and post-2009 for all age 

groups suggests Victoria has different testing practices to the other states. There are 

a few reasons that Victoria may differ from the states before and after 2009. One 

difference may be a difference in the downstream/additional testing prior to diagnosis. 

The more considerable reduction in prostate cancer incidence from 2009 may have 

resulted from a more significant reduction in false-positive tests in the confirmation 

tests. Additional testing can include further PSA tests, compliance with DRE required 

in the guidance, and the number of biopsies conducted to confirm prostate cancer 

diagnosis. These tests are often hard to isolate to prostate cancer diagnosis in the 

MBS data, and therefore the differences in downstream tests across states were not 

explored.  

A further reason for Victoria’s lower prostate cancer incidence may be a lower average 

population risk of prostate cancer or a lower rate of symptomatic prostate cancer. 

Family history and staging of prostate cancer data are not available for all diagnosed 

men, or at the population level. These could indicate prostate cancer risk and the 

likelihood of symptoms, as later-stage prostate cancer is likely to result in more 

symptoms. 

This analysis uses an interrupted time series approach, which allows for comparing 

longitudinal data from different states over the same time periods and exploring how 

they respond to the same interventions.  
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The ITS is unadjusted for population characteristics, and there are differences 

between the states prior to the chosen time cut-off that might confound any causal 

inference. Moreover, the analysis produces an average across the other states, 

assuming each state's weight is equal and that these states can be combined. Other 

major clinical changes or international guidelines would also undermine the validity of 

the ITSA, although it is not clear how states may have responded to these differently. 

For these reasons, there are no strong claims about the impact of registry in Victoria 

on prostate cancer diagnosis and treatment.  

In conclusion, this approach helps describe how Victoria differs from other states 

regarding prostate cancer diagnosis. There is some evidence that guidelines have 

reduced PSA testing for all states, and testing efficiency appears to have improved or 

stopped worsening in Victoria. There is some evidence that Victoria had different 

prostate cancer testing practices from the other states prior to 2009. This means the 

difference between Victoria and the other states after the guideline change cannot be 

isolated to the guideline change in 2009. 
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3. How does feedback from a clinical quality registry 

impact the overtreatment of patients? 

3.1. Introduction 

Clinical quality registries can be used to identify variation in treatments and outcomes 

across institutions and clinicians and provide feedback on performance that potentially 

motivates improvements in care quality. In several clinical areas reporting and 

feedback have been shown to influence prescribing behaviours, primarily in general 

practitioners (Avery et al., 2010; Naughton, Feely, & Bennett, 2009; Soleymani et al., 

2012; Steele, Bess, Franse, & Graber, 1989) and registries have been associated with 

improvements in clinical or patient outcomes, (Dinh et al., 2015; Ruseckaite et al., 

2016; Stey et al., 2015). The current study aims to evaluate the impact of clinician 

feedback on the rates of intensive treatments for localised prostate cancer. Treatment 

rates are relevant for exploring the role of feedback as guidelines have changed over 

the last decade to strongly advise against the surgical treatment of low-risk localised 

prostate cancer. 

PCOR-Vic was the first clinical quality registry for localised prostate cancer established 

in Australia that conformed to the Australian Commission on Safety and Quality in 

Health Care standards (The Australian Commission on Safety and Quality in Health 

Care, 2016). The systematic collection of localised prostate cancer patient data on 

PCOR-Vic, allows for variation in care between hospitals and clinicians to be identified. 

As a result, the registry can provide feedback to both hospitals and clinicians to 

improve treatment decisions and clinical and patient outcomes. Currently, individual 

clinician feedback is only offered to urologists, who are the specialists who most 

frequently manage patients with prostate cancer. Implementing this feedback may 

have changed practice over time, specifically if it may have changed treatment 

decisions.  

Improving outcomes for prostate cancer patients is of great value, as prostate cancer 

is the most diagnosed cancer in men in Australia. An estimated 1 in 7 men is 

diagnosed with prostate cancer by their 85th birthday (Australian Institute of Health 

and Welfare, 2016). In Victoria, localised prostate cancer accounts for 70-80% of all 
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prostate cancer diagnoses each year (73% in 2014; data provided by PCOR-Vic July 

2017).  

Men with localised prostate cancer can be managed in several ways, with guidelines 

recommending curative treatments such as prostatectomy or radiotherapy for higher-

risk patients. Non-curative management is recommended for patients where curative 

treatment may not be appropriate. For example, active surveillance is recommended 

for men with low-risk prostate cancer, and watchful waiting for men with life 

expectancies shorter than ten years (Prostate Cancer Foundation of Australia and 

Cancer Council Australia PSA Testing Guidelines Expert Advisory Panel., 2016). 

Curative treatment for prostate cancer is associated with erectile dysfunction (20–

70%) and urinary incontinence (15–30%) (Royal Australian College of General 

Practitioners, 2018). These potential complications have contributed to non-curative 

management recommendations in appropriate populations, mainly low-risk patients 

(Prostate Cancer Foundation of Australia and Cancer Council Australia PSA Testing 

Guidelines Expert Advisory Panel, 2015). The population of patients who receive 

treatment when recommendations advise non-curative management are considered 

to be overtreated. Non-curative management may also come with side effects, 

particularly with regard patient psychological well-being, and may be a reason for low-

risk men to undergo treatment even against recommendations (Chamie et al., 2015; 

Eredics, Dorfinger, Kramer, Ponholzer, & Madersbacher, 2017; Hefermehl, Disteldorf, 

& Lehmann, 2016; Lang et al., 2017; Loeb et al., 2015). 

Previous economic analyses of localised prostate cancer have shown that surveillance 

in low-risk men can be a cost-effective strategy for treatment in Australia and 

internationally (Gordon et al., 2018; Hayes et al., 2013; Keegan, Dall'Era, Durbin-

Johnson, & Evans, 2012; Koerber, Waidelich, Stollenwerk, & Rogowski, 2014; 

Prostate Cancer Foundation of Australia & Griffith University, 2016). One previous 

economic analysis of PCOR-Vic in 2016 estimated a 21% increase in the uptake of 

active surveillance in low-risk men associated with the registry's introduction (The 

Australian Commission on Safety and Quality in Health Care, 2016). A previous time 

series analysis using the PCOR-Vic showed statistically significant reductions in active 

treatment for low-risk patients (reduction of 9%) and a non-statistically significant 

increase in high-risk patients receiving treatment in the 1st year (an increase of 5%) 
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between January 2009 and December 2013 (Sampurno et al., 2016). It is unknown to 

what extent the change in treatment decisions in these previous analyses was due to 

individual feedback to urologists.  

As the PCOR-Vic is the first clinical quality registry for localised prostate cancer in 

Australia providing individual feedback to urologists, no studies have yet assessed the 

effectiveness of the individualised feedback. Therefore, this study aimed to use the 

registry data to how feedback changed the treatment decisions for patients. 

Urologists received feedback in 2 key areas related to management decisions: 

1. low-risk patients who receive curative treatment;  

2. intermediate and high-risk patients who receive curative treatment in the 12 

months following diagnosis; 

Though the feedback does not explicitly refer to the non-curative management low-

risk patients get, low-risk patients are defined as patients meeting the PRIAS criteria, 

which recommends active surveillance (regular surveillance with intention to perform 

curative treatment in the future). 

This analysis focuses on how these clinical quality indicators affect probability of 

curative treatment (radical prostatectomy, radiotherapy or brachytherapy) following 

diagnosis. The methods used also allow for exploration of time to treatment in the first 

year following diagnosis. 

In line with previous evidence on the impact of feedback in other clinical areas (Avery 

et al., 2010; Naughton et al., 2009; Soleymani et al., 2012; Steele et al., 1989), if the 

registry is effective in its feedback there should be improved adherence to treatment 

guidelines, and therefore:  

• an increase in non-active management in low-risk patients (e.g., active 

surveillance, AS), increasing time to curative treatment (treatment is deferred to a 

later date); and  
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• an increase active-management in intermediate and high-risk patients (e.g., 

surgery or radiotherapy), decreasing time to curative treatment (higher rates of 

treatment occur within the year following diagnosis); and 

• a smaller difference in the proportion of treated intermediate-risk patients as 

guidance on whether they should have active management is less clear.  

The next section outlines the registry data, and the nature of the feedback received, 

along with the analytical methods used to estimate the impact of the feedback on 

treatment uptake. 

3.2. Methods 

3.2.1. Data 

PCOR-Vic individual-level data were restricted to patients diagnosed between August 

2008 and January 2018. Information collected included age, National Comprehensive 

Cancer Network (NCCN) risk category at diagnosis (Table 3), diagnosis date, de-

identified information on diagnosing clinician and hospital, and first treatment received, 

including information regarding the treating clinician and hospital. Patient postcode 

information was linked to SEIFA data from census data collected in 2016 to 

approximate socioeconomic status (Australian Bureau of Statistics, 2018). 

Table 3 NCCN risk categories 

NCCN risk PSA level (ng/ml) Gleason Score T staging 

Low <10 2-6 T1, T2 (subcategories T1a, T1b, 
T1c, T2a) 

Intermediate 10-20 7 T2 (subcategories T2b, T2c) 

High >20 8-10 T3, T4* (subcategories T3a, 
T3b*) 

Notes: * If T staging is T3b and T4, patients are very high risk/locally advanced but are combined here 
with high-risk patients. Low-risk patients must fulfil all criteria, whereas intermediate and high risk 
may fulfil only one. NCCN risk definitions have remained consistent in registry and feedback for the 
period of the analysis. 

Key: NCCN=National Comprehensive Cancer Network; PSA=prostate specific antigen 
Source: (Mohler et al., 2012) 
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Since December 2012, participating urologists could receive individualised feedback, 

with regular six-monthly reports from February 2015. Across the whole registry, most 

urologists (41) began receiving reports in 2012-2013, but others began receiving 

feedback from 2014 onwards (8 in 2015, 8 in 2016, 10 in 2017, 2 in 2018) . To receive 

feedback, they must have diagnosed or treated at least ten patients between report. 

Clinician speciality is not listed within the registry. Clinicians were excluded who never 

performed surgeries or who had fewer than five patients, as these were not likely to 

be clinicians the feedback targeted. Both the feedback and analysis assumed that the 

clinician who managed the patient (either with curative or non-curative management) 

was ultimately responsible for the management decision. Registry experts determined 

that it was a generally held view that the ultimate responsibility falls to the managing 

clinician when patients are low-risk, and the diagnosing clinician when patients are 

intermediate or high-risk (personal communication). If a separate managing clinician 

was not recorded, diagnosing clinician was assumed to be the managing clinician. For 

most included patients (60%), their diagnosing clinician is their managing clinician. 

Diagnosing clinicians are usually defined as the specialist who confirms prostate 

cancer diagnosis in patients the GP refers. Frequently this specialist is a urologist. 

Patients may change the clinician due to their clinician or hospital's expertise or 

availability, cost of treatment, or patient preference. Another factor to consider is that 

feedback to clinicians and hospitals may have an unintended consequence of 

increasing or decreasing patients' movement between clinicians; for example, an 

increase in active surveillance recommendations may have reduced the need for 

referrals.  

Individual clinician level feedback allows the opportunity to identify the added value of 

providing feedback to clinicians. The value of feedback will produce a conservative 

estimate of the overall registry effect as it only considers one component of the value 

of the PCOR-Vic. Feedback presented to clinicians aims to encourage two directions 

of behaviour: increased active treatment for high-risk patients and decreased active 

treatment (overtreatment) for low-risk patients. Low-risk patients are a primary focus 

of feedback: these patients are likely to benefit most from treatment avoidance, and 

national and international guidelines reinforce the feedback for this group.  
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There are two broad treatment groups in the first year after diagnosis: patients who 

receive surveillance (AS or watchful waiting, WW) and non-curative treatment 

(androgen deprivation therapy, ADT; chemotherapy); and patients who receive 

curative treatment (surgery, radiotherapy or brachytherapy). For higher-risk patients, 

clinicians received information on which patients did not receive active treatment and 

the proportion of patients who received active treatment within a year following 

diagnosis. Clinicians also received information on the proportion of radical 

prostatectomy patients who meet PRIAS criteria for active surveillance. Therefore, the 

feedback for the treatment of low and higher risk patients is framed slightly differently 

within the reports, such that low risk they receive information on who was treated and 

high risk they receive information on who was not treated. 

 Within the context of survival analysis, the analysis modelled time to curative 

treatment for patients. According to guidelines and the clinical quality indicators 

reported by the registry, patients who are of low risk should receive active surveillance 

until their cancer progresses; and patients who are of higher risk should receive 

curative treatment within the first year (Australian Cancer Network Management of 

Metastatic Prostate Cancer Working Party, 2010; Prostate Cancer Foundation of 

Australia and Cancer Council Australia PSA Testing Guidelines Expert Advisory 

Panel, 2015). Some patients may receive adjuvant ADT in advance of curative 

treatment (expert opinion, ME). Robustness analysis considered the effect of including 

ADT in the curative treatment group. 

Inclusion flow diagrams for the analysis are given in Figure 7 and Figure 8. Patients 

were excluded if they were diagnosed before the establishment of the registry, after 

death or treatment, or had less than a year of data available. They were also excluded 

if data were missing because the patient did not consent, treatment status was 

unknown, diagnosing clinician and hospital were unknown, or patients were diagnosed 

or treated outside of Victoria. The patients were then divided into subgroups based on 

their risk category, and clinicians with <5 patients were removed. Clinicians with low 

numbers were expected to be outliers, less likely to be urologists, and therefore not 

the target group for feedback. A total of 11,125 patients were included across the three 

risk groups. 
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3.2.2. Analytical approach 

This analysis assessed the effect of feedback on whether a patient receives treatment 

and the timeliness of that treatment. A survival analysis approach was used to explore 

time to curative treatment according to whether the patient’s managing clinician 

received feedback in the year following diagnosis. Each NCCN risk level was modelled 

separately to account for the feedback and the other covariates' different expectations. 

Patients were censored if they died. The analysis was restricted to one year following 

diagnosis as this is the most critical treatment period for high-risk patients, and has 

the most accurately recorded data. Feedback was time varying, such that a urologist 

could move from no feedback to feedback according to the analysis time. All urologists 

had periods with and without feedback and feedback status was determined by the 

date of the earliest report received by the urologist.  

Initially, Kaplan-Meier graphs are used to compare the time to curative treatment for 

each patient by the status of their urologist’s feedback. Cox proportional hazard 

models are then used to explore the effect of feedback after controlling for time-varying 

and time-invariant patient, hospital and managing clinician (urologist) characteristics, 

similar to (Jayadevappa et al., 2011). Proportional hazard assumption testing is 

conducted using the Schoenfeld residuals to identify any variables where the 

proportional hazards assumption does not hold. Variables that violate the proportional 

hazard assumption are controlled through stratification instead. The following model 

is estimated: 

𝜆(𝑡|𝑧)

=  𝜆0(𝑡)𝑒𝐹𝑗𝛽1+𝐴𝑔𝑒𝑖𝛽2+𝑆𝐸𝐼𝐹𝐴𝑖𝛽3+𝑃𝑆𝐴𝑖𝛽4+𝑐𝑇2𝑖𝛽5+𝐺𝑙𝑒𝑎𝑠𝑜𝑛𝑖𝛽6+𝑀𝑒𝑡𝑟𝑜𝑘𝛽7+𝑃𝑟𝑖𝑣𝑎𝑡𝑒𝑘𝛽8+𝑌𝑖𝛽9+𝑢𝑗  (2.1) 

where the time-invariant variables are: patient (𝑖)’s age at diagnosis (𝐴𝑔𝑒𝑖); SEIFA decile (𝑆𝐸𝐼𝐹𝐴𝑖); 

patient PSA (𝑃𝑆𝐴𝑖), cT2 (𝑐𝑇2𝑖) and Gleason score (𝐺𝑙𝑒𝑎𝑠𝑜𝑛𝑖) at diagnosis; managing hospital (𝑘) 
characteristics (metropolitan versus regional [𝑀𝑒𝑡𝑟𝑜𝑘], private versus public [𝑃𝑟𝑖𝑣𝑎𝑡𝑒𝑘]); date of 

diagnosis (𝑌𝑖); managing clinician fixed effect (𝑢𝑗). Time-varying variables: feedback for clinician j at 

time t (𝐹𝑗𝑡).  Where variables did not follow the proportional hazards assumption, the analysis was 

re-run stratified over these variables. 

3.2.2.1. Control variables 

The model controls for age (Age=[<55, 55-74, 75+]) and SEIFA decile estimated from 

postcode (SEIFA=[Lowest 20%, Lowest 21-40%, Lowest 41-60%, Highest 61-80%, 
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Highest 81-100%, Unknown]) as patient characteristics that are likely to affect patient 

management (Ruseckaite et al., 2016). There is some expectation that changes to 

prostate cancer diagnosis guidelines may have affected the severity of cancer within 

each risk group. Therefore PSA, Gleason score and T stage levels are included for 

each patient. An annual time trend in the model controlled for treatment time trends 

common across clinicians with or without feedback, such as those that may result in 

response to guideline changes. This annual time trend is based on the diagnosis date 

adjusted for the earliest feedback (1st December 2012). 

Because urologists and hospitals are expected to have different treatment practices 

as a result of unobserved characteristics, the model controlled for clinician (𝑢𝑗) fixed 

effects. Hospital characteristics are included as metro versus regional and public 

versus private. Metropolitan and regional hospitals are expected behave differently 

based on availability of technologies and expertise of clinicians. Public and private 

hospitals are expected to differ due to the financial incentives of treatment over 

surveillance, but also the perception of quality from the patient. Private patients may 

perceive surveillance as poorer quality of care (the perception of not actively treating 

the disease) and may have more influence on the decision to treat. As there is high 

potential for interaction between hospital and clinician effects, hospital specific effects 

are not included. 

3.2.3. Robustness analyses 

Several further analyses explored how the results differed by subgroups and tested 

the robustness of the conclusions to alternative model specifications. Urologists may 

respond to feedback differently for some patients. Clinical quality reporting of 

treatment decisions does not account for patient characteristics such as age or 

comorbidities that may affect treatment decisions. Feedback was interacted with 

patient age group to assess how the impact of feedback may differ by patient 

characteristics. 

There is the possibility of a broader registry effect of feedback on patients that may be 

captured in the underlying time trend used in the base model. Robustness analysis is 

performed where the changes over time are split into two separate time trends before 

and after the earliest date feedback was available for urologists (1st December 2012). 
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ADT was considered as a non-curative treatment in the base case. However, adjuvant 

ADT may occur before curative treatment to assist in treatment success. Robustness 

analysis explored the impact of ADT as a signifier of curative treatment in the model. 

Patients may have different diagnosing and managing clinicians. Clinicians may 

change through necessity (clinician/hospital expertise and availability), but may also 

result from clinician expectations (e.g. they expect the patient requires a treatment 

they cannot provide) or patient preference (e.g. wanting a second opinion). Therefore, 

the diagnosing clinician’s treatment decisions, e.g., referring a patient on for treatment, 

may influence the managing clinician’s treatment decision. Feedback to the 

diagnosing clinician, rather than managing clinician is explored in the robustness 

analysis. 

3.3. Results 

A summary of patient inclusion criteria is presented below and characteristics are 

summarised in Appendix 7.4, p139. Without adjustment, feedback is associated with 

lower rates of treatment for patients in low and intermediate-risk groups (p<0.001), 

and no difference in rate of curative treatment for the high-risk group. 
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Figure 7 Patient inclusion criteria for cleaned data extract 

 

Notes: Cleaned dataset used in all PCOR-Vic analyses (Chapters 2-4) 
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Figure 8 Patient inclusion by risk stratification 

 

 

3.3.1. Time to curative treatment, raw data 

Initial results from the Kaplan-Meier plots suggested that among low- and 

intermediate-risk patients, those whose managing clinician received feedback were 

less likely to receive curative treatment within the first year following diagnosis. Lower 

rates of curative treatment are most pronounced for low-risk patients. At 8 months, 

50% of low-risk patients had not received curative treatment when their clinician did 

not receive feedback, and 75% of patients had not received curative treatment if their 

clinician received feedback. Intermediate and high-risk patients were more likely to 

receive curative treatment than low-risk patients, regardless of their clinician’s 

feedback status, with over 75% of patients receiving treatment by 6 months. For high-
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risk patients there appeared to be no effect of feedback in the unadjusted Kaplan-

Meier plots 

Figure 9 Time to curative treatment for low risk patients, by clinician feedback 

status (Kaplan-Meier) 
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Figure 10 Time to curative treatment for intermediate risk patients, by clinician 

feedback status (Kaplan-Meier) 
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Figure 11 Time to curative treatment for high risk patients, by clinician feedback 

status (Kaplan-Meier) 

 

3.3.2. Time to curative treatment, cox-regression adjusted results 

A full model is run containing all covariates and is reported in Appendix 7.5, p146Error! 

Reference source not found.. Proportional hazard assumption testing for the 

intermediate group using the Schoenfeld residuals identified some variables for which 

the proportional hazard assumption did not hold: highest age group, private hospitals 

and several individual clinician effects (not reported here). The model was therefore 

stratified over these variables rather than including as them covariates. The feedback 

variable broke the proportional hazard assumption in the low-risk model (Schoenfeld 

results: rho=0.158, p<0.001). Inspection of the log-log plots suggests the proportional 

hazard assumption was only broken in the first month following diagnosis (lines are 

mostly parallel after this point). The observed versus predicted plot suggests that the 

Cox proportional hazard model underestimated the effect of feedback between month 

2 and 10. 
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Table 4 Low risk, cox regression hazard ratios 

Variable Hazard 
ratio 

SE p-value Lower 
95%CI 

Upper 
95%CI 

N=2,192 

     

Feedback 0.37*** 0.0463 <0.001 0.29 0.48 
      

PSA Level at diagnosis (ng/ml) 1.04** 0.019 0.017 1.01 1.08 

cT stage (T2 vs T1) 1.65*** 0.154 <0.001 1.37 1.98 
      

SEIFA Decile 

 

Lowest 21-40% 0.81 0.122 0.157 0.6 1.09 

Lowest 41-60% 1.07 0.161 0.638 0.8 1.44 

Highest 61-80% 0.9 0.121 0.414 0.69 1.17 

Highest 81-100% 0.72** 0.095 0.012 0.55 0.93 

Unknown 0.52 0.382 0.373 0.12 2.2 
      

Regional Hospital (vs Metro) 0.07*** 0.041 <0.001 0.02 0.22 
      

Annual time trend (1 Dec 2012 base) 0.998 0.029 0.935 0.94 1.06 

Notes * p<0.10, ** p<0.05, *** p<0.01. HR<1 longer time to curative treatment (reduced likelihood of 
treatment in the first year following diagnosis), HR>1 shorter time to curative treatment (increased 
likelihood of treatment in the first year following diagnosis). Gleason score is not included in the low-
risk analysis as all patients must have a score of less than 7 to qualify as low risk. Model stratified by 
age group, private vs public hospitals and treating clinician, as these variables violated the 
proportional hazards assumptions. 

 

For low-risk patients, feedback to their clinician was associated with a reduction in the 

likelihood of treatment in the first year following diagnosis (HR 0.37; 95%CI 0.29,0.48; 

p<0.001). This was equivalent to a 63% reduction in treatment in the year following 

diagnosis compared to patients whose clinicians had not received feedback. Low-risk 

patients with higher risk indicators, e.g. higher PSA level and higher T staging at 

diagnosis were associated with an increased likelihood of treatment. Regional 

hospitals are also associated with a 93% lower likelihood of treatment in the first year 

following diagnosis for low risk patients compared to metropolitan hospitals (HR 0.07; 

95%CI 0.02,0.22; p<0.001). 
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Table 5 Intermediate-risk, cox regression hazard ratios 

Variable Hazard 
ratio 

SE p-value Lower 
95%CI 

Upper 
95%CI 

N=4,476 

     

Feedback 0.50*** 0.03 <0.001 0.44 0.56 
      

PSA Level at diagnosis 
(ng/ml) 

1.005 0.01 0.345 0.99 1.02 

cT stage (T2 vs T1) 1.28*** 0.05 <0.001 1.19 1.38 

Gleason score (7 vs <7) 3.22*** 0.23 <0.001 2.80 3.72 
      

SEIFA Decile 

    

Lowest 21-40% 1.01 0.08 0.929 0.87 1.17 

Lowest 41-60% 1.14* 0.08 0.069 0.99 1.32 

Highest 61-80% 1.03 0.07 0.608 0.91 1.18 

Highest 81-100% 0.98 0.06 0.728 0.86 1.11 

Unknown 1.13 0.31 0.650 0.66 1.93 
      

Regional Hospital (vs 
Metro) 

0.64** 0.13 0.030 0.43 0.96 

      

Annual time trend (1 Dec 
2012 base) 

1.12*** 0.01 <0.001 1.09 1.15 

Notes: * p<0.10, ** p<0.05, *** p<0.01. HR<1 longer time to curative treatment (reduced likelihood of 
treatment in the first year following diagnosis), HR>1 shorter time to curative treatment (increased 
likelihood of treatment in the first year following diagnosis). Model stratified by age group, private vs 
public hospitals and treating clinician, as these variables violated the proportional hazards 
assumptions 

 

For intermediate risk patients, feedback to their clinician was associated with reducing 

the likelihood of curative treatment by 50% in the first year following diagnosis 

compared to no feedback (HR 0.50; 95%CI 0.44,0.56; p<0.001). Patients with higher 

risk indicators, e.g. higher PSA level and higher T staging and higher Gleason score 

at diagnosis were associated with an increased likelihood of treatment. Regional 

hospitals were also associated with 36% less treatment in the first year following 

diagnosis for intermediate-risk patients compared to metropolitan hospitals (HR 0.64; 

95%CI 0.43,0.96; p<0.001). There was also some evidence of a time trend for the 
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intermediate-risk group, with an annual increase in the likelihood of treatment of 12% 

(HR 1.12; 95%CI 1.09,1.15; p<0.001). 

For high-risk patients, feedback to clinicians was associated with a not statistically 

significant reduction in curative treatment of 11% in the first year following diagnosis 

(HR 0.89; 95%CI 0.72,1.11; p=0.306). Higher risk factors, such as Gleason score were 

associated with 67% increase in treatment (p<0.001). An increase in PSA level was 

associated with a 1% reduction in treatment for every unit increase in ng/ml (p<0.001). 

There was some evidence that patients with median wealth were 34% more likely to 

receive treatment than the poorest groups (p=0.019). 

Table 6. High risk, cox regression hazard ratios 

Variable Hazard ratio SE p-value Lower 
95%CI 

Upper 
95%CI 

N=1,610 

     

Feedback 0.89 0.098 0.306 0.72 1.11 
      

PSA level at diagnosis  

(ng/ml) 

0.99*** 0.002 <0.001 0.99 0.99 

cT stage (T3 or 4 vs T2 
or T1) 

1.07 0.090 0.436 0.90 1.26 

Gleason score (<8 vs 8+) 1.67 0.151 <0.001 1.40 1.99 
      

SEIFA Decile 

    

Lowest 21-40% 0.99 0.127 0.944 0.77 1.27 

Lowest 41-60% 1.34** 0.168 0.019 1.05 1.71 

Highest 61-80% 1.27** 0.149 0.043 1.01 1.60 

Highest 81-100% 1.22* 0.129 0.057 0.99 1.50 
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Variable Hazard ratio SE p-value Lower 
95%CI 

Upper 
95%CI 

Unknown 1.03 0.360 0.938 0.52 2.04 
      

Regional Hospital (vs 
Metro) 

0.90 0.345 0.773 0.42 1.90 

      

Annual time trend (1 Nov 
2012 base) 

1.04 0.025 0.129 0.99 1.09 

Notes * p<0.10, ** p<0.05, *** p<0.01. HR<1 longer time to curative treatment (reduced likelihood of 
treatment in the first year following diagnosis), HR>1 shorter time to curative treatment (increased 
likelihood of treatment in the first year following diagnosis). Model stratified by age group, private vs 
public hospitals and treating clinician, as these variables violated the proportional hazards 
assumptions 

 

3.3.3. Robustness analyses 

Table 7 Estimated hazard ratios for the effect of feedback on time to curative 

treatment, robustness analyses 

Model Feedback Hazard Ratio 

 (95%CI) 

 Low risk Intermediate 
risk 

High risk 

Base 0.37***  

(0.29,0.48) 

0.50***  

(0.44, 0.56) 

0.89  

(0.72,1.11) 

    

Feedback and age group interacted 

(vs age group with no feedback) 

<55: 0.29*** 

(0.20,0.42) 

<55: 0.57*** 

 (0.45, 0.73) 

<55: 0.74  

(0.36, 1.54) 

55+: 0.40*** 

(0.31, 0.52) 

55-74: 0.49*** 

(0.43, 0.55) 

55-74: 0.86 

(0.69, 1.08) 

 75+: 0.85 

(0.45, 1.61) 

75+: 1.61 

(0.83, 3.12) 

Time trend before and after feedback 
introduced to the registry 

0.33***  

(0.26, 0.42) 

0.50***  

(0.44, 0.57) 

0.86  

(0.69, 1.08) 

ADT as treatment N/A 0.50***  

(0.45.0.57) 

0.87  

(0.68, 1.12) 

Diagnosing clinician assumed in charge 0.32***  0.46***  0.92  
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Model Feedback Hazard Ratio 

 (95%CI) 

 Low risk Intermediate 
risk 

High risk 

(0.24, 0.42) (0.40, 0.52) (0.69,1.22) 

Notes: * p<0.10, ** p<0.05, *** p<0.01. HR<1 longer time to curative treatment (reduced likelihood of 
treatment in the first year following diagnosis), HR>1 shorter time to curative treatment (increased 
likelihood of treatment in the first year following diagnosis). ADT intermediate analysis time variable 
violates the proportional hazards assumption at the 95% confidence interval (rho=0.0346, 
p=0.0416). Diagnosing clinician for intermediate risk, feedback (rho =0.041, p=0.022) and time 
(rho=0.059, p=0.0013) violated PH assumption by Schoenfeld stats log-log plots and observed vs 
predicted for feedback effect were similar. 

 

The feedback interacted with age results suggested that as the patient’s age increased 

feedback has less effect on the probability of curative treatment in the year following 

diagnosis (hazard ratios trend towards 1) compared to patients whose clinicians have 

not received feedback. For high-risk patients, there was an increase in treatment 

associated with feedback to patients over 75+ compared to patients over 75 whose 

clinicians have not received feedback. Due to limited data, the low-risk analysis looks 

only at only two age categories (under 55 years old and 55 and above). 

All other robustness analyses presented in Table 7 produced similar hazard ratios 

associated with clinician feedback. No robustness analysis found a statistically 

significant effect of feedback for high risk patients.  

3.4. Discussion  

Feedback to clinicians appears to be associated on average with a reduction in active 

treatment in low and intermediate risk patients by the end of the first-year post-

diagnosis, once adjusted for observed patient, clinician and hospital characteristics 

and unobserved factors that trend over time. Feedback is also associated with a 

reduction in curative treatment for high-risk patients. The reductions suggest that with 

feedback low, intermediate and high-risk patients were 63%, 50% and 11% less likely 

to receive curative treatment than if there was no feedback. However, the reduction 

estimated for high risk patients was statistically non-significant. 



 

76 

As well as a total reduction in treatment in the first year, the results also suggest a 

longer time to treatment in response to feedback. Feedback may increase time to 

treatment by influencing the time to referral for treatment or influencing the managing 

clinician where they want to be certain curative treatment is appropriate. 

Our results were robust to several variations in the model assumptions. The most 

considerable changes were seen in the interaction of feedback with age for the over 

75s where a statistically non-significant reduction in treatment for the intermediate-risk 

group (15% less likely to receive treatment than 75+ without feedback) and a 

statistically nonsignificant increase in treatment for high-risk patients (61% more likely 

to receive treatment than 75+ without feedback).  

There are some important limitations to the analysis. One potential source of bias may 

come from the identification of the clinician. The managing clinician was considered to 

be the decision-maker in the model. However, in practice, initial management 

decisions, particularly for referrals, may be driven by patient choice (e.g., locality, 

health insurance coverage) and the diagnosing clinician. Furthermore, assumptions 

were made to define who the managing clinicians were. Where the managing clinician 

was not recorded, the diagnosing clinician was assumed to be the managing clinician. 

A change in clinician is likely to dilute the effect of feedback as patients may move 

between clinicians who have and have not received feedback. In robustness analysis 

of feedback to diagnosing clinicians, the feedback was associated with a greater 

reduction in curative treatment versus no feedback for low and intermediate-risk 

groups than the base case. Therefore, the managing clinician decision appeared to be 

affected by the decision made at the diagnosing stage. Individual clinician effects could 

not be determined as the models were stratified over these. 

To receive individual feedback on the registry, individual urologists must enrol on the 

registry. Participating clinicians joined as private practising urologists, though their 

public patients were then included in their reports. Therefore, results may not 

represent urologists who work mostly or entirely in the public sector.  

The time constraint to one year after diagnosis may miss some of the effects of 

feedback. The clinical quality indicator for high-risk patients specifies treatment in the 

first year. However, the indicator for low-risk patients does not specify a time period. 
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A key benefit of surveillance in low-risk patients is to act as a long-term management 

strategy to avoid unnecessary treatments. Further research is needed to consider the 

role of feedback on the long-term avoidance of unnecessary treatments. Feedback 

may also increase treatment in the second year for higher-risk patients identified as 

untreated in the first year following diagnosis, where they are identified in the feedback 

reports.  

Feedback is incorporated as a binary input; therefore, the analysis did not demonstrate 

how regular feedback or time spent receiving feedback might affect patients' 

management. 

The effect of guidelines may also mitigate feedback to clinicians for the intermediate-

risk group. Clinicians were told of intermediate-risk patients who do not receive 

treatment within a year post-diagnosis. However, guidelines are less clear on whether 

treatment is appropriate for intermediate-risk patients. Further analysis could explore 

the difference in feedback effect for intermediate-risk patients of lower risk (i.e. 

favourable) and intermediate-risk patients of higher risk (i.e. unfavourable) as this 

stratification is recommended by NCCN guideline update 2019 (Mohler & Antonarakis, 

2019). 

Within this analysis, the effect of feedback is only considered upon the effect of a 

process change (i.e. change in decision to treat). The results suggest a reduction in 

overtreatment (for low-risk patients), but also an increase in undertreatment for higher-

risk groups, particularly for intermediate risk group who are the largest group of 

patients and for whom choice to treat is more complex. 

3.4.1. Conclusion 

There is strong evidence that individual feedback to clinicians was associated with 

reduced curative treatment for patients, particularly those diagnosed with low or 

intermediate-risk disease. The analysis does not provide a benchmark for the 

treatment rates in the first year following diagnosis and cannot comment on absolute 

treatment rates prior to feedback. Therefore, the analysis cannot claim whether 

clinicians responded correctly to feedback, particularly for intermediate-risk patients 

where treatment guidance is less clear, but there is potential for undertreating some 
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patients. Further research should consider how potential undertreating could be 

addressed in guidance or feedback. It could also consider the effect of repeated 

feedback to clinicians or the longer-term effect of feedback. 
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4. How do clinicians respond to feedback on competing 

outcomes? Evidence from a prostate cancer clinical 

quality registry 

4.1. Introduction 

4.1.1. Changing behaviour in clinicians 

Routine collection and systematic reporting of healthcare delivery quality information 

is a widely used strategy to improve patient outcomes through improved clinical 

practice. Auditing of practice with or without feedback to the clinician effectively 

influences prescribing behaviours, primarily in general practitioners (Avery et al., 2010; 

Naughton et al., 2009; Soleymani et al., 2012; Steele et al., 1989). In a 2012 review of 

140 randomized trials by the Cochrane collaboration (Ivers et al., 2012), feedback was 

shown to have a small to moderate effect on desired care practices, but patient 

outcomes were less clear. Clinical registries which collect a range of data from 

clinicians and their patients have also been associated with improvements in clinical 

or patient outcomes. Registries provide reports on clinician performance at an 

aggregate or institutional level, and some provide direct feedback of relative 

performance to individual clinicians. The use of registries is expected to improve 

overall performance in terms of clinically relevant outcomes. The precise mechanisms 

of improvement have rarely been explicitly explored (Dinh et al., 2015; Ruseckaite et 

al., 2016; Stey et al., 2015).  

Though auditing and feedback demonstrated effectiveness in specific settings, there 

is limited evidence on which methods and presentations of feedback are most 

effective. Ivers et al.’s review of audit and feedback found that feedback was more 

effective when clinicians had a low baseline performance; the feedback came from a 

colleague or supervisor (rather than an external provider); feedback was provided 

more than once; feedback was provided in both verbal and written formats; and 

feedback included both specific targets and an action plan (Ivers et al., 2012). Peer 

comparison studies have found a mixed response to feedback, even within the same 

disease area (Schneider et al., 2008; Sondergaard et al., 2002). One specific area 
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where there is little evidence is how clinicians respond when they receive multiple 

pieces of feedback that may result in competing clinical practice, especially where 

clinicians are not provided with a specific target or action plan. Previous studies have 

shown that when multiple indicators are reported to healthcare providers, there can be 

improved responses to some feedback elements, but not others (Vratsistas-Curto, 

McCluskey, & Schurr, 2017). 

4.1.2. Measures of surgical quality in prostate cancer 

In prostate cancer, the positive surgical margin (PSM) is an important measure of 

clinician performance. PSM refers to any cancerous tissue remaining following 

surgery. A PSM is associated with a poorer prognosis with a higher likelihood of 

biochemical recurrence and additional treatment (Oh, Hong, Byun, Choe, & Lee, 2013; 

Ploussard et al., 2011; Swindle et al., 2005; Zhang et al., 2018). There is evidence 

that PSMs have been reducing globally over time. For example, overall PSM rates 

decreased in the US, from 18.7% of radical prostatectomy patients in 2004 to 9.7% in 

2015 (Preisser et al., 2019). Similarly, previously published results for Victoria have 

shown an average reduction in PSM rates of 9% between 2009 and 2013 for clinical 

T stage 2 (cT2) patients (Sampurno et al., 2016). The cause of this is likely to be due 

to a combination of changes in patient case-mix (e.g., patient demographics, 

prognostic clinical factors), technology and reporting over time. PSM rates are also 

used to assess surgical quality, through peer comparisons presented to clinicians. This 

is described further below. 

Other measures of surgical quality (length of hospital stay, blood usage, disease 

recurrence) are harder to isolate to the surgeon behaviour, and data for these was not 

available from the PCOR-Vic. 

4.1.3. Feedback to prostate cancer surgeons in Victoria 

PCOR-Vic aims to improve surgical outcomes for men with localised prostate cancer, 

through individual, peer-comparative feedback to hospitals and urologists. This 

feedback includes the reporting of peer comparison funnel plots of multiple quality 

indicators. Funnel plots are widely used in meta-analysis (Sterne et al., 2011), and 
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have been adopted to measure and report systematic heterogeneity amongst 

clinicians or hospitals (Koh, 2017; Spiegelhalter, 2005). In funnel plots, clinicians or 

hospitals can be compared to their peers for specific quality indicators, by identifying 

individuals whose behaviour differs considerably from the average, i.e., those who lie 

outside the established control limits (Spiegelhalter, 2005). These plots can prove 

useful to emphasising peer comparisons and therefore encouraging changes in 

behaviours for clinicians with the poorest performance. However, for better-performing 

clinicians, particularly those with the best outcomes, there is less information about 

their gap to best practice beyond their nearest peers, without a pre-determined 

benchmark. 

Since December 2012, participating urologists have received individualised feedback, 

with regular six-monthly reports available from February 2015. Urologists must have 

consented to participate and have diagnosed or treated at least ten patients between 

reports to receive feedback. Hospital department heads also receive hospital-level 

feedback, which may also be disseminated to individual clinicians. Urologists and 

hospitals receive feedback on multiple quality indicators, including risk-stratified funnel 

plots of PSMs for patients undergoing radical prostatectomy when they have treated 

at least 20 patients who meet inclusion criteria. An example of these funnel plots is 

reported in Figure 12. 
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Figure 12 Sample funnel plot provided to urologists 

Notes: red dot identifies the specific urologist who received the report 

Also included in the PCOR-Vic feedback reports are funnel plots for quality of life 

indicators: percentage of patients reporting sexual, urinary, and bowel bother at their 

follow-up meeting, collected 12 months after their last treatment. For most patients 

undergoing surgery (>97%), this follow-up occurs less than two years from their 

surgery date. Sexual bother is described as the patient reporting a big problem with 

sexual function (achieving and maintaining an erection) in the four weeks prior to their 

follow-up. Urinary and bowel bother are collected similarly; however, bowel bother is 

only included in the feedback for patients who also underwent radiotherapy. Urinary 

bother is an important outcome for men, but within the context of the PCOR-Vic, only 

88 men report a big problem with urinary bother (of 3,295 reporting urinary bother 

status). As urinary bother rates are low, this analysis focuses on sexual bother, which 

has larger incidence rates (>37% of men reporting sexual bother status report a big 

problem). Therefore, it is an outcome where a more considerable improvement can be 

gained.  

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

0 20 40 60 80 100 120 140 160 180 200

%
 c

a
s
e

s
 m

e
e

t 
th

e
 r

e
p

o
rt

e
d

 c
lin

ic
a

l 
in

d
ic

a
to

r

Number of cases being examined

% cases met the reported clinical indicator (by urologist)

Pooled average % cases met the reported clinical indicator (all urologists combined)

Lower 95% control limit

Upper 95% control limit

Lower 99.8% control limit

Upper 99.8% control limit



 

83 

4.1.3.1. The effect of feedback on surgeon behaviour 

The PCOR-Vic presents PSM and sexual bother quality indicators to encourage 

urologists to take steps to reduce the likelihood of patients having a PSM and sexual 

bother following surgery. Hospitals and stakeholders are more likely to encourage 

urologists who perform worse in these quality indicators to improve. However, there is 

an expectation that PSM and sexual bother rates may be related. Should urologists 

have a greater than average PSM rate compared to their peers, they may increase 

their surgery's aggressiveness. More aggressive surgery likely leads to an increase in 

sexual bother for their patients as a result of nerve damage. On the other hand, higher 

than average PSMs might be associated with increased additional active treatment 

(radiotherapy, brachytherapy) after surgery to combat remaining cancerous tissue 

(Expert opinion, SE)(S. M. Evans et al., 2014). Additional treatment may also increase 

the likelihood of sexual bother through nerve damage (Alsinnawi et al., 2019). 

Alternatively, urologists seeing reports of a greater than average sexual bother rate 

among their patients may reduce the surgery's aggressiveness, which in turn may lead 

to an increase in PSMs among their patients (Damani, Van Hemelrijck, Wulaningsih, 

Crawley, & Cahill, 2017).  

A flow diagram of how sexual bother likelihood may be increased through treatment is 

given in Figure 13. Other mechanisms may be correlated with both surgery and 

treatment approaches and the likelihood of PSM and sexual bother, including patient 

characteristics and surgeon experience. In particular, sexual bother can result from 

ageing.  

Previous work within the PCOR-Vic indicated that urologists believed PSM reporting 

to be the most important quality indicator, suggesting this may be the quality indicator 

urologists respond to if they have higher than average rates of both PSM and sexual 

bother. However, PSM rates may be more challenging to respond to due to 

uncontrollable factors, such as case-mix (Koh, 2017). Koh also indicates that PSM 

rates are an outcome of which urologists are already conscious. Therefore, more 

knowledge is gained from the feedback on sexual bother rates. Additional treatment 

rates are not reported to urologists and are therefore not expected to change due to 

the introduction of feedback directly. 
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Figure 13 Possible mechanisms to increased PSM & sexual bother 

 

Key: PSM, positive surgical margin 

In general, this study attempts to understand the mechanism of feedback on multiple 

quality indicators where one indicator may improve at the expense of the other within 

the group of patients who receive surgery. For example, whether feedback resulted in 

reduced PSMs at the expense of the more patient-focused outcome, sexual bother; or 

reduced sexual bother at the expense of higher PSM rates. Also explored is how 

urologists may alter their clinical practice (i.e., rates of additional treatment) in 

response to feedback on surgical quality.  

4.2. Methods and data 

4.2.1. PCOR-Vic 

PCOR-Vic patient medical records are accessed every six months for up to 2 years 

after treatment, to provide information on surgical outcomes such as PSMs and 

patient-reported outcomes such as sexual bother as recorded at time of follow-up 

(usually one year after treatment). Baseline sexual bother status is not recorded. 

Patient responses to follow up queries are voluntary, and reporting of sexual bother 
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status can be low, even when follow up is completed. Additional treatment dates are 

collected from medical records within 2 years after surgery. In this analysis additional 

treatment referred to additional curative treatments: brachytherapy and radiotherapy. 

If no date was recorded for these treatments, patients were assumed to have received 

no additional treatment. 

15,275 patients were previously identified on the PCOR-Vic for whom complete 

diagnosis and initial management data were available. Of these, 8,625 received 

surgery. After excluding patients with no reported surgeons or hospitals; and surgeons 

and hospitals with small numbers of patients (as the PCOR-Vic provides reports only 

for urologists with a minimum of 10 patients,), the final analysis included 7,401 patients 

who received surgery and whose urologists saw at least 10 patients both prior to and 

following feedback. Of the 7,401 patients included, 7,232 (97.7%) reported PSM 

status, and 3,261 (44.1%) sexual bother status. This smaller figure partially occurs 

from incomplete post-feedback follow-ups (10.7% of patients had no recorded follow-

up in the feedback period compared to 2.1% prior to urologists receiving feedback). 

There also appears to be a reduction in reporting of patient sexual bother status for 

every urologist after feedback began (median reporting of sexual bother status 77% 

[IQR, 72-80%] across urologists prior to feedback, 30% after feedback [IQR, 26-36%]). 

As this reduction happens to all urologists, it is unlikely this was a response to their 

individualised feedback (e.g. poorer performing urologists failing to report patient 

sexual bother status to avoid scrutiny). It was more likely to do with the change in 

reporting of patient-reported outcomes around 2014. Very few patients reported sexual 

bother status had surgeries performed after 2014 (67 out of 3,261).  

There are some differences between men who did or did not have their sexual bother 

status recorded. Patients with recorded sexual bother status were less likely to have 

received less invasive surgery: 59.0% versus 73.1% who do not report sexual bother 

status. This was likely driven by the surgery date (later surgeries are more likely to be 

less invasive). Men who report sexual bother status are also slightly younger (14.8% 

vs 10.7% under 55 years; 2.1% vs 4.2% 75 years and over), and slightly lower risk 

(18.4% NCCN low risk compared to 12.8%; 84.5% with PSA level ≤ 10ng/ml 

compared to 81.1%) than those who do not report sexual bother status, but rates of 

highest risk were similar across groups (20.7% for those reporting sexual bother status 
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compared to 21.9% without sexual bother status reported were classified as NCCN 

high risk prior to surgery), as was PSM status (25.7% for those reporting sexual bother 

compared to 25.2% for those who do not). These patient differences are likely to drive 

sexual bother rates in opposite directions. Younger men are more likely to be affected 

by sexual bother (~38% men under 75 years report sexual bother to be a big problem 

compared to ~19% for men 75 years and over). However, men of lower risk are less 

likely to be affected by sexual bother (as they receive less aggressive treatment). On 

average, sexual bother rates will likely be overestimated for the total group of patients 

after urologists begin feedback: the subgroup who reported sexual bother status is 

younger than the before feedback group.  

However, there is little evidence that urologists are systematically selecting the men 

who receive surgery to affect their patient reported sexual bother rates due to feedback 

directly. If urologists were systematically choosing their patients (or the patients they 

report on) to improve their quality indicators after feedback, fewer complex cases 

should be chosen. Instead, men are older and higher risk on average after feedback 

begins, suggesting cases may be more complex. Alternatively, recording of sexual 

bother should occur for the subgroup of less affected men, e.g. more older men should 

have sexual bother status recorded. However, sexual bother status is recorded for 

younger men. Therefore, though the drop in sexual bother status reporting after 

feedback begins is not ideal, it is unlikely a direct effect of introducing feedback. By 

controlling for characteristics that may affect both sexual bother status and sexual 

bother reporting, the remaining variation in whether sexual bother status is recorded 

should be random variation. 

4.2.2. Assessing the effect of feedback on the performance of competing 

outcomes 

This study estimates how feedback might improve performance of two quality 

indicators of surgery, where the two indicators may act as substitutions, i.e. one 

improves at the expense of another, and whether feedback may alter this substitution 

rate. First, an estimate of how each indicator changed for each urologist with the 

introduction of feedback was made, controlling for urologist performance prior to 
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feedback. The urologist performance before and feedback estimated how the trade-

off between PSM and sexual bother changed with feedback. 

The relationship between feedback and each outcome is estimated separately based 

on linear probability models (equation (4.1)) for individual patients with clustering on 

urologists via a fixed effect for each urologist pre- and post- feedback (𝑣jf,q) where q 

is the quality indicator (PSM, sexual bother), for urologist j with feedback status f 

(f=1|feedback, f=0|no feedback).  

P(q𝑖 = 1) =  𝛽0,𝑞 +  𝛽1,𝑞(NCCN int)i + 𝛽2,𝑞(NCCN high)𝑖 + 𝛽3,𝑞Si +  𝛽4,𝑞(Age < 55)i

+ 𝛽5,𝑞(Age 75 +)i + 𝛽6,𝑞PSAi + 𝛽7,q𝑇𝑖 +  𝛽8,𝑞Metro𝑘 + 𝛽9,𝑞Private𝑘

+ 𝑣𝑗𝑓,𝑄 + 𝜖𝑖𝑗,𝑄                                                                                                  (4.1) 

Notes: quality indicator, q:[PSM, sexual bother]; patient i; urologist j; hospital k; feedback f is 
(f=1|feedback, 0|no feedback), NCCN risk prior to surgery (NCCN int=1| intermediate risk, NCCN 
high=1| high risk, NCCN int and NCCN high=0| low risk), surgery type S=1| open surgery, S=0|less 
invasive surgery; age of patient at surgery (Age<55=1| age less than 55 years, Age 75+=1| age 75 
years and over, Age<55 and Age 75+=0| patient aged between 55 and 74 years); PSA is PSA level 
prior to surgery (ng/mL), T is date of surgery, adjusted to an annual time trend (T=0|1st November 
2012); Metro=1|metropolitan hospital, Metro=0|regional hospital; Private=1|private hospital k, 
Private=0| public hospital k; v is the urologist fixed effect; ϵ  is the error term. 

 

Surgical outcomes may change as urologists respond to feedback. However, these 

outcomes are not independent of each other, and they are not necessarily one-

directional. For example, the likelihood of sexual bother may be increased if a patient 

had a PSM and therefore went on to further treatment or increase if a patient receives 

more aggressive surgery and does not have a PSM (see Figure 13). A potential way 

to adjust for this interdependence between outcomes would be to use a bivariate probit 

model, which would allow for a correlation in the errors of the PSM and sexual bother 

models. However, separate linear models also allow for adjustment of unobserved 

time-invariant urologist characteristics pre- and post-feedback. These can 

demonstrate whether conditional outcomes change with feedback. The relationship 

between PSM and sexual bother may also change with the introduction of feedback, 

as urologists change their behaviour. For example, the correlation may change from 

positive (high PSM rate results in more additional treatment results in more sexual 

bother) to negative (PSM results remain unchanged, but urologist avoids more 

additional treatment, resulting lower sexual bother). A bivariate probit model would not 
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capture this change. Linear probability models are also chosen over probit models to 

avoid the incidental parameter problem (Kunz, Staub, & Winkelmann, 2017; 

Lancaster, 2000). 

Predicted means of outcomes were compared for each of the urologists pre- and post-

feedback. The means of the fitted values 𝑋Β̂ were estimated from equation (4.1) and 

adjusted for the urologist and feedback fixed effect, as in equation (4.2). A separate 

linear relationship was created between sexual bother and PSM (equation (4.3)). 

𝜇𝑗𝑓
𝑞

= 𝑋Β̂ +  vjf,q                 (4.2) 

𝜇𝒋𝒇
𝑆𝐵 = 𝛾0 + 𝛾1𝜇𝒋𝒇

𝑃𝑆𝑀            (4.3) 

The change in each quality indicator is estimated using equation (4.2) for each 

urologist after they begin to receive feedback (equation (4.4)) 

𝜇𝑗,𝑐ℎ𝑎𝑛𝑔𝑒
𝑞 = 𝜇𝑗𝑓=1

𝑞 − 𝜇𝑗𝑓=0
𝑞            (4.4) 

The effect of feedback on change in sexual bother rates is then estimated as a linear 

combination of the estimated change in PSM for urologist j after feedback plus a 

constant (equation (4.5)). This linear model was used to explore changes in the 

correlation between PSM and sexual bother rates with the introduction of feedback 

𝜇𝑗,𝑐ℎ𝑎𝑛𝑔𝑒
𝑆𝐵 = 𝛾0,𝑐ℎ𝑎𝑛𝑔𝑒 + 𝛾1,𝑐ℎ𝑎𝑛𝑔𝑒𝜇𝑗,𝑐ℎ𝑎𝑛𝑔𝑒

𝑃𝑆𝑀            (4.5) 

Graphically plotting the relationship between sexual bother and PSM rates recognises 

movement patterns across the urologists. A linear fit is assumed, but the relationship 

may be more complex. In particular, as both the estimates for PSM and sexual bother 

rates are uncertain, and the urologist error terms likely correlated, the line of best fit is 

likely biased towards zero. This analysis may, therefore underestimate the size of the 

relationship between changes in PSM and sexual bother. 
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4.3. Results 

4.3.1. Patient characteristics 

Summary patient characteristics are presented in Table 8. When comparing patients 

whose urologists received feedback (‘feedback’ patients) to those whose urologists 

had not (‘no feedback’ patients), patients appeared to be older, of higher risk, received 

less invasive surgery, had a similar likelihood of PSM, and a reduced likelihood of 

sexual bother. Sexual bother status was not reported for 73.4% of patients of 

urologists receiving feedback, compared to 30.6% of the ‘no feedback’ group. The 

majority of ‘no feedback’ patients underwent surgery prior to 2013, whereas most 

‘feedback’ patients received their surgery from 2013. 

Table 8 Patient characteristics, by urologist feedback status 

Characteristic No urologist 
feedback 

Urologist feedback p-value (Pearson's 
chi-squared) 

N 3028 5282 

 

Age group 

  

<0.001 

<55 461 (15.2%) 588 (11.1%) 

 

55-74 2520 (83.2%) 4471 (84.6%) 

 

75+ 47 (1.6%) 223 (4.2%) 

 

NCCN risk at surgery 

  

<0.001 

Low Risk 636 (21.0%) 605 (11.5%) 

 

Intermediate Risk 1766 (58.3%) 3516 (66.6%) 

 

High Risk 626 (20.7%) 1161 (22.0%) 

 

PSA level at surgery 
(ng/mL) 

  <0.001 

<=10.0 2514 (83.0%) 4206 (79.6%) 

 

10.01-20.0 383 (12.6%) 789 (14.9%) 

 

>20.0 116 (3.8%) 200 (3.8%) 

 

NR 15 (0.5%) 87 (1.6%) 

 

Surgery type 

  

<0.001 

Less invasive surgery 1593 (52.6%) 3836 (72.6%) 

 

Open surgery 1415 (46.7%) 1393 (26.4%) 

 

NR 20 (0.7%) 53 (1.0%) 
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Characteristic No urologist 
feedback 

Urologist feedback p-value (Pearson's 
chi-squared) 

Surgery year 

  

<0.001 

2009 345 (11.4%) 0 (0.0%) 

 

2010 420 (13.9%) 0 (0.0%) 

 

2011 977 (32.3%) 0 (0.0%) 

 

2012 978 (32.3%) 60 (1.1%) 

 

2013 54 (1.8%) 986 (18.7%) 

 

2014 76 (2.5%) 937 (17.7%) 

 

2015 95 (3.1%) 993 (18.8%) 

 

2016 75 (2.5%) 992 (18.8%) 

 

2017 8 (0.3%) 1097 (20.8%) 

 

2018 0 (0.0%) 217 (4.1%) 

 

Surgical margin 

  

0.16 

No PSM 2165 (71.5%) 3865 (73.2%) 

 

PSM 781 (25.8%) 1295 (24.5%) 

 

NR 82 (2.7%) 122 (2.3%) 

 

Sexual Bother 

  

<0.001 

None or little sexual 
bother 

1264 (41.7%) 933 (17.7%) 

 

Sexual Bother 838 (27.7%) 473 (9.0%) 

 

NR 926 (30.6%) 3876 (73.4%) 

 

 

In total, 3,508 patients reported sexual bother status and their characteristics are 

summarised in Appendix 7.6, Table 21, p151. They tended to be slightly younger (~4% 

more patients in <55 years old group), lower risk (~6% more patients in the low-risk 

group, PSA level lower overall), were more likely to have received an open surgery 

(~14% more than those not reporting sexual bother status) and showed no statistical 

difference in PSM rates. Sexual bother status was reported for very few patients 

beyond 2014. When restricting surgery year to before 2015, age group, NCCN risk, 

PSA level and PSM status become non-significantly different between the two groups. 
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4.3.2. Estimating the average effect of feedback on PSM and sexual bother 

for each urologist 

Figure 14 presents the unadjusted relationship between PSM and sexual bother, 

explored at the urologist level and stratified by feedback status. The probability of a 

patient reporting PSM or sexual bother is clustered around 20-60% for each urologist. 

Mean rates of PSM at the urologist level reduce from 26.2% to 25.0% after urologists 

begin feedback. Mean rates of sexual bother at the urologist level decrease from 

39.6% to 34.5% after feedback. There is some evidence of a negative correlation 

between PSM and sexual bother after feedback is introduced, whereas prior to 

feedback, this appeared to be a near-constant relationship. This relationship means 

that after feedback was introduced, as the PSM rate decreased, the rate of sexual 

bother increased for each urologist. Alternatively, as sexual bother decreased, the 

likelihood of PSM increased. From the observed data, it is not clear if the change in 

the relationship between the probability of PSM and sexual bother after feedback 

resulted from clinical practice or a result of the unadjusted patient characteristics. 
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Figure 14 Observed rates of PSM versus sexual bother by urologist pre- and 

post-feedback 

 

Notes: Observed mean rates per urologist, unadjusted for patient characteristics 

 

4.3.3. Predicted probability of PSM and sexual bother 

Table 9 and Table 10 give the linear regressions for PSM and sexual bother, as 

described in equation (4.1). As urologists by pre- and post-feedback were included as 

fixed effects, they are not presented in these tables. In general, patient and hospital 

characteristics had the same direction of effect for PSM and sexual bother rates. For 

example, higher NCCN risk was associated with a higher probability of PSM 

(intermediate-risk associated with an increase in P(PSM) of 7.1% versus low-risk, 
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95%CI 4.2, 10.0%; high-risk associated with an increase of 21.7% versus low-risk, 

95%CI 18.3, 25.1%). Similarly, NCCN risk was associated with a higher probability of 

sexual bother (intermediate-risk associated with an increase in sexual bother of 4.8% 

versus low-risk, 95%CI 0.3, 9.4%; high-risk 6.2% versus low-risk, 95%CI 0.4, 12.1%). 

Later dates were also associated with lower probability of PSM (-1.2% annual 

reduction in PSM, 95%CI -1.9, -0.4%) and sexual bother (-3.6% annual reduction in 

sexual bother, 95%CI -5.7, -1.5%).  

Table 9 Linear probability model for PSM, urologist feedback status fixed effect 

Variable 

N=7,150 (34 urologists) 

Change in 
Prob (%) 

SE (%) p-value  Lower 
95% CI 
(%) 

Upper 
95% CI 
(%) 

Constant probability of PSM 39.6 5.6 <0.001 28.5 50.7 

NCCN risk (vs low risk)      

Intermediate risk 7.1*** 1.5 <0.001 4.2 10.0 

High risk 21.7*** 1.7 <0.001 18.3 25.1 

      

Annual time trend (surgery date) -1.2*** 0.4 0.002 -1.9 -0.4 
 

     

PSA level (increase in ng/ml) 0.003 0.014 0.849 -0.025 0.030 

Age group (base 55-74)      

<55 -2.1 1.5 0.168 -5.1 0.9 

75+ -4.8 2.9 0.101 -10.5 0.9 

      

Open surgery (vs less invasive 
surgery) 

1.5 2.0 0.462 -2.4 5.3 

Hospital Characteristics      

Metropolitan (vs regional) -12.9** 6.0 0.032 -24.7 -1.1 

Private (vs public) -12.3*** 1.6% <0.001 -15.4 -9.1 

Notes: * p<0.10, **p<0.05, ***p<0.01. Urologist fixed effects interacted with feedback status not 
reported in table. 
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Table 10 Linear probability model for sexual bother, urologist feedback status 

fixed effect 

Variable 

N=3,223 (32 urologists) 

Change in 
Prob (%) 

SE (%) p-value  Lower 
95% CI 
(%) 

Upper 
95% CI 
(%) 

Constant probability of sexual 
bother 

48.6 10.6 <0.001 27.9 69.4 

NCCN risk (vs low risk)      

Intermediate risk 4.8** 2.3 0.038 0.3 9.4 

High risk 6.2** 3.0 0.035 0.4 12.1 

      

Annual time trend (surgery date) -3.6*** 1.1 0.001 -5.7 -1.5 
 

     

PSA level (increase in ng/ml) -0.03 0.13 0.826 -0.29 0.23 

Age group (base 55-74)      

<55 1.7 2.4 0.496 -3.1 6.4 

75+ -16.0*** 6.1 0.009 -28.0 -4.0 

      

Open surgery (vs less invasive 
surgery) 

-0.2 3.5 0.947 -7.1 6.6 

Hospital Characteristics      

Metropolitan (vs regional) -11.1 11.2 0.319 -33.0 10.8 

Private (vs public) -7.4** 3.0 0.014 -13.4 -1.5 

Notes: * p<0.10, **p<0.05, ***p<0.01. Urologist fixed effects interacted with feedback 

status not reported in table. 

4.3.4. Estimating the relationship between PSM and sexual bother pre and 

post feedback for each urologist 

Including urologist and feedback status fixed effects in equation (4.2) estimated the 

mean rates of PSM and sexual bother before and after feedback. On average, PSM 

and sexual bother increased by a small amount after feedback (predicted mean PSM 

rates rose from 24.3% to 26.2% after feedback; predicted sexual bother rates rose 

from 24.5% to 27.1% after feedback). 
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The adjusted PSM and sexual bother rates for each urologist pre and post feedback 

are estimated using equation (4.2). These adjusted estimates, along with the linear 

relationship between the probability of sexual bother and PSM (equation (4.3)) are 

shown in Figure 15. Figure 15 demonstrates a similar relationship between PSM and 

sexual bother pre-feedback compared to post-feedback, with a small overall increase 

in the absolute probability of sexual bother. The change between PSM and sexual 

bother (Figure 16) suggests a slight negative trend between the two outcomes due to 

feedback introduction. For a 1% increase in PSM probability, there is a 0.58% 

decrease in the probability of sexual bother. 

Figure 15 Relationship between PSM and sexual bother, by urologist (adjusted 

to full sample) 
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Figure 16 Relationship between change in PSM and sexual bother, by urologist 

 

Note: For a 1% increase in PSM probability, there is a 0.58% decrease in the probability of sexual 
bother 

 

There appeared to be a negative trend in the change in PSM or sexual bother against 

each urologist’s pre-feedback rates (Figure 17 and Figure 18, respectively). The higher 

the PSM rate or sexual bother prior to feedback, the greater the reduction following 

feedback. For urologists with the lowest rates of PSM or sexual bother, this appears 

to increase the likelihood of these outcomes following feedback. This negative trend 

is more substantial for sexual bother, where for every 1% higher a urologist’s sexual 

bother rates were prior to feedback, their sexual bother rates reduced by 1.14% 

following feedback. 
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Figure 17 Change in probability of PSM following feedback compared to PSM 

rates prior to feedback, by urologist 

 

Notes: for every 1% higher probability of PSM before feedback, reduce the likelihood by 0.34% 
following feedback. Also indicated that urologists reporting rates of PSM <26% may increase PSM 
rate following feedback 
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Figure 18 Change in probability of sexual bother following feedback compared 

to sexual bother rates prior to feedback, by urologist 

 

Notes: for every 1% higher probability of sexual bother before feedback, reduce the likelihood by 
1.14% following feedback. Also indicated that urologists reporting rates of sexual bother <26% may 
increase sexual bother rate following feedback 

4.3.5. Role of additional treatment 

The relationship of PSM and sexual bother to additional treatment (patients for whom 

surgery is not their only treatment) is briefly explored in Appendix 7.7, p153. This 

analysis examined the relationships between PSM, additional treatment and sexual 

bother at the urologist level, stratified by the urologist’s feedback status.  

The results demonstrate a positive relationship between PSM and additional 

treatment, particularly where an increase in PSM probability also results in a 
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probability of additional treatment for each urologist (Figure 29, p156). There was a 

slight increase in the probability of sexual bother as the probability of additional 

treatment increase for each urologist (Figure 30 p157). However, the overall rates of 

sexual bother changed from positively correlated with the overall rates of additional 

treatment prior to feedback to non-positively correlated following the introduction of 

feedback. Urologists with high rates of additional treatment prior to feedback appear 

to have more considerable reductions in additional treatment following feedback 

(Figure 31, p158). 

4.4. Discussion 

Before adjusting for patient and hospital characteristics, there was some evidence in 

the observed data of a small reduction in the mean probability of PSM and sexual 

bother across urologists. There was also some evidence from the raw data that PSM 

rates were negatively correlated with the likelihood of sexual bother if a urologist 

received feedback. However, once adjusted for patient characteristics (age, risk 

status) and hospital characteristics (whether the hospital is metropolitan or regional, 

public or private) the relationship between PSM and sexual bother was similar both 

pre- and post-feedback, with a small positive trend where sexual bother increase as 

PSM increase. However, a negative relationship was found between changes in PSM 

and changes in sexual bother probabilities. When the relationship between the 

changes in the likelihood of PSM and sexual bother was considered, results showed 

a negative relationship, suggesting that urologists responded to one quality indicator 

at the other's expense. Worst performing urologists (those with the highest rates of 

PSM or sexual bother) also see the most considerable improvements in outcomes. 

Urologists with the best performance prior to feedback appear to not improve following 

feedback, with some of them increasing their probabilities of patient sexual bother or 

PSM. 

This analysis's magnitudes of effect sizes are biased towards zero, as the urologist 

error terms from the PSM and sexual bother analyses likely correlate. This analysis 

may, therefore underestimate the size of the relationship between changes in PSM 

and sexual bother. 
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One mechanism that may explain the relationship between PSM and sexual bother's 

probability is their relationship to additional treatment. The relationship between the 

likelihoods of additional treatment and PSM by each urologist appears unaffected by 

feedback and is positive in both periods. However, the relationship between the 

probability of additional treatment and sexual bother did appear to change after the 

introduction of feedback, with a negative relationship between the probability of 

additional treatment and sexual bother after feedback was introduced. Individual 

changes in additional treatment find that as urologists increased additional treatments, 

they also increased sexual bother and PSM rates. Therefore, additional treatment is 

unlikely to be the primary driver of changes to the probability of sexual bother. Instead, 

sexual bother is more likely influenced by the primary surgery's aggressiveness. 

One of this analysis's strengths is that it uses recent individual patient data collected 

by a disease-specific registry, which captures up to 90% of all newly diagnosed 

prostate cancer cases in Victoria. However, it is limited by what is reported for each 

patient. It cannot account for the true patient case-mix for each urologist, such as 

complete data on comorbidities or family history. 

This study also does not explicitly identify urologist characteristics that might explain 

the limited changes in patient outcomes seen in response to the introduction of 

feedback, as the data do not capture urologist characteristics. Also, data from 

urologists and their surgeries are restricted from the time they join the registry. 

Urologists and hospital stakeholders have identified PSM as an important quality 

indicator, but the results do not find any change in response to feedback. One barrier 

may be an individual urologist’s access to technology or perceived inability to improve 

technique. One change in practice that may facilitate the improvement of sexual bother 

rates rather than PSMs is the refinement of counselling to patients’ prior treatment, 

which may set lower expectations of sexual function following treatment (expert 

opinion, JM). Patients with lower expectations may be less likely to report sexual 

bother following treatment. The study also has limited extrapolation to older men, who 

are less likely to report sexual bother status, either through discomfort of discussing 

the topic, or acceptance that it is part of ageing. 

This study also only accounts for feedback to the registry. All patient care and urologist 

behaviour are likely affected by the existence of the registry regardless of feedback. 
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Therefore, some of the influence of the registry may also be reflected in the time 

trends. To thoroughly explore whether this is the registry or just general time trends, 

Victoria would need to be compared to a state without a registry. These data are not 

available. The outcomes of interest, probability of PSM and sexual bother, are only 

modelled as binary outcomes. The analysis does not account for the severity of PSMs 

or sexual bother, which may also be important to patient prognosis and quality of life. 

Using a linear probability model has many advantages, such as producing consistent 

estimates of the average marginal effects that are easy to interpret. However, linear 

probability models are not bounded and can produce probability estimates above 1 or 

below 0 for extreme values. However, this does not significantly affect this analysis 

where estimated average probabilities are not near 0 or 1.  This study also does not 

consider the likely delay between receiving feedback on PSMs (data recorded at time 

of surgery) and receiving feedback on sexual bother (collected at follow up, a year 

after treatment). However, it is unlikely that this will have a large effect, as registry data 

collection is not automatic: specific staff members access the medical records to 

collect the registry data.  

4.4.1. Conclusion 

This study finds no change in the average likelihood of PSMs and limited evidence of 

a reduction in the likelihood of sexual bother as a response to urologist feedback. 

There was some evidence of a change in the relationship between PSMs and sexual 

bother rates following the introduction of feedback, suggesting some urologists 

respond to one quality indicator at the expense of another. There was also some 

evidence that urologists with the worst performance prior to feedback respond most 

strongly after feedback. 

4.4.2. Further work 

Further work should explore how individual urologists respond to feedback, to 

establish patterns of behaviour across individuals and identify the subgroups of 

urologists who may benefit most from feedback.  
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Additionally, work should explore urologist perception on multiple quality indicators, 

how they may consciously (or unconsciously) choose between them, and what is 

required to enable improvements in all indicators at either the feedback reporting or 

the facilitating level. It would also be of interest to compare indicators where different 

directional movement is desired. In this scenario, the desire is for both PSM and sexual 

bother rates to be reduced. 
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5. How does surgeon experience alter the effectiveness 

of robot-assisted surgery in localised prostate 

cancer? 

5.1. Introduction 

Prostate cancer is the most commonly diagnosed cancer in Australian men, with an 

estimated 1 in 7 men diagnosed with prostate cancer by their 85th birthday (Australian 

Institute of Health and Welfare, 2016). Initial treatment for prostate cancer is often to 

remove cancerous tissue surgically via radical prostatectomy. Laparoscopic radical 

prostatectomy (LRP) was introduced as an alternative to traditional open surgery for 

prostate cancer in 1991 in the USA (Schuessler, Schulam, Clayman, & Kavoussi, 

1997). Due to the learning curve and limited perceived benefits, the technique never 

substantially replaced open surgery (Shuford, 2007). However, since the early 2000s 

in the USA and Australia, open surgery has been progressively replaced with RARP. 

The change in practice has been driven by the expectation that robotic surgery may 

provide benefits over open surgery, both in terms of surgery efficiency (e.g., reduced 

blood use, shorter surgery times), and patient outcomes (e.g. shorter recovery times).  

Financial incentives may also encourage surgeons to use RARP: surgeries conducted 

in private practice may charge more for RARP and access to new technologies may 

encourage patients to use their services due to expectations associated with a new 

technology, particularly where patients can see immediate benefits such as shorter 

recovery times. In Australia, robot-assisted surgery has been adopted in addition to 

traditional open surgery. However, the extent of the potential benefits of RARP over 

open surgery is likely influenced by surgeon experience and the frequency of 

operating. Therefore, a comparison of RARP to open surgery should consider how 

experience with RARP may influence surgery outcomes.   

Previous studies into the comparative effectiveness of robot-assisted surgery 

compared to open surgery (open radical prostatectomy, ORP) have shown minimal 

differences in surgical and patient-reported outcomes (Cao et al., 2019; Huang et al., 

2019; Ilic et al., 2018; Pan et al., 2015). Evidence suggests that RARP surgeries result 

in a shorter length of stay, lower blood loss, fewer transfusions and a reduction in 
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remaining tumour left behind after surgery (positive surgical margin, PSMs), supported 

primarily by non-randomised longitudinal studies and one Australian RCT (Barry, 

Gallagher, Skinner, & Fowler, 2012; Basto et al., 2016; Coughlin et al., 2018; Fode, 

Sønksen, & Jakobsen, 2014; Gardiner et al., 2012; Herlemann, Cowan, Carroll, & 

Cooperberg, 2018; Huang et al., 2019; Ilic et al., 2017; Leow et al., 2016; Medical 

Advisory, 2010; Pan et al., 2015; Ramsay et al., 2012; Robertson et al., 2013; Vora et 

al., 2013; Yaxley et al., 2016). Nearly all comparative effectiveness studies have 

included small numbers of surgeons or hospitals, and studies have been limited by the 

size and scope of the data collected. The non-randomised studies do not appear to 

control for selection bias. Results are confounded by attributing outcome 

improvements from RARP to the procedure, rather than the clinical skills of surgeons 

who switched to RARP or their choice of patients (e.g. patients with fewer 

comorbidities or lower risk of complications). Some international cost-effectiveness 

studies considered differences in comparative effectiveness of RARP, e.g., higher 

rates of preserved urinary continence, erectile function, no residual cancer (Hohwu et 

al., 2011) as important drivers of cost-effectiveness of RARP.  

Studies suggest that a surgeon’s experience with RARP may alter how effective RARP 

is versus ORP. Firstly, there is the learning curve with RARP. Earlier estimates varied, 

suggesting surgeons should perform between 20-1000 RARP to be proficient in 

RARP, with recent studies suggesting surgeons should perform at least 100 RARPs 

(Gumus, Boylu, Turan, & Onol, 2011; Jaulim et al., 2018; Sivaraman et al., 2017). 

These studies have been conducted on small numbers of surgeons (maximum 9). 

Though they have limited external validity to other surgeons, the studies suggest that 

the number of RARP performed prior may influence the outcomes of the current 

surgery. 

Comparative effectiveness studies (including RCTs) often compare surgeons with 

high levels of experience. The one RCT of RARP versus ORP the two surgeons 

involved were highly experienced in their respective surgeries: the RARP surgeon had 

completed a two-year robotic fellowship, and at the start of the trial had performed 200 

robotic prostatectomies (over 1000 by the end); the ORP surgeon had 15 years post-

fellowship experience and had performed 1,500 operations at the start of the trial. 

Rarely do studies consider scenarios where surgeons have low levels of experiences 
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or conduct both RARP and ORP. Studies that assess the effect of RARP uptake on 

ORP outcomes have not been identified. There is some evidence that regularity of 

surgeries may also alter the effectiveness of radical prostatectomies, suggesting that 

20 cases per year on average is the minimum cut off where the quality of surgery 

improves (Eastham et al., 2003; Vesey, McCabe, Hounsome, & Fowler, 2012). No 

studies were identified where the effect of the regularity of surgeries on patient 

outcomes had been explicitly explored for RARP. 

Cost of RARP have been shown to be driven by the high cost of purchasing, maintain 

and operating equipment both in Australia (Basto et al., 2016) and internationally 

(Bolenz et al., 2014; Close et al., 2013; Liberman et al., 2012; Ramsay et al., 2012). 

In economic analyses, reduced blood use, surgery time, length of hospital stay can 

offset the high cost of RARP if a large number of RARP are conducted annually. In 

Victoria, a minimum of 140 RARPs annually per hospital was recommended to be 

cost-equivalent to ORP (Basto et al., 2016),  but Basto et al. only considered short 

term cost offsets (e.g. blood use and length of hospital stay).  Economic analyses of 

RARP versus ORP also suffered from low-quality comparative evidence as described 

above, particularly in terms of outcomes that indicate long term costs or benefits, and 

did not consider the effect of surgeon experience with RARP. RARP appears likely to 

remain a popular surgery choice among patients and surgeons despite the additional 

cost. It is therefore important to ascertain how to use RARP most efficiently, 

particularly whether there are circumstances where long term outcomes may be 

improved compared to ORP. 

This study aimed to address these potential issues in the published studies to date, by 

taking advantage of a long-term registry, with 8 years of data on patients with clinical 

and quality of life measured within one year of surgery. The effect of surgeon RARP 

experience on these outcomes is explored by comparing ORP patients prior to 

surgeons commencing RARP, to 1) ORP patients whose surgeon had conducted at 

least one RARP, 2) RARP patients, grouped by surgeon experience of RARP (the 

annual volumes of RARP and numbers of RARP prior to their surgery).   
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5.2. Methods and Data 

RARP is currently a popular method of surgery for prostate cancer in Australia. 

Between 2009 and 2018, 3,534 ORP (35.2% of all radical prostatectomies) and 5,745 

RARP (57.3% of all radical prostatectomies) were recorded on the PCOR-Vic, with a 

minority (7.5%) of patients receiving other types of surgery. The PCOR-Vic collects 

information on >90% of newly diagnosed prostate cancer cases and therefore is likely 

indicative of all patients (Sampurno F and Evans SM (eds) for the Victorian Prostate 

Cancer Clinical Registry Steering Committee, 2015). This study focused on the two 

most common surgical modalities: RARP and ORP and excluded LRP as it only made 

up 6.5% of all surgeries from 2009-2018 (4.2% in 2017). 

The PCOR-Vic also showed an increase in RARPs over time (Figure 19), as hospitals 

with robotic equipment joined the registry, and the procedure increased in popularity. 

For surgeons who joined before 2011 and perform both ORP and RARP, RARP 

accounted for less than 25% of all surgeries before 2011 and over 60% of surgeries 

from 2011, increasing up to ~80% of surgeries in 2015. 
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Figure 19 Number of radical prostatectomies on PCOR-Vic by surgery type 

 

Notes: Increase in surgeries (and RARP in particular) seen in 2011 likely driven both by new hospitals 
joining the registry and increased access to robotic equipment. In 2012 and 2014 there were peaks 
of hospitals joining the registry (>6 in the year), but these were mostly hospitals with low numbers of 
surgeries that did not greatly increase the overall number of radical prostatectomies. The probability 
of RARP in hospitals that joined prior to 2011 is 55% over the whole period (7.5% prior to 2011), the 
probability of RARP in hospitals that joined from 2011 is 78%. 

 

Outcome data available from PCOR-Vic 

As well as data on surgery types, surgeon identifiers, and patient and hospital 

characteristics, the PCOR-Vic collects patient and surgery outcome data. Outcomes 

include the presence of a positive surgical margin (PSM), additional management and 

patient-reported outcomes at 12-month follow-up after surgery (median time to follow 

up of included patients who completed follow up was 11.1 months and 95% of patients 

received follow up within 13.6 months of surgery). Patient-reported outcomes take the 

form of SF-12 summary scores. The SF-12® (Short Form 12 item survey) (John E 

Ware, 2002; J. E. Ware, Kosinski, & Keller, 1996) is a quicker to administer subset of 

questions from the SF-36® (John E Ware, 2008; Ware Jr, 1999), which measures 

health status as reported by patient response across eight health domains. These are 

used to calculate aggregate summary scores: physical component summary and 

mental component summary (Turner-Bowker & Hogue, 2014). A higher score 
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indicates a better health state, and the mean population score in physical and mental 

summary scores is 50, with a standard deviation of 10 (Turner-Bowker & Hogue, 

2014).  

Probability of PSM and additional management are reported or recoded into binary 

variables, and the SF-12 summary scores are continuous. 

A patient inclusion flow diagram is given in Figure 2. Patients were included if they 

received RARP or ORP at least two years prior to 1st Jan 2019. Brachytherapy and 

radiotherapy treatment information was restricted to 2 years following surgery. 

Patients are rarely followed beyond 2 years after initial treatment, and treatment 

beyond this period is less likely to be influenced by the initial surgery. Patients of 

surgeons who had less than a total of 5 patients of each surgery type recorded on the 

registry were excluded. Surgeons are restricted to those who entered the registry 

performing ORP and then conducted at least 5 ORPs and 5 RARPs to create a more 

homogenous group of surgeons based on their experience and reduce confounding 

on selection into treatment by surgeon characteristics. 

For each patient, data were available for their age, risk status (including PSA level, 

Gleason score, clinical T stage and the combination NCCN risk level), surgeon, 

hospital (including whether it was public or private, metropolitan or regional), date of 

surgery, surgery type, date of other treatments, follow up information. SEIFA decile 

was also estimated based on the reported postcode for each patient and patients were 

excluded if this could not be calculated (this affected five patients) 

Outcomes that relate to surgery effectiveness  

Ultimately, it should be ascertained whether RARP offers value for money in the long-

term, once surgeons have sufficient experience. Six surgery groups by surgery type 

and surgeon experience with RARP are identified, which give five treatment groups vs 

a control comparison group for the analysis:  

• Control group: patients who received ORP prior to their surgeon commencing 

RARPs (ORP before RARP); 
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• Treatment group 1: patients who received ORP after their surgeon began 

performing RARPs (ORP after RARP); 

• Treatment group 2: patients who received RARP from low volume RARP surgeons 

(<20 per year) and were one of the first 50 recorded RARPs for their surgeon 

(RARP, low vol., 1st 50);  

• Treatment group 3: patients who received RARP from low volume RARP surgeons 

(<20 per year) after the first 50 recorded RARPs for their surgeon (RARP, low vol., 

after 1st 50); 

• Treatment group 4: patients who received RARP from high volume RARP 

surgeons (20+ per year) and were one of the first 50 recorded RARPs for their 

surgeon (RARP, high vol., 1st 50);  

• Treatment group 5: patients who received RARP from high volume RARP 

surgeons (20+ per year) after the first 50 recorded RARPs for their surgeon (RARP, 

high vol., after 1st 50). 

ORPs that occur prior to surgeons commencing RARP are chosen as the control group 

as patient outcomes are unaffected by a surgeon’s experience with RARP. As some 

surgeons switch to majority RARP once they begin, ORPs conducted after they have 

commenced RARP could decline in quality due to the fewer ORPs performed. A 

comparison of ORPs prior to and after the surgeons commence RARP assesses 

whether there is a significant change in ORP quality after RARP commenced. 50 

surgeries were chosen as a large experience threshold that resulted in a substantial 

number of surgeries for each treatment group (minimum 99) for which matching could 

occur. Only 2 surgeons on PCOR-Vic had performed more than 100 RARPs. Annual 

volume was based upon the literature (Eastham et al., 2003; Vesey et al., 2012). 

Potential indicators of treatment quality include survival and patient quality of life. 

However, operable localised prostate cancer is associated with long survival for 

patients, and the registry does not yet collect long-term survival data. Instead, outcome 

measures associated with surgical quality and some shorter-term prognostic and 

patient outcomes are chosen. The most widely accepted measure of surgical quality 

is the extent of positive surgical margins (PSMs). The presence of tumour tissue 
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remaining after surgery is associated with higher rates of biochemical recurrence and 

poorer patient prognosis (Boorjian et al., 2010; Oh et al., 2013; Ploussard et al., 2011; 

Silberstein & Eastham, 2014; Stephenson et al., 2009; Swindle et al., 2005; Wright et 

al., 2010). Patient quality of life is measured through summary scores from a widely 

used generic quality of life measure (SF-12) (John E Ware, 2002; J. E. Ware et al., 

1996), recorded during patient 1-year follow-up appointments. 

There is a concern that cancer will recur in the longer term, and treatment is more 

effective if it reduces the rate of recurrence. An additional outcome, the likelihood of a 

patient receiving additional curative treatment after surgery (i.e. brachytherapy or 

radiotherapy), is used as a proxy measure of a surgeon’s expectation of cancer 

recurrence. Additional management may also be associated with worse quality of life 

for patients (Alsinnawi et al., 2019) and increased total cost of treatment. The decision 

to provide additional management is not based solely on the initial surgery received 

by a patient. Interpretations of any differences in additional management as an 

outcome of surgery type alone must be made cautiously. Surgeon and patient 

preference, and patient circumstance play a role in treatment decisions, which are not 

observed in the data. Furthermore, because treatment after surgery is not reported to 

the surgeon (unlike PSM), there is some concern that this information may not be as 

accurately recorded in the registry, and may systematically underestimate the 

numbers of patients receiving additional management. 

5.2.1. Effectiveness of robotic surgery in prostate cancer surgery using real-

world data  

5.2.1.1. Methods: adjusting for confounding  

As PCOR-Vic data is observational, patient selection into treatment (the type of 

surgery) and surgery outcomes will confound the relationship between treatment type 

and outcomes. For example, older patients are less likely to be offered robotic surgery 

because of a poorer prognosis (Fode et al., 2014; Florian Rudolf Schroeck et al., 2017; 

Tang et al., 2017). This link between prognosis and surgery type will bias the treatment 

effect in favour of robotic surgery. Inverse-probability weighting (IPW) is used to adjust 

for observed confounding by estimating a population in which the treatment is 
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independent of the measured confounders. As such, IPW improves the balance within 

each of the two treatment allocation groups (Mansournia & Altman, 2016; Robins, 

Hernán, & Brumback, 2000). The IPW approach has been used previously for 

comparing radical prostatectomy outcomes across different institutions (Pooli et al., 

2020).  

Comparing those who got robotic surgery with those received an open surgery IPW 

allows additional weight to those patients who received an open surgery who were 

more similar to those that received robotic surgery.  

To estimate the required inverse probability weights, the confounders that affect 

treatment choice and outcomes are identified and included within a logistic regression 

of the form: 

𝑙𝑜𝑔 (
𝑃(𝑅𝐴𝑅𝑃)

1 − 𝑃(𝑅𝐴𝑅𝑃)
) = 𝑙𝑜𝑔 (

𝑃(𝑅𝐴𝑅𝑃)

𝑃(𝑂𝑅𝑃)
) =  𝐗𝒊𝚩  +  𝜖𝑖                   (5.1) 

Where 𝐗𝒊  is the group of confounders that may affect surgery choice and 𝜖𝑖  the error 

term for patient i. 

Inverse probability weights for each patient are estimated such that 

𝑤𝑖 = {

1, if patient 𝑖 received RARP

𝑃(𝑅𝐴𝑅𝑃|𝑋𝑖)

1 − 𝑃(𝑅𝐴𝑅𝑃|𝑋𝑖)
, if patient 𝑖 received ORP

              (5.2) 

Identifying confounders  

Many confounders affect both surgery choice and patient outcomes, and patients may 

be more likely to receive RARP over ORP and have better surgical and patient 

outcomes if patients are: 

• Younger (Fode et al., 2014; Florian Rudolf Schroeck et al., 2017; Song, Lee, Lee, 

& Hong, 2019; Tang et al., 2017) 

• Lower risk at diagnosis (S. M. Evans et al., 2014; Fode et al., 2014) 

• Treated in a private hospital [PCOR-Vic data](S. M. Evans et al., 2014) 
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Evidence from the PCOR-Vic also suggests that patients who live in wealthier areas, 

who attend metropolitan (vs regional) hospitals, and who have later surgery dates are 

associated with a higher likelihood of RARP over ORP.[PCOR-Vic data](S. M. Evans 

et al., 2014) 

There are other biases for surgery choice for which the PCOR-Vic does not provide 

data. For example, receiving RARP is associated with healthier patients (e.g., lower 

BMI, fewer comorbidities) (Florian Rudolf Schroeck et al., 2017). For this reason, 

ORPs that occur prior to RARP is the chosen control group, as these patients will be 

unaffected by these biases. However, there may also be temporal changes in 

comorbidities and BMI which lead to bias. The PCOR-Vic does not report BMI 

information and only reports comorbidity status for 147 patients (or which 9 report a 

comorbidity) and therefore SEIFA, hospital status (e.g. private) and age are hoped to 

also capture possible BMI and comorbidity biases. In the RCT of RARP versus ORP, 

similar rates of comorbidities were recorded in the two surgery arms after patients 

were stratified by age group (Yaxley et al., 2016), suggesting the inclusion of age as 

a confounder may control for some of the comorbidity biases. 

Surgery date is not controlled for in either the surgery choice or outcome models. 

Surgery date is an almost perfect predictor of whether a patient receives RARP. Only 

13 RARPs were conducted prior to 2011, and matching these outliers would give them 

unreasonably large weights in the outcome model. Individual surgeon effects are not 

included because of limited data on individual surgeon characteristics. 

PCOR-Vic does collect data on both regional and metropolitan hospitals. However, 

most regional hospitals do not conduct RARP (8.9% of patients at regional hospitals 

receive RARP), and a large proportion of regional patients attend one hospital. 

Therefore, it would not be appropriate to match RARP metropolitan patients to ORP 

regional patients. The base case restricts to metropolitan hospitals. This restriction 

does result in few ORPs prior to RARP after 2011 (4 between 2012 and 2014).  

A complete list of included confounders for the surgery choice and outcome models is 

given in Table 11. 
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Table 11 Confounders for surgery choice and outcome models 

Confounder Grouping in model Reason confounder is in 
surgery choice model  

Reason confounder is in 
outcome model 

Age <55, 55-74 years old Younger patients more 
likely to receive RARP 
(Fode et al., 2014; Florian 
Rudolf Schroeck et al., 
2017; Tang et al., 2017) 

Younger patients have 
better outcomes 
(particularly functional) 
(Song et al., 2019) 

Patient risk 
status 

NCCN intermediate, 
high risk 

Lower risk patients more 
likely to receive RARP 
(Fode et al., 2014) 

Lower risk patients have 
better outcomes 
(particularly PSM) (S. M. 
Evans et al., 2014) 

Hospital public 
or private 

public, private Patients of private 
hospitals more likely to 
receive RARP [PCOR-Vic 
data on file] 

Private hospitals 
associated with better 
patient outcomes 
(particularly PSM) (S. M. 
Evans et al., 2014) 

SEIFA decile <40%, 40-60%, >60%, 
unknown 

Patients from wealthier 
areas more likely to 
receive RARP [PCOR-Vic 
data on file] 

Higher SEIFA decile 
associated with better 
patient outcomes 
(particularly PSM) [PCOR-
Vic data on file] 

Notes: NCCN= National Comprehensive Cancer Network; PCOR-Vic= Prostate Cancer Outcomes 
Registry-Victoria; PSM= positive surgical margin, RARP= robot-assisted radical prostatectomy; 
SEIFA= Socio-Economic Indexes for Areas 

 

The IPW for ORP prior to the availability of RARP versus each treatment was 

estimated for each of the five comparisons using equation (5.3). Patients were 

grouped within each variable where similarities were expected to control for extreme 

outliers and avoid overidentification. No RARPs of high-volume surgeons were 

conducted in public hospitals, and therefore hospital status (public or private) was 

excluded as a variable in the IPW. Covariates pre and post weighting for each surgery 

type are compared to assess how well the model balances the covariates. 

𝑙𝑜𝑔 (
𝑃(𝑅𝐴𝑅𝑃)

1 − 𝑃(𝑅𝐴𝑅𝑃)
) =  𝛽0 + 𝛽1NCCN𝑖 + 𝛽2Age𝑖 + 𝛽3(SEIFA 41 − 60%)𝑖

+ 𝛽4(SEIFA 61 − 80%) +  𝛽5(SEIFA 81 − 100%)𝑖 + 𝛽6Private𝑘 +  𝜖𝑖   (5.3) 

Where NCCN=NCCN risk (intermediate, high), SEIFA= SEIFA decile (<40%, 41-60%, >60%), Age= 
age group (<55, 55-74), Private=hospital is private (vs public).  
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Estimating the average effect of surgery type 

Following the identification of the IP weights, a linear regression was fit using the 

covariates included in the IPW model for each of the 5 comparisons versus ORP prior 

to surgery 

To estimate weighted linear regressions using all covariates included in the IPW 

model. Robust standard errors are calculated. Comparisons were made based on how 

the outcomes of RARP varied by the average annual volume of RARPs and the 

number of prior RARPs (first 50 RARPs, more than 50 RARPs). To explore the indirect 

effect of surgeon experience of RARP on outcomes for ORP, an indicator of if the 

patient received ORP after each surgeon began performing RARP is included. The 

outcome model for the probability of PSM following surgery is therefore built as follows, 

in equation (11): 

𝑃(PSM)i =  𝛾0 + 𝛾1𝑆𝑖 + 𝛾2NCCN𝑖 + 𝛾3Age𝑖 +  𝛾4(SEIFA 41 − 60%)𝑖

+  𝛾5(SEIFA 61 − 80%) +  𝛾6(SEIFA 81 − 100%)𝑖 + 𝛾7Private𝑘 + 𝜀𝑖  (5.4) 

Where 𝑆𝑖= surgery type and surgeon experience (patient i receives surgery after RARP introduction 
vs. patient receives ORP prior to RARP begins for surgeon [base]. NCCN=NCCN risk (high vs 
intermediate [base],), Age= age group (55-74 years vs <55 [base]), SEIFA= SEIFA decile ( 40-60%, 
>60% vs <40% [base]), Private=hospital k is private (vs public). As with the IPW, for the comparison 
of high-volume surgeons only private hospitals are included. 

 

Separate IPW and linear regressions are estimated for each pairwise comparison of 

RARP experience versus the ORP before RARP control group, and therefore 

equations (5.1-5.4) are repeated for each comparison. 

The IPW and linear regression were estimated using the ‘teffects ipwra’ command in 

Stata/SE 16.0 (StataCorp, 2019). As the primary interest is what would have happened 

to treated patients had they not received RARP (or ORP after RARP commenced), the 

focus is on the average treatment effect for the treated (ATET). A covariate balance 

check was performed after weighting for each analysis. 

Additional outcomes  

IPW and weighted linear regressions were also calculated for the other outcomes: the 

probability of additional management and the SF-12 summary scores. As no SF-12 
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data was recorded for public hospital patients who received RARP from low volume 

surgeons (when their surgeon has conducted >50 RARPs) or RARP from high volume 

surgeons, the IPW and regression analyses were restricted to private hospitals for 

these comparisons. 

5.3. Results 

5.3.1. Patient characteristics 

Full patient characteristics are given in Appendix 7.9, p160. Of the 1,816 included 

patients, 1,099 received RARP. RARP patients tended to live in wealthier postcodes, 

be of lower risk, were more frequently treated in metropolitan and private hospitals, 

with later surgery dates. Age at surgery was similar in both groups. 

PSM status was recorded for 1,786 patients, and SF-12 summary scores were 

recorded for 887 patients. 

5.3.2. Base case results 

The full IPW and regression models for PSM are given in Appendix 7.10, p166. In 

general, lower NCCN risk and attendance at a private hospital are associated with a 

higher likelihood of RARP. For RARP patients of high-volume surgeons, living in a 

wealthier postcode was associated with an increase in the likelihood of PSM. For lower 

volume surgeons, there was a negative association between wealthier postcodes and 

likelihood of receiving RARP, which may be offset by whether the patient attended a 

private hospital (which gave a probability of receiving RARP above 100%). In all 

outcome models, higher NCCN risk was associated with a statistically significant 

increase in PSM probability at 5% threshold. Attending a private hospital was 

associated with a reduction in PSM for patients of surgeons with RARP experience 

compared to attending a public hospital, especially for ORP patients after RARP 

commenced (-16.0%, p<0.001, 95%CI -26.0, -5.9%), but no statistically significant 

difference in PSM was seen for private versus public hospitals for ORP patients prior 

to RARP commencing (p>0.10).  
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The average treatment effects for the treated (i.e. patients who received surgery after 

RARP commenced for their surgeon) for each of the five comparisons are given in 

Table 12. Counterfactual estimates differed across the comparisons (generally 

reducing as experience with RARP increased). Covariate balance was tested in each 

analysis, and none were found that rejected the null hypothesis that the covariates are 

balanced. 

RARP was associated with a reduction in PSM compared to ORP prior to RARP for 

all experience levels. However, the magnitude and significance of this reduction were 

larger when RARP experience was greater, such that patients of low volume surgeons 

saw a statistically significant reduction in PSM at the 10% level compared to ORP prior 

to RARP when surgeons had conducted more than 50 RARPs (-10.5%, p=0.066, 95% 

CI -21.4, 0.7%). Patients of high-volume surgeons saw a statistically significant 

reduction in the probability of PSM as a 5% threshold, even for patients who were in 

the first 50 RARPs for their surgeon (-16.2%, p=0.016, 95%CI -29.3, -3.0%) 

ORP after RARP commenced, showed a statistically non-significant reduction in the 

probability of PSM compared to ORP prior to RARP (-1.8%, p=0.703, 95%CI -11.0, 

7.5%) 

Table 12 Probability of PSM by surgery type and surgeon experience of RARP 

Comparison N 

(weighted) 

P(PSM) 

(%) 

Robust 
SE 

(%) 

p- value  Lower 
95% CI 

(%) 

Upper 
95% CI 

ORP comparison 
(before and after 
RARP begins) 

516 

     

Counterfactual (ORP 
before RARP) 

144  

(258.0) 

37.3*** 4.1 <0.001 29.3  45.3 

ATET ORP after 
RARP vs ORP 
before RARP 

372  

(258.0) 

-1.8 4.7 0.703 -11.0 7.5 

       



 

117 

Comparison N 

(weighted) 

P(PSM) 

(%) 

Robust 
SE 

(%) 

p- value  Lower 
95% CI 

(%) 

Upper 
95% CI 

ORP vs early low 
volume RARP 
experience 

700 

     

Counterfactual (ORP 
before RARP) 

144  

(352.9) 

37.0*** 4.9 <0.001 27.3 46.6 

ATET RARP low vol 
1st 50 pts vs ORP 
before RARP 

556  

(347.1) 

-6.9 5.3 0.187 -17.2 3.4 

       

ORP vs established 
RARP low volume 

352 

     

Counterfactual (ORP 
before RARP) 

144  

(179.1) 

36.4*** 4.9 <0.001 26.9 46.0 

ATET RARP low vol 
>50 pts vs ORP 
before RARP 

208  

(172.9) 

-10.5* 5.7 0.066 -21.6 0.7 

       

ORP vs early RARP 
high volume 

170 

     

Counterfactual (ORP 
before RARP) 

71 

(85.1) 

34.4*** 5.6 <0.001 23.3 45.4 

ATET RARP high vol 
1st 50 pts vs ORP 
before RARP  

99  

(84.9) 

-16.2** 6.7 0.016 -29.3 -3.0 

       

ORP vs established 
high vol RARP 

280 

     

Counterfactual (ORP 
before RARP) 

71  

(140.0) 

32.0*** 5.9% <0.001 20.5 43.6 

ATET RARP high vol 
>50 pts vs ORP 
before RARP 

209  

(140.0) 

-13.8** 6.4 0.031 -26.4 -1.2 

Notes: * p<0.10, ** p<0.05, ***p<0.01; counterfactual refers to the probable outcomes estimated for 
the treated if they were untreated; ATET=average treatment effect on the treated; counterfactual= 
ORP prior to surgeon commencing RARP (ORP before RARP), treated= level of RARP experience. 

5.3.2.1. Additional patient and surgical outcomes 

Additional outcome results are presented in Table 13. RARP experience was 

associated with a non-statistically significant reduction (numerically worse) in SF-12 

physical summary scores compared to ORP prior to RARP, except for patients who 
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received RARP from high volume surgeons who completed at least 50 surgeries 

where there was non-significant improvement. Low volume RARP, particularly for later 

patients, had the most considerable reduction in SF-12 physical summary scores than 

ORP patients prior to RARP, (score change of -5.42, p=0.111, 95% CI -12.09, 1.24), 

but these results were not statistically significant. There is some evidence that RARP 

experience was associated with an increase in the SF-12 mental summary score. In 

particular, for the initial 50 RARPs, there was an increase in SF-12 mental summary 

score is statistically significant at a 5% threshold: for patients of low volume surgeons 

there is an increase in score of 2.18 (p=0.034; 95%CI 0.17, 4.18) and for high volume 

surgeons there is an increase in score of 2.38 (p=0.035; 95%CI 0.17, 4.58)   

There is evidence that RARP experience is associated with a reduction in additional 

management, but this is not statistically significant for any level of RARP experience 

compared to ORP prior to RARP. Additional management rates are estimated to be 

low for all patients (<10% in the counterfactual arm of all comparisons) and in the 

comparison of RARP patients of high-volume surgeons who have conducted >50 

surgeries versus ORP prior to RARP patients, the probability of additional 

management for ORP prior to RARP patients is not statistically significant at a 5% 

level, suggesting the absolute probability of additional management for these patients 

is not proven to be different from 0%. 

Table 13 Additional outcomes by surgery type and surgeon experience of RARP 

Outcome Comparison 
(Treatment vs 
ORP before 
RARP) 

Raw N Estimated 
counterfactual 
(95%CI) 

ATET  

(95% CI) 

Additional 
management 

ORP after RARP 532 

(378 treated) 

8.9%*** 

(4.6%,13.2%) 

-2.3% 

(-7.3%,2.7%) 
 

RARP low vol 1st 
50 pts 

717 

(563 treated) 

6.6%*** 

(2.0%,11.2%) 

-2.5% 

(-7.3%,2.3%) 
 

RARP low vol 
>50 pts 

364 

(210 treated) 

6.5%*** 

(2.1%,10.9%) 

-2.7% 

(-7.8%,2.4%) 
 

RARP high vol 
1st 50 pts 

178 

(99 treated) 

4.8%** 

(0.2%,9.4%) 

-3.8% 

(-8.8%,1.2%) 
 

RARP high vol 
>50 pts 

288 

(209 treated) 

3.6%* 

(-0.4%,7.6%) 

-1.7% 

(-6.1%,2.7%) 
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Outcome Comparison 
(Treatment vs 
ORP before 
RARP) 

Raw N Estimated 
counterfactual 
(95%CI) 

ATET  

(95% CI) 

SF-12 Physical 
summary score 

ORP after RARP 381 

(229 treated) 

51.66*** 

(50.39,52.93) 

-1.41 

(-3.11, 0.29) 
 

RARP low vol 1st 
50 pts 

413 

(261 treated) 

52.77*** 

(51.49,54.06) 

-0.58 

(-2.15,0.98) 
 

RARP low vol 
>50 pts 

87 

(9 treated) 

53.44*** 

(51.39,55.50) 

-5.42 

(-12.09,1.24) 
 

RARP high vol 
1st 50 pts 

173 

(95 treated) 

53.11*** 

(51.64,54.59) 

-0.94 

(-3.11,1.22) 
 

RARP high vol 
>50 pts 

124 

(46 treated) 

53.38*** 

(51.97,54.78) 

0.85 

(-1.44,3.13) 

SF-12 Mental 
summary score 

ORP after RARP 381 

(229 treated) 

51.19*** 

(49.73,52.65) 

1.57 

(-0.34,3.48) 
 

RARP low vol 1st 
50 pts 

413 

(261 treated) 

51.46*** 

(49.79,53.13) 

2.18** 

(0.17,4.18) 
 

RARP low vol 
>50 pts 

87 

(9 treated) 

51.75*** 

(49.63,53.86) 

1.50 

(-4.85,7.84) 
 

RARP high vol 
1st 50 pts 

173 

(95 treated) 

51.88*** 

(50.08,53.69) 

2.38** 

(0.17,4.58) 
 

RARP high vol 
>50 pts 

124 

(46 treated) 

51.56*** 

(49.55,53.57) 

2.93* 

(-0.44,6.29) 

Notes: *p<0.10, **p<0.05, *** p<0.01. Patients reweighted for SF-12 analyses. ORP before RARP= 
ORP occurs prior to surgeon commencing RARP  

5.4. Discussion 

5.4.1. Summary 

This analysis is the first to examine the impact of surgeon experience of RARP on 

RARP outcomes and ORP outcomes, using a large dataset of typical prostate cancer 

surgeons and patients. 

Like previous research, this study suggests that the uptake of RARP in high volume 

surgeons was associated with some benefits to patients compared to ORP (reduced 

PSM, higher SF-12 mental health scores), even when controlling for surgery choice 

factors. Patients who receive RARP from surgeons with less experience (fewer total 
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number of RARP, lower annual volumes of RARP) also see a non-significant decrease 

in PSM for their first 50 patients compared to ORPs prior to RARP. For patients 

receiving ORP, there is limited evidence that outcomes for ORP may improve after 

RARP is introduced (e.g. decrease in PSM compared to ORP prior to first RARP for 

each surgeon).  

There is some evidence that RARP outcomes improve with more RARPs performed, 

especially for low volume surgeons: the probability of PSM reduces above a 50-patient 

threshold, compared to the first 50 RARPs, although this is not significant. In the SF-

12 analyses, no patients were identified who had surgeons with over 100 RARPs, and 

9 patients were identified as receiving RARP by low volume surgeons who had 

previously performed more than 50 RARP, so the significance of these results should 

be interpreted with caution. 

The analysis found some evidence that experience with RARP is associated with a 

reduction in the likelihood that a patient is recorded as receiving additional 

radiotherapy or brachytherapy within 2 years of surgery. However, there were many 

factors that the study could not account for (e.g., input of the multidisciplinary team for 

each patient, hospital procedures, financial incentives), which may influence surgery 

choice as well as later treatment decisions. Therefore, reporting of these additional 

managements and these results should be interpreted with caution. Though there are 

financial incentives for subsequent brachytherapy or radiotherapy in private practice, 

the raw numbers from the PCOR-Vic suggest that patients were more likely to receive 

additional management if they received surgery in a public hospital (6.6% public 

hospital versus 3.7% private hospital), suggesting those incentives may not drive the 

additional management rates. 

This analysis has also provided insight into surgeons' behaviour in a healthcare 

system with multiple surgery options. Of the 21 included surgeons who performed both 

RARP and ORP, 9 had performed more than 50 RARPs in the dataset's timeframe 

and 4 had an average annual volume of at least 20 patients. Therefore, most surgeons 

are not conducting as many RARPs as recommended in the effectiveness and cost-

effectiveness literature (upwards of 100 RARPs per year) (Basto et al., 2016; Gumus 

et al., 2011; Leow et al., 2016).  
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One concern with the analysis was the restriction to metropolitan hospitals because 

very few RARPs were conducted in regional hospitals. While this reduces the effect of 

location on surgery choice and outcome, it results in very few ORPs prior to the 

introduction of RARP after 2011. Thus, adjustment cannot be made for surgery date 

in the analysis and may overestimate the effect of RARP experience if surgeries, in 

general, improve over time.  

Outcomes from the comparison of ORP prior to and after RARP commences were not 

statistically significant. However, the change for ORP patients after RARP began for 

each outcome was similar in magnitude and direction to patients receiving RARP. It is 

difficult to separate whether this resulted from the changes over time (and an increase 

in experience of radical prostatectomies in general) or the introduction of RARP.  

5.4.2. Strengths and limitations 

One limitation of the study is the lack of information on surgeon experience prior to 

joining the registry. Therefore, the quantity of training and experience surgeons 

previously had for each surgery type is unknown. The effect of RARP for the first 50 

patients may be exaggerated as the surgeons have had more experience of RARP 

than expected. The difference in patients receiving ORP before and after RARP 

commences could also be underestimated. This study tried to limit to surgeons who 

were developing RARP experience, by restricting to surgeons who perform both types 

of surgery and ensuring that ORP was the first surgery type for each surgeon recorded 

by the registry.  

Surgeons with varying numbers of surgeries were included to reflect the healthcare 

system as a whole. Some surgeons had small numbers of patients, so the models 

were not adjusted for individual surgeon fixed effects. Therefore, the results applied 

across surgeons, rather than the effect of RARP experience for individual surgeons. 

The majority of surgeries included in the analysis were conducted in private hospitals, 

which are highly correlated with the likelihood of receiving RARP and better outcomes. 

While this may reflect the Australian system, the extrapolation of these results to other 

healthcare settings should be conducted with caution.  
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There may be significant confounders that are not included in the IPW. The registry 

has limited information on comorbidity, BMI and family history that could influence 

surgery choice and outcomes. It is therefore possible that unintentional imbalances in 

these risk factors may have occurred through the matching process. Similarly, there 

are only limited short-run outcome data reported by the registry. Longer-term 

outcomes, such as biochemical recurrence or survival; or cost relevant outcomes such 

as blood use, length of surgery, length of hospital stay; could indicate other costs and 

benefits of each surgery type. 

One of this study technique's advantages is that IPW provides the ability to adjust 

longitudinal data such that it mimics the random selection process of an RCT under 

certain assumptions (e.g. no selection on unobservables). Furthermore, IPW is a 

doubly robust method, meaning that either the treatment or outcome model may be 

mis-specified, and the estimator would remain unbiased (Funk et al., 2011). 

Furthermore, unlike other matching methods, IPW does not require the removal of 

patients from the analysis. 

However, IPW regressions tend to be less precise than correctly specified maximum 

likelihood estimators using correctly specified models. Individuals with extreme 

characteristics may lead to unstable estimates and large standard errors (Funk et al., 

2011). To minimise the effect of extreme characteristics in the analysis, they were 

grouped by similarity. 

Linear regressions were used for outcome models, as these are easier to interpret. 

However, these are unbounded, which may produce erroneous predictions for 

probability outcomes near 0 or 1. One such instance is the additional management 

outcome model where 3-6% of patients receive additional management depending 

upon surgery type, and confidence intervals could extend below 0. 

5.4.3. Conclusion 

Overall this analysis supports the conclusion that RARP has similar outcomes to ORP 

(and introduction of RARP has no significant effect on ORP outcomes). It also 

suggests that RARP effectiveness improves with higher volume. As RARP is an 

expensive technology, the findings do not provide evidence of the cost-effectiveness 
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of RARP compared to ORP. However, it does not capture short term costs and 

outcomes associated with a less invasive procedure. In previous studies, reduction in 

length of stay and blood transfusions associated with RARP resulted in similar total 

costs for RARP and ORP for high volume hospitals (Basto et al., 2016). 

Given the fast uptake of RARP on the PCOR-Vic (and the subsequent reduction in 

ORPs) with no immediate significant observable changes in surgery outcomes, 

potential policy implications surround the uptake of these kinds of costly technologies 

in health care. One potential suggestion from this analysis is that consideration of 

surgeons' training needs may be required to gain the full benefits of the technology if, 

as found here, lower volume surgeons may be expected to have longer learning 

curves. 
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6. Conclusion 

This thesis aimed to examine whether the quality of care can be improved through 

changes in provider behaviour, notably through interventions that reduce unwarranted 

variation or through experience of new technologies. Prostate cancer was chosen as 

a costly disease to the healthcare system, where there may be systematic variation, 

making the quality of care less efficient. The thesis focused on guidelines for prostate 

cancer diagnosis, feedback on management decisions, feedback on surgical and 

patient outcomes, and surgeon experience of robot-assisted surgery on surgical and 

patient outcomes.  

Chapter 2 considered the effect of GP guidelines to reduce overdetection of prostate 

cancer. Data included prostate cancer incidence from the New South Wales, 

Queensland, Western Australia and Victorian cancer registries, PSA testing incidence 

(as recorded by Medicare) and population numbers reported by the Australian Bureau 

of Statistics. All data were recorded between 2002 and 2015. ITSA were used to 

compare incidence rates, testing rates and cases per test between Victoria and an 

average of the other states both pre- and post-2009. All states saw an increase in PSA 

testing and prostate cancer cases detected prior to 2009, with Victoria showing a 

similar increase and absolute rate of cancer detected, but with a faster increase in 

PSA testing rate than the other states, and a faster reduction in cases detected per 

10,000 PSA tests than the other states. From 2009, Victoria saw a faster reduction in 

prostate cancer cases detected and PSA tests per 100,000 men than the other states. 

However, neither Victoria nor the other states saw a significant increase in cases 

detected per 10,000 PSA tests from 2009. Victoria saw the most significant change in 

cases per test, particularly for men 75 and over, where the rate of case per test 

remained near-constant from 2009 compared to decreasing prior to 2009. The results 

provide some evidence that all states responded to guideline changes by reducing the 

rate of testing and cases detected (for men 45 and above), and that Victoria has 

different testing practices to the other states. Because there are differences in PSA 

testing rates between Victoria and the other states prior to 2009, it is unclear if Victoria 

responded to a change other than the guidelines after 2009 (e.g., introducing the 

Prostate Cancer Outcomes Registry-Victoria). Though there is evidence of a reduction 

PSA testing, there is only some evidence that the guidelines have improved the 
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efficiency of testing for men aged 45 years and over, suggesting that patient selection 

for testing could be better directed. Similarity cross states of downstream testing could 

not be assessed and may have affected the rate of cancers detected. Information on 

the family history, risk or staging stratification of patients across states was also not 

available. This information may drive testing (e.g. men with higher-risk prostate cancer 

more likely to present with symptoms, or men with family history more likely to be 

tested) and demonstrate improved efficiency of testing (e.g. PSA testing should result 

in cancers diagnosed earlier). The expansion of the PCOR to across Australia may be 

an opportunity to collect this data and further explore the testing rates.  

One of the other ways that evidence-based recommendations have attempted to 

reduce overdetection is by also reducing the number of men who receive curative 

management (e.g., surgery or radiotherapy) for those diagnosed with low-risk disease. 

Chapter 3 explored how peer comparative feedback to urologists reinforced these 

recommendations. It also explored the effect of feedback concerning the 

recommendation that high-risk patients should receive active treatment. Time to 

curative treatment (surgery, radiotherapy, brachytherapy) is explored in the year 

following diagnosis, before and after feedback begins. Individual patient data from the 

PCOR-Vic identified time to curative treatment, managing clinician, patient and 

hospital characteristics. Cox-regression survival analyses were performed on time to 

curative treatment and the effect of feedback. Once patient and hospital characteristics 

and clinician fixed effects are accounted for, feedback to clinicians was associated 

with a statistically significant lower likelihood of receiving treatment within the first year 

following diagnosis for low and intermediate-risk men. There was also a small 

reduction in treatment for high-risk men, but this was not significant. These results 

suggest there is some evidence that feedback reinforced recommendations to reduce 

treatment in low-risk men. The analysis did not find evidence that feedback reduced 

time to curative treatment for high-risk men. Potentially, treatment in high-risk men 

was already at capacity (e.g., treatment rates for high-risk were already optimal). 

Alternatively, in the last ten years, international guidelines have supported 

recommendations to reduce overtreatment in low-risk men, rather than the treatment 

decision for high-risk men.  
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The analysis did not investigate the effect of a time since diagnosis greater than one 

year. Advice for not treating low-risk men extends beyond one year, but identifying the 

managing clinician becomes more complex as time continues. Also, the identity of 

each patient’s surveillance clinician is not well-documented in the registry. For men 

without a recorded managing clinician, the diagnosing clinician was assumed to be the 

managing clinician. This disproportionately affected patients receiving surveillance. 

This analysis also looked at a process measure of quality (decision to treat) and 

therefore, did not explore how feedback may affect clinical outcomes or patient 

experience. 

Chapter 4 explored the effect of peer comparative feedback on surgical and patient 

outcomes for men undergoing radical prostatectomy, using individual patient data from 

the PCOR-Vic. The outcomes of interest were positive surgical margins (a well-

documented measure of surgical quality associated with patient prognosis) and 

reporting of sexual bother (as reported at the patient’s 1-year follow up). Linear 

regressions at the patient level controlled for patient and hospital characteristics and 

estimated the average effect of feedback for each clinician. Trends in PSM and sexual 

bother rates were compared across clinicians before and after they received feedback. 

There was no evidence of an average effect of feedback across all clinicians for PSM 

or sexual bother rates, but some evidence of a negative relationship between changes 

in the two (a decrease in sexual bother was associated with an increase in PSM), at 

the urologist level. There was some evidence that this may be partly due to the initial 

rates of each outcome; urologists were more likely to improve the outcome with worse 

performance prior to feedback. The mechanism for the negative relationship was not 

entirely clear but may be driven by additional treatment or changes in the 

aggressiveness of the surgery. Sexual bother reporting can also be affected by patient 

expectations. Therefore, improvements in sexual bother may result from urologists 

improving how they prepare patients prior to surgery rather than a change to the 

surgery itself. Sexual bother status was reported for less than half of included patients. 

However, there was little evidence of a deliberate or systematic lack of reporting by 

the clinicians. PSM and patient reported sexual bother status are recorded only in the 

short-term following surgery, and therefore, feedback has not been shown to affect 

long-term patient outcomes. As RARP became more commonly used in Victoria over 
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the last 10 years, this analysis controlled for surgery type. However, it did not capture 

how experience with surgery type may affect patient and surgery outcomes. 

Chapter 5 considered how experience with RARP may improve surgical outcomes 

(reduce PSM), management outcomes (reduce additional treatment), and patient-

reported outcomes (increase SF-12 summary scores). Several studies have 

compared surgeons who perform RARP to those who perform ORP, but few have 

considered the impact on the healthcare system when surgeons perform both. 

Experience with RARP is explored through average annual numbers of RARP, and 

the total number of RARP recorded on the registry; the comparison group was ORP 

that occurred prior to the first recorded RARP for each surgeon. IPW adjusted for 

patient and hospital characteristics that might affect surgery selection and outcomes. 

There is some evidence that PSM rates reduce and SF-12 mental summary scores 

increase for surgeons with experience of RARP compared to ORP prior to RARP, with 

PSM decreasing significantly for surgeons with higher annual throughput, and a 

greater number of total RARPs. There was a non-significant reduction in additional 

treatment and SF-12 physical summary scores when surgeons experienced RARP. 

These results support previous research that suggests a lead-in time for RARP 

experience, and recommendations that RARP is more likely to be cost-effective when 

throughput is higher. However, this analysis also highlighted that few surgeons have 

yet conducted high numbers of RARP (e.g. >50 patients). There is also the possibility 

that some of the effect is related to time, as ORPs tend to happen earlier in the data 

collection period and RARPs later. However, the comparison of ORPs before and after 

the commencement of RARPs showed similar outcomes after matching. This analysis 

also highlighted that surgery choice is not equal across patients: most RARPs were 

received in private institutions (particularly for higher throughput surgeons who are 

likely to have better outcomes) and metropolitan locations.  

Across analyses, hospital characteristics were associated with different outcomes: 

patients managed in regional hospitals were less likely to receive treatment in the year 

following diagnosis (particularly if they were low-risk) or received RARP over ORP. 

These patients were also more likely to have surgeries that resulted in a PSM and 

were more likely to report sexual bother. Similarly, patients managed in public 

hospitals were associated with lower treatment rates in the year following diagnosis; 
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were less likely to receive RARP than ORP; were more likely to have surgeries that 

resulted in a PSM (particularly if receiving RARP) and reported higher rates of sexual 

bother. While not the focus of this thesis, further research could consider the 

acceptability of this variation in care according to hospital characteristics. 

The results of this thesis correspond with existing literature in other clinical areas such 

that there is more evidence of interventions for changing process measures of quality 

of care (e.g., test and treatment rates) than outcome measures (e.g. efficiency of PSA 

testing, surgical and patient outcomes) (Hohn, 2012; Hoque et al., 2017; Modi et al., 

2018; Sohn et al., 2016; The Australian Commission on Safety and Quality in Health 

Care, 2016), even though improvements in outcome measures are more likely to be 

preferred by patients and clinicians (Pross et al., 2017). The thesis also highlighted 

that outcome measures are also not as well-reported as process measures. One 

improvement for the registry could be to increase collection of data relevant to patients 

(e.g., short term care outcomes such a hospital stay and longer-term outcomes such 

as ongoing sexual bother or quality of life detriment).  

There is also some evidence that clinicians may require more guidance in their 

behaviour changes. Efficiency of PSA testing has not greatly improved in any state 

following guidelines to reduce testing, suggesting more could be done to guide the 

identification of patients who should receive asymptomatic PSA testing. In terms of 

feedback, there was potential for indicators to affect populations other than their target: 

the reduction in curative treatment for intermediate-risk patients following feedback 

may indicate an application of low-risk guidelines to intermediate-risk patients; and for 

surgical outcomes such as PSM and patient reported sexual bother, surgeons 

appeared to improve the outcome they performed worse in prior to feedback to the 

detriment of the other outcome. Clinicians may therefore need shorter or interactive 

summary feedback, where they can compare their performance in multiple quality 

indicators at the same time. It may also be beneficial involve patients in the feedback 

development, such that important outcomes to patients and clinicians can be 

highlighted, perhaps through a change in the order of feedback reports. One other 

potential area for improvement is the introduction of benchmarks. In this thesis, 

clinicians received feedback which only compared then to the average of their peers 

for each quality indicator. The provides little incentive for improvement for above 
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average clinicians and has the potential for worsening quality indicators if the average 

decreases with successive feedback reports. 

The thesis also presented an opportunity to compare the effect of structural quality 

measures (e.g. RARP experience) on patient and surgical outcomes. It highlighted 

that data on both structure and outcome measures are not well-documented within the 

registry (e.g. surgeon skill level and potential RARP benefits such as length of 

hospitalisation are not reported). Additional registry data would need to be collected 

to allow for exploration of other structural quality measures, e.g. use of MRI or 

hormone therapies in localised prostate cancer care. The uptake of a new technology 

(RARP) has occurred in spite of little evidence of long-term benefits to patients. This 

suggests that either more patient-relevant measures should be collected to 

understand the perceived benefit of RARP to patients, or the current measures of 

surgical quality should be made available to patients to help inform their choice of 

surgeon and surgery type. 

One of the advantages of this thesis is the use of large datasets that represent clinical 

practice. In healthcare where variation in care occurs, a large dataset is likely more 

representative of all patients with the disease and is robust to statistical approaches 

to control for unwanted variation. The PCOR-Vic provides individual patient data on a 

range of patient demographics, treatments and outcome data, and identifiers for 

clinicians and hospitals. Hospital and clinician data, including the date they first 

received individualised peer comparative feedback, were also available. However, 

there are limitations to the datasets, including unobserved characteristics and missing 

data. In particular, patients on PCOR-Vic were not followed beyond two years after 

treatment and outcomes such as biological recurrence, long term quality of life 

changes and survival were not routinely collected. There were also limitations on the 

data collected at diagnosis. Sexual, urinary and bowel bother were not recorded at 

diagnosis, and therefore analyses were not adjusted for each patient's baseline levels. 

In PCOR-Vic data, patient-reported outcomes were not collected for all men, which 

may result from patients choosing not to answer or the registry failing to collect the 

data. No evidence was identified that this was occurring systematically. For clinicians, 

specialism was not reported, and often a clinician ID was not reported for men 
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undergoing surveillance. Clinician details would help identify further what 

characteristics may be associated with clinicians changing behaviours.  

Cancer registries provide a less costly alternative to randomised control trials that can 

collect data regarding health care interventions that also capture clinical practice. 

Randomised control trials remain the gold standard for testing health care 

interventions. This thesis demonstrated one way of testing for changes in provider 

care through data collected by pre-established registries. The thesis attempted to get 

closer to showing a causal relationship between interventions, changes in provider 

behaviour, and clinical and patient outcomes by applying statistical methods that 

adjusted for confounding variables. Using non-randomised data to ascertain causality 

can be quite data-intensive, and there are limitations to the datasets used in the 

analyses. Some of this could be addressed through additional data collection or 

conducting randomised experiments within the registry. However, the cost of these 

measures should be weighed against the additional information they could provide. 

Overall, the thesis finds that there is some evidence that quality of care can be 

improved through changes to provider behaviour, particularly in terms of processes of 

care. However, there is less evidence that changes to provider behaviour result in 

improved patient outcomes, particularly if ways to improve these behaviours are less 

clear. Potential policy implications/areas for further research that may help the 

effectiveness of interventions to change provider behaviour and improve quality of 

care in prostate cancer have been identified: 

• There is potential for improving the efficiency of PSA testing in asymptomatic men. 

Guidelines have so far brought the number of tests down, but not restricted testing 

to men with prostate cancer, and therefore there is potential that an increasing 

number of cases missed. Guidelines should consider how best to guide men to 

PSA testing, and further research may need to be done to identify risk factors in 

men. 

• There is potential for improving peer comparative feedback in several ways. There 

may be scope for providing clinicians with more directions, to help navigate 

responding to multiple elements of feedback or encourage improvement in 



 

131 

outcomes for all patients, including those of clinicians who are already high-

performing. 

• There is also potential to direct appropriate technology uptake. While there has 

been an increase in robotic surgery uptake, one potential suggestion is that 

consideration of the training needs of surgeons may be required to gain the full 

benefits of the technology, and lower volume surgeons may be expected to have 

longer learning curves. 
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7. Appendices 

7.1. Chapter 2 Timeline of events in prostate cancer diagnosis 

Table 14 Timeline of possible modifier to prostate cancer diagnosis 

Year Possible modifiers of prostate cancer diagnosis 

1998 PSA tests available on Medicare (66656, 66659) 

SA-PCCOC established 
 

2001 PSA test item 66655 introduced (diagnosis only, 1 per man per year) 

5th Guidelines for preventive activities in general practice released 
 

2002 PSA test 66656 description updated for prostate cancer follow up (including follow up for 
66655) 

Localised prostate cancer Australia guidelines released (NHMRC) 
 

2005 6th edition Guidelines for preventive activities in general practice released 
 

 

2008 PCOR-Vic established (Aug 2008) 

NICE guidelines for diagnosis and treatment of prostate cancer 

US Preventative Services Task Force publishes updated prostate cancer guidelines 

2009 PSA test introduced on Medicare (66660) for follow up high previous PSA test (max 
4/year) 

PSA test 66659 updated for follow up of high PSA test (maximum 1 every year) 

7th edition Guidelines for preventive activities in general practice released 

2010 Australia Government Cancer Screening statement on prostate cancer surveillance in 
asymptomatic men 
 

 

2012 8th edition Guidelines for preventive activities in general practice released 

US Preventative Services Task Force publishes updated prostate cancer guidelines 
(May 2012) 

European Association of Urology publishes prostate cancer guidelines 

2013 PCOR-ANZ officially established 

Technical report of PSA testing in asymptomatic men (NHMRC) [guidelines released 
2014] 

Cochrane review of prostate cancer screening 
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Year Possible modifiers of prostate cancer diagnosis 

2014 PCOR-QLD established 

Digital/online system for data entry to registry introduced 

NHMRC PSA Testing for Prostate Cancer in Asymptomatic Men Information for Health 
Practitioners 

2016 PCOR-NSW begins 

PSA testing guidelines announced by Cancer Council Australia 

9th edition Guidelines for preventive activities in general practice released 

Sources: ("Medicare Benefits Schedule Online," 2020; National Health and Medical Research 
Council, 2014; National Institute for Health and Care Excellence, 2019; Prostate Cancer Foundation 
of Australia and Cancer Council Australia PSA Testing Guidelines Expert Advisory Panel, 2015; SA-
PCCOC, 2020; US Preventative Services Task Force, 2008, 2012) 
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7.2. Chapter 2 Interrupted time series analyses with additional 

time cut-offs 

Figure 20 ITSA prostate cancer cases detected per 100,000 men, time trends 

between multiple guidelines 
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Figure 21 ITSA PSA testing per 100,000 men, time trends between multiple 

guidelines 
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Figure 22 ITSA prostate cancer cases detected per 10,000 PSA tests, trends 

between multiple guidelines 
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7.3. Chapter 2 Interrupted time series analyses for men under 45 

years old 

Figure 23 Interrupted times series analyses for men under 45 years old 
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Table 15. Full results for men <45 years old 

Analysis: VIC 
versus states with 
no registry (NSW, 
QLD, WA) 

Measure of interest  Point estimate [95% CI] 

Prostate cancer 
detected per 
100,000 men 

Pre-2009 trend: NSW, QLD, WA 0.17*** [0.11, 0.22] 

Pre-2009 trend: VIC 0.08*** [0.03, 0.14] 

Difference in trends pre-2009: VIC vs NSW, 
QLD, WA 

-0.08** [-0.16, -0.002] 

Post-2009 trend: NSW, QLD, WA -0.10* [-0.21, 0.007] 

Post-2009 trend: VIC 0.04 [-0.03, 11.01] 

Difference in trends post-2009 VIC vs NSW, 
QLD, WA 

0.14** [0.01, 0.27] 

Difference in trends pre and post-2009: 
NSW, QLD, WA 

-0.27*** [-0.39, -0.15] 

Difference in trends pre and post-2009: VIC -0.05 [--0.14, 0.04] 

Difference between VIC and NSW, QLD, WA 
trends pre- and post- 2009 

0.22*** [0.07, 0.37] 

   

PSA tests per 
100,000 men 

Pre-2009 trend: NSW, QLD, WA 119.2*** [84.9, 153.4] 

Pre-2009 trend: VIC 162.1*** [91.0, 233.1] 

Difference in trends pre-2009: VIC vs NSW, 
QLD, WA 

42.9 [-36.0, 121.8] 

Post-2009 trend: NSW, QLD, WA -81.7*** [-101.8, -61.6] 

Post-2009 trend: VIC -111.2*** [-150.4, -71.9] 

Difference in trends post-2009 VIC vs NSW, 
QLD, WA 

-29.5 [-73.6, 14.6] 

Difference in trends pre and post-2009: 
NSW, QLD, WA 

-200.9*** [-244.3, -157.5] 

Difference in trends pre and post-2009: VIC -273.2*** [-375.7, -170.7] 

Difference between VIC and NSW, QLD, WA 
trends pre- and post- 2009 

-72.3 [-184.7, 39.0] 
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Analysis: VIC 
versus states with 
no registry (NSW, 
QLD, WA) 

Measure of interest  Point estimate [95% CI] 

Prostate cancer 
cases detected per 
10,000 PSA tests 

Pre-2009 trend: NSW, QLD, WA 0.74** [0.16, 1.32] 

Pre-2009 trend: VIC -0.18 [-1.16, 0.79] 

Difference in trends pre-2009: VIC vs NSW, 
QLD, WA 

-0.92 [-2.05, 0.21] 

Post-2009 trend: NSW, QLD, WA 0.16 [-1.19, 1.50] 

Post-2009 trend: VIC 2.86*** [1.94, 3.78] 

Difference in trends post-2009 VIC vs NSW, 
QLD, WA 

2.71*** [1.08, 4.34] 

Difference in trends pre and post-2009: 
NSW, QLD, WA 

-0.581 [-2.05, 0.89] 

Difference in trends pre and post-2009: VIC 3.05*** [1.71, 4.39] 

Difference between VIC and NSW, QLD, WA 
trends pre- and post- 2009 

3.63*** [1.64, 5.62] 

Notes: *p<0.10, **p<0.05, ***p<0.01 

 

 

7.4. Chapter 3 Patient characteristics by risk status 

Table 16 Low-risk patient characteristics by management strategy 

Factor Non-curative 
management 
(surveillance, 
ADT, chemo) 

Curative 
management 
(prostatectomy, 
radiotherapy, 
brachytherapy) 

p-
value 

Test 

N 1871 1152   

Feedback in 1st year following 
diagnosis 

  <0.00
1 

Pearson’s 
chi-
squared 

No feedback  564 (30.1%) 617 (53.6%)   

Feedback 1307 (69.9%) 535 (46.4%)   
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Factor Non-curative 
management 
(surveillance, 
ADT, chemo) 

Curative 
management 
(prostatectomy, 
radiotherapy, 
brachytherapy) 

p-
value 

Test 

Age (years)   <0.00
1 

Pearson’s 
chi-
squared 

<55 255 (13.6%) 289 (25.1%)   

55-74 1479 (79.0%) 861 (74.7%)   

75+ 137 (7.3%) 2 (0.2%)   

     

     

PSA level at diagnosis, median 
(IQR) 

5.0 (3.4, 6.5) 5.0 (3.8, 6.3) 0.098 Wilcoxon’
s rank 
sum 

     

Clinical T stage   <0.00
1 

Pearson’s 
chi-
squared 

T1 1330 (71.1%) 760 (66.0%)   

T2 133 (7.1%) 189 (16.4%)   

Unknown 408 (21.8%) 203 (17.6%)   

     

SEIFA decile   <0.00
1 

Pearson’s 
chi-
squared 

Lowest 20% 187 (10.0%) 115 (10.0%)   

Lowest 21-40% 197 (10.5%) 145 (12.6%)   

Lowest 41-60% 195 (10.4%) 163 (14.1%)   

Highest 61-80% 394 (21.1%) 290 (25.2%)   

Highest 81-100% 894 (47.8%) 437 (37.9%)   

Unknown 4 (0.2%) 2 (0.2%)   

     

Managing hospital location   0.069 Pearson’s 
chi-
squared 

Metro 1426 (76.2%) 1006 (87.3%)   

Regional 165 (8.8%) 145 (12.6%)   

Unknown 280 (15.0%) 1 (0.1%)   
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Factor Non-curative 
management 
(surveillance, 
ADT, chemo) 

Curative 
management 
(prostatectomy, 
radiotherapy, 
brachytherapy) 

p-
value 

Test 

Managing hospital   0.033 Pearson’s 
chi-
squared 

Public 295 (15.8%) 216 (18.8%)   

Private 1576 (84.2%) 935 (81.2%)   

Unknown 0 (0.0%) 1 (0.1%)   

     

Diagnosis date (years since 1st 
December 2012), median (IQR) 

1.0 (-1.0, 3.1) -0.3 (-1.5, 1.8) <0.00
1 

Wilcoxon’
s rank 
sum 

Notes: SEIFA data extracted on 06 Jun 2018 03:30 UTC (GMT) from ABS.Stat © Commonwealth of 
Australia 
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Table 17 Intermediate-risk patient characteristics by management strategy 

Factor Non-curative 
management 
(surveillance, 
ADT, chemo) 

Curative 
management 
(prostatectomy, 
radiotherapy, 
brachytherapy) 

p-value Test 

N 1028 4964   

     

Feedback in 1st year following 
diagnosis 

  <0.001 Pearson’s 
chi-
squared 

No feedback  303 (29.5%) 1767 (35.6%)   

Feedback 725 (70.5%) 3197 (64.4%)   

     

Age (years)   <0.001 Pearson’s 
chi-
squared 

<55 65 (6.3%) 628 (12.7%)   

55-74 668 (65.0%) 4205 (84.7%)   

75+ 295 (28.7%) 131 (2.6%)   

     

PSA level at diagnosis, median 
(IQR) 

7.8 (4.9, 11.4) 6.1 (4.7, 8.3) <0.001 Wilcoxon’
s rank 
sum 

     

Gleason score   <0.001 Pearson’s 
chi-
squared 

<7 320 (31.1%) 272 (5.5%)   

7 704 (68.5%) 4688 (94.4%)   

 4 (0.4%) 4 (0.1%)   

     

Clinical T stage   <0.001 Pearson’s 
chi-
squared 

T1 558 (54.3%) 2184 (44.0%)   

T2 235 (22.9%) 1638 (33.0%)   

Unknown 235 (22.9%) 1142 (23.0%)   
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Factor Non-curative 
management 
(surveillance, 
ADT, chemo) 

Curative 
management 
(prostatectomy, 
radiotherapy, 
brachytherapy) 

p-value Test 

SEIFA decile   <0.001 Pearson’s 
chi-
squared 

Lowest 20% 120 (11.7%) 539 (10.9%)   

Lowest 21-40% 125 (12.2%) 569 (11.5%)   

Lowest 41-60% 105 (10.2%) 686 (13.8%)   

Highest 61-80% 191 (18.6%) 1106 (22.3%)   

Highest 81-100% 484 (47.1%) 2046 (41.2%)   

Unknown 3 (0.3%) 18 (0.4%)   

     

Managing hospital location   <0.001 Pearson’s 
chi-
squared 

Metro 776 (75.5%) 4493 (90.5%)   

Regional 148 (14.4%) 471 (9.5%)   

Unknown 104 (10.1%) 0 (0.0%)   

     

Managing hospital   <0.001 Pearson’s 
chi-
squared 

Public 250 (24.3%) 976 (19.7%)   

Private 777 (75.6%) 3982 (80.2%)   

Unknown 1 (0.1%) 6 (0.1%)   

     

Diagnosis date (years since 1st 
December 2012), median (IQR) 

1.0 (-0.8, 3.0) 1.4 (-0.7, 3.4) <0.001 Wilcoxon’
s rank 
sum 
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Table 18 High-risk patient characteristics by management strategy 

Factor Non-curative 
management 
(surveillance, 
ADT, chemo) 

Curative 
management 
(prostatectomy, 
radiotherapy, 
brachytherapy) 

p-value Test 

N 455 1655   

     

Feedback in the year following 
diagnosis 

  0.33 Pearson’s 
chi-
squared 

No feedback 173 (38.0%) 588 (35.5%)   

Feedback 282 (62.0%) 1067 (64.5%)   

     

Age (years)   <0.001 Pearson’s 
chi-
squared 

<55 7 (1.5%) 110 (6.6%)   

55-74 112 (24.6%) 1443 (87.2%)   

75+ 336 (73.8%) 102 (6.2%)   

     

PSA Level at diagnosis (ng/mL), 
median (IQR) 

23.9 (12.3, 44.2) 8.3 (5.8, 13.8) <0.001 Wilcoxon’
s rank 
sum 

     

Gleason stage   <0.001 Pearson’s 
chi-
squared 

<8 151 (33.2%) 309 (18.7%)   

8+ 292 (64.2%) 1341 (81.0%)   

Unknown 12 (2.6%) 5 (0.3%)   

     

cT stage   0.005 Pearson’s 
chi-
squared 

T1 or T2 226 (49.7%) 1028 (62.1%)   

T3 or T4 102 (22.4%) 319 (19.3%)   

Unknown 127 (27.9%) 308 (18.6%)   
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Factor Non-curative 
management 
(surveillance, 
ADT, chemo) 

Curative 
management 
(prostatectomy, 
radiotherapy, 
brachytherapy) 

p-value Test 

SEIFA decile   0.12 Pearson’s 
chi-
squared 

Lowest 20% 61 (13.4%) 215 (13.0%)   

Lowest 21-40% 59 (13.0%) 194 (11.7%)   

Lowest 41-60% 41 (9.0%) 228 (13.8%)   

Highest 61-80% 95 (20.9%) 345 (20.8%)   

Highest 81-100% 197 (43.3%) 659 (39.8%)   

Unknown 2 (0.4%) 14 (0.8%)   

     

Managing hospital location   0.018 Pearson’s 
chi-
squared 

Metropolitan 343 (75.4%) 1456 (88.0%)   

Regional 67 (14.7%) 198 (12.0%)   

Unknown 45 (9.9%) 1 (0.1%)   

     

Managing hospital   <0.001 Pearson’s 
chi-
squared 

Public 139 (30.5%) 378 (22.8%)   

Private 316 (69.5%) 1275 (77.0%)   

Unknown 0 (0.0%) 2 (0.1%)   

     

Diagnosis date (years since 1st 
December 2012), median (IQR) 

0.2 (-1.6, 2.4) 1.3 (-0.8, 3.0) <0.001 Wilcoxon’
s rank 
sum 

 

 

 

 



 

146 

7.5. Chapter 3 Proportional hazard testing base model 

Results here are presented for the intermediate-risk model, before PH testing 

Table 19 Cox-regression on time to curative treatment for intermediate risk 

patients, before proportional hazard testing 

Variable HR SE p-value Lower 
95%CI 

Upper 
95% CI 

      

Clinician received feedback 0.47 0.027 0.000 0.42 0.53 

Annual time trend 1.12 0.014 0.000 1.10 1.15 
      

Age group (base <55) 

     

55-74 0.86 0.043 0.002 0.78 0.95 

75+ 0.17 0.020 0.000 0.13 0.21 
      

PSA level at diagnosis (Ng/mL) 1.01 0.005 0.291 1.00 1.01 

Clinical staging at diagnosis at least T2 
(versus cT1) 

1.36 0.047 0.000 1.27 1.46 

Gleason score at diagnosis at least 7 (vs 
Gleason score <7) 

3.51 0.243 0.000 3.06 4.02 

      

SEIFA decile 
(versus lowest 
20%) 

    

Lowest 21-40% 1.05 0.074 0.532 0.91 1.20 

Lowest 41-60% 1.17 0.081 0.024 1.02 1.34 

Highest 61-80% 1.07 0.068 0.321 0.94 1.21 

Highest 81-100% 0.98 0.059 0.707 0.87 1.10 

Unknown 1.18 0.313 0.529 0.70 1.98 

Treating hospital 

     

Regional (vs metropolitan) 0.85 0.133 0.285 0.62 1.15 

Private (vs public)  1.93 0.095 0.000 1.75 2.13 

 

Proportional hazard assumption testing using the Schoenfeld residuals (identifies 

some variables for which the assumption does not hold: highest age group, private 
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hospitals and several individual clinician effects (not reported for brevity). The model 

stratified by these variables rather than including as covariates. 

Table 20 Proportional hazard testing for non-stratified model 

Variable rho chi2 df P>chi2 

No feedback . . 1 . 

Feedback -0.0081 0.24 1 0.621 

Annual time trend 0.02357 2.03 1 0.154 

Age group (vs <55) . . 1 . 

55-74 -0.00361 0.05 1 0.8213 

75+ -0.09558 36 1 <0.001 

Diagnostic PSA level -0.00371 0.05 1 0.8234 

Clinical T stage (vs <cT2) . . 1 . 

cT2 0.00756 0.22 1 0.6387 

Gleason score (vs score <7) . . 1 . 

Score=7 -0.03033 3.63 1 0.0568 

SEIFA decile (vs lowest 20%) . . 1 . 

Lowest 21-40% -0.00947 0.35 1 0.5545 

Lowest 41-60% 0.00059 0 1 0.9704 

Highest 61-80% -0.01115 0.49 1 0.4848 

Highest 81-100% -0.02301 2.08 1 0.1493 

Unknown -0.01352 0.7 1 0.4024 

Treating hospital . . 1 . 

Metropolitan (vs regional) -0.00229 0.02 1 0.884 

Private (vs public) -0.24169 214.76 1 <0.001 

 

 



 

148 

Figure 24 Log-log plot of stcox analysis of the effect of feedback on 

intermediate-risk patients 

 

Log-log plots are parallel across most of the period, parallel at the beginning, merging 

within the first month and remaining relatively parallel after this point. 

 



 

149 

Figure 25 Predicted vs observed Kaplan Meier estimates for intermediate-risk 

patients, by clinician feedback status 

 

The Kaplan-Meier and predicted survival plot were similar for the feedback and no 

feedback arms, suggesting the proportional hazard assumption was not violated for 

the feedback variable. 
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7.6. Chapter 4 Patient characteristics 

Figure 26 Patient inclusion criteria 

 

*Data cleaning information reported in Figure 7, p66 
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Table 21 Patient characteristics, by response to sexual bother question at follow 

up 

Characteristic Response to sexual bother 
question? 

 

 

Not reported Reported p-value (Pearson's chi-
squared) 

N 4802 3508 

 

Age group 

  

<0.001 

<55 521 (10.8%) 528 (15.1%) 

 

55-74 4081 (85.0%) 2910 (83.0%) 

 

75+ 200 (4.2%) 70 (2.0%) 

 

NCCN risk at surgery 

  

<0.001 

Low Risk 604 (12.6%) 637 (18.2%) 

 

Intermediate Risk 3139 (65.4%) 2143 (61.1%) 

 

High Risk 1059 (22.1%) 728 (20.8%) 

 

PSA level at surgery 

  

<0.001 

<=10.0 3808 (79.3%) 2912 (83.0%) 

 

10.01-20.0 735 (15.3%) 437 (12.5%) 

 

>20.0 189 (3.9%) 127 (3.6%) 

 

NR 70 (1.5%) 32 (0.9%) 

 

Surgery type 

  

<0.001 

Less invasive surgery 3408 (71.0%) 2021 (57.6%) 

 

Open surgery 1336 (27.8%) 1472 (42.0%) 

 

NR 58 (1.2%) 15 (0.4%) 

 

Surgery Year 

  

<0.001 

2009 64 (1.3%) 281 (8.0%) 

 

2010 130 (2.7%) 290 (8.3%) 

 

2011 226 (4.7%) 751 (21.4%) 

 

2012 288 (6.0%) 750 (21.4%) 

 

2013 317 (6.6%) 723 (20.6%) 

 

2014 371 (7.7%) 642 (18.3%) 

 

2015 1030 (21.4%) 58 (1.7%) 

 

2016 1056 (22.0%) 11 (0.3%) 

 

2017 1104 (23.0%) 1 (<1%) 

 

2018 216 (4.5%) 1 (<1%) 
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Characteristic Response to sexual bother 
question? 

 

 

Not reported Reported p-value (Pearson's chi-
squared) 

Surgical margins 

  

0.74 

No PSM 3479 (72.4%) 2551 (72.7%) 

 

PSM 1189 (24.8%) 887 (25.3%) 

 

NR 134 (2.8%) 70 (2.0%) 

 

Urologist level 
feedback 

  

<0.001 

No feedback 926 (19.3%) 2102 (59.9%) 

 

Feedback 3876 (80.7%) 1406 (40.1%) 
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7.7. Chapter 4 Relationship between PSM, additional treatment 

and sexual bother rates 

Table 22 Linear probability model for additional treatment, urologist and 

feedback included in fixed effects 

Variable 

N=7,284 (34 urologists) 

Change in 
probability 
of 
additional 
treatment 

SE. P-value  95% CI 
Low 

95% CI 
high 

Constant probability of additional 
treatment 

4.5% 3.8% 0.237 -3.0% 12.1% 

 

     

NCCN risk (vs low risk)      

Intermediate risk 5.1%*** 1.0% <0.001 3.1% 7.1% 

High risk 19.3%*** 1.2% <0.001 16.9% 21.6% 

      

Annual time trend (surgery date) -0.9%*** 0.3% 0.001 -1.4% -0.4% 
 

     

PSA level 0.03%*** 0.01% 0.001 0.01% 0.05% 
 

     

Age group (base 55-74)      

<55 0.7% 1.1% 0.543 -1.4% 2.7% 

75+ -6.6%*** 2.0% 0.001 -10.5% -2.7% 

      

Open surgery 4.9%*** 1.4% <0.001 2.2% 7.6% 

      

Hospital Characteristics      

Metropolitan (vs regional) 3.0% 4.1% 0.463 -5.0% 11.0% 

Private (vs public) -5.6%*** 1.1% <0.001 -7.8% -3.4% 

Notes: * p<0.10, **p<0.05, ***p<0.01. Urologist fixed effects interacted with feedback 

status. 
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Figure 27 Relationship between PSM and additional treatment, by urologist 

(adjusted to full sample) 
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Figure 28 Relationship between sexual bother and additional treatment, by 

urologist (adjusted to full sample) 
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Figure 29 Relationship between change in PSM and additional treatment, by 

urologist 

 

Increase 1% PSM= 0.35% increase additional treatment 
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Figure 30 Relationship between change in sexual bother and additional 

treatment, by urologist 

 

Notes: 1% increase in additional treatment results in 0.15% increase in sexual bother 
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Figure 31 Change in additional treatment compared to additional treatment rates 

pre-feedback 

 

Notes: For every 1% more likely to have add treat at baseline, 0.64% reduction in additional treatment 
following feedback. By examining where the linear fit crosses the x-axis, urologists with <27% of 
patients receiving additional treatment prior to feedback are estimated to increase their additional 
treatment rates following feedback. 
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7.8. Chapter 5 Patient inclusion criteria 

Figure 32 RARP and ORP patient inclusion criteria 

 

*Data cleaning information reported in Figure 7, p66. 
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7.9. Chapter 5 Patient characteristics by surgery type 

Table 23 Patient characteristics by surgery type and surgeon experience with 

RARP 

Factor ORP 
before 
RARP 

ORP 
after 
RARP 

RARP 
low vol 
1st 50 
pts 

RARP 
low vol 
>50 
pts 

RARP 
high 
vol 1st 
50 pts 

RARP 
high vol 
>50 pts 

p-
val
ue 

Test 

N 307 410 565 210 115 209 

  

Outcomes 

        

   No PSM 206 
(67.1%

) 

262 
(63.9%

) 

389 
(68.8%

) 

154 
(73.3%

) 

91 
(79.1%

) 

171 
(81.8%) 

<0.
001 

Pearson
's chi-
squared 

   PSM 87 
(28.3%

) 

141 
(34.4%

) 

169 
(29.9%

) 

54 
(25.7%

) 

24 
(20.9%

) 

38 
(18.2%) 

 

NR 14 
(4.6%) 

7 
(1.7%) 

7 
(1.2%) 

2 
(1.0%) 

0 
(0.0%) 

0 (0.0%)  

         

No additional 
management 

291 
(94.8%

) 

384 
(93.7%

) 

542 
(95.9%

) 

202 
(96.2%

) 

114 
(99.1%

) 

205 
(98.1%) 

0.0
48 

Pearson
's chi-
squared 

Additional 
management 

16 
(5.2%) 

26 
(6.3%) 

23 
(4.1%) 

8 
(3.8%) 

1 
(0.9%) 

4 (1.9%) 

 

       

 

SF-12 physical 
summary score, 
median (IQR) 

54.697 
(49.161

, 
56.723) 

53.532 
(45.728

, 
56.705) 

55.090 
(49.160

, 
56.705) 

49.000 
(42.231

, 
56.416) 

55.312 
(48.586

, 
57.203) 

56.148 
(52.622, 
57.761) 

0.0
25 

Kruskal-
Wallis 

SF-12 mental 
summary score, 
median (IQR) 

54.531 
(47.335

, 
59.429) 

54.800 
(49.314

, 
58.892) 

57.061 
(51.409

, 
59.530) 

57.740 
(46.466

, 
59.429) 

56.420 
(50.841

, 
58.154) 

57.061 
(51.833, 
59.429) 

0.4
0 

Kruskal-
Wallis 
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Factor ORP 
before 
RARP 

ORP 
after 
RARP 

RARP 
low vol 
1st 50 
pts 

RARP 
low vol 
>50 
pts 

RARP 
high 
vol 1st 
50 pts 

RARP 
high vol 
>50 pts 

p-
val
ue 

Test 

Patient 
characteristics 
prior to surgery 

        

Age group 
(years) 

      

0.0
88 

Pearson
's chi-
squared 

   <55 42 
(13.7%

) 

42 
(10.2%

) 

69 
(12.2%

) 

21 
(10.0%

) 

18 
(15.7%

) 

14 
(6.7%) 

 

   55-74 265 
(86.3%

) 

368 
(89.8%

) 

496 
(87.8%

) 

189 
(90.0%

) 

97 
(84.3%

) 

195 
(93.3%) 

  

SEIFA decile 

      

<0.
001 

Pearson
's chi-
squared 

   Lowest 40% 98 
(31.9%

) 

100 
(24.4%

) 

151 
(26.7%

) 

57 
(27.1%

) 

21 
(18.3%

) 

13 
(6.2%) 

 

   Lowest 41-60% 59 
(19.2%

) 

58 
(14.1%

) 

72 
(12.7%

) 

23 
(11.0%

) 

20 
(17.4%

) 

35 
(16.7%) 

 

   Highest 61-
100% 

150 
(48.9%

) 

252 
(61.5%

) 

342 
(60.5%

) 

130 
(61.9%

) 

74 
(64.3%

) 

161 
(77.0%) 

 

NCCN risk prior 
to surgery 

      

0.0
01 

Pearson
's chi-
squared 

   Intermediate 
Risk 

206 
(67.1%

) 

277 
(67.6%

) 

427 
(75.6%

) 

165 
(78.6%

) 

82 
(71.3%

) 

164 
(78.5%) 

 

   High Risk 101 
(32.9%

) 

133 
(32.4%

) 

138 
(24.4%

) 

45 
(21.4%

) 

33 
(28.7%

) 

45 
(21.5%) 

 

Hospital 
characteristics 

       

Location 

      

<0.
001 

Pearson
's chi-
squared 

   Metro 154 
(50.2%

) 

378 
(92.2%

) 

563 
(99.6%

) 

210 
(100.0

%) 

99 
(86.1%

) 

209 
(100.0%

) 

 

   Regional 153 
(49.8%

) 

32 
(7.8%) 

2 
(0.4%) 

0 
(0.0%) 

16 
(13.9%

) 

0 (0.0%) 

 

       

<0.
001 
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Factor ORP 
before 
RARP 

ORP 
after 
RARP 

RARP 
low vol 
1st 50 
pts 

RARP 
low vol 
>50 
pts 

RARP 
high 
vol 1st 
50 pts 

RARP 
high vol 
>50 pts 

p-
val
ue 

Test 

Public 102 
(33.2%

) 

195 
(47.6%

) 

63 
(11.2%

) 

32 
(15.2%

) 

0 
(0.0%) 

0 (0.0%) 

 

Pearson
's chi-
squared 

Private 205 
(66.8%

) 

215 
(52.4%

) 

502 
(88.8%

) 

178 
(84.8%

) 

115 
(100.0

%) 

209 
(100.0%

) 

 

         

Surgery year 

      

<0.
001 

Pearson
's chi-
squared 

   2008 3 
(1.0%) 

0 
(0.0%) 

0 
(0.0%) 

0 
(0.0%) 

0 
(0.0%) 

0 (0.0%) 

 

   2009 76 
(24.8%

) 

6 
(1.5%) 

2 
(0.4%) 

0 
(0.0%) 

0 
(0.0%) 

0 (0.0%) 

 

   2010 48 
(15.6%

) 

28 
(6.8%) 

9 
(1.6%) 

0 
(0.0%) 

2 
(1.7%) 

0 (0.0%) 

 

   2011 53 
(17.3%

) 

65 
(15.9%

) 

67 
(11.9%

) 

0 
(0.0%) 

54 
(47.0%

) 

0 (0.0%) 

 

   2012 33 
(10.7%

) 

70 
(17.1%

) 

93 
(16.5%

) 

0 
(0.0%) 

17 
(14.8%

) 

17 
(8.1%) 

 

   2013 25 
(8.1%) 

73 
(17.8%

) 

86 
(15.2%

) 

8 
(3.8%) 

23 
(20.0%

) 

24 
(11.5%) 

 

   2014 25 
(8.1%) 

48 
(11.7%

) 

138 
(24.4%

) 

10 
(4.8%) 

3 
(2.6%) 

55 
(26.3%) 

 

   2015 27 
(8.8%) 

47 
(11.5%

) 

108 
(19.1%

) 

78 
(37.1%

) 

0 
(0.0%) 

67 
(32.1%) 

 

   2016 17 
(5.5%) 

73 
(17.8%

) 

62 
(11.0%

) 

114 
(54.3%

) 

16 
(13.9%

) 

46 
(22.0%) 

  

 



 

163 

Table 24 Patient characteristics for surgeries conducted in metropolitan 

hospitals only 

Factor ORP 
before 
RARP 

ORP 
after 
RARP 

RARP 
low vol 
1st 50 
pts 

RARP 
low vol 
>50 pts 

RARP 
high 
vol 1st 
50 pts 

RARP 
high 
vol >50 
pts 

p-
val
ue 

Test 

N 154 378 563 210 99 209 

  

Outcomes 

        

   No PSM 88 
(57.1%) 

240 
(63.5%) 

389 
(69.1%) 

154 
(73.3%) 

81 
(81.8%) 

171 
(81.8%) 

<0.
001 

Pearso
n's chi-
square
d    PSM 56 

(36.4%) 
132 

(34.9%) 
167 

(29.7%) 
54 

(25.7%) 
18 

(18.2%) 
38 

(18.2%) 

 

NR 10 
(6.5%) 

6 
(1.6%) 

7 
(1.2%) 

2 
(1.0%) 

0 
(0.0%) 

0 
(0.0%) 

 

        

No additional 
management 

138 
(89.6%) 

353 
(93.4%) 

540 
(95.9%) 

202 
(96.2%) 

98 
(99.0%) 

205 
(98.1%) 

<0.
001 

Pearso
n's chi-
square
d Additional 

management 
16 

(10.4%) 
25 

(6.6%) 
23 

(4.1%) 
8 

(3.8%) 
1 

(1.0%) 
4 

(1.9%) 

 

        

SF-12 physical 
summary score, 
median (IQR) 

54.224 
(47.774, 
56.705) 

53.460 
(45.627, 
56.513) 

55.090 
(49.160, 
56.705) 

49.000 
(42.231, 
56.416) 

55.312 
(48.586, 
57.203) 

56.148 
(52.622, 
57.761) 

0.0
13 

Kruskal
-Wallis 

SF-12 mental 
summary score, 
median (IQR) 

53.083 
(43.771, 
57.890) 

54.964 
(49.440, 
59.036) 

57.061 
(51.409, 
59.530) 

57.740 
(46.466, 
59.429) 

56.420 
(50.841, 
58.154) 

57.061 
(51.833, 
59.429) 

0.0
24 

Kruskal
-Wallis 

Patient 
characteristics 
prior to 
surgery 

        

Age group 
(years) 

      

0.0
31 

Pearso
n's chi-
square
d    <55 25 

(16.2%) 
40 

(10.6%) 
69 

(12.3%) 
21 

(10.0%) 
17 

(17.2%) 
14 

(6.7%) 

 

   55-74 129 
(83.8%) 

338 
(89.4%) 

494 
(87.7%) 

189 
(90.0%) 

82 
(82.8%) 

195 
(93.3%) 
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Factor ORP 
before 
RARP 

ORP 
after 
RARP 

RARP 
low vol 
1st 50 
pts 

RARP 
low vol 
>50 pts 

RARP 
high 
vol 1st 
50 pts 

RARP 
high 
vol >50 
pts 

p-
val
ue 

Test 

SEIFA decile 

      

<0.
001 

Pearso
n's chi-
square
d    Lowest 40% 43 

(27.9%) 
79 

(20.9%) 
150 

(26.6%) 
57 

(27.1%) 
18 

(18.2%) 
13 

(6.2%) 

 

   Lowest 41-
60% 

26 
(16.9%) 

52 
(13.8%) 

72 
(12.8%) 

23 
(11.0%) 

14 
(14.1%) 

35 
(16.7%) 

 

   Highest 61-
100% 

85 
(55.2%) 

247 
(65.3%) 

341 
(60.6%) 

130 
(61.9%) 

67 
(67.7%) 

161 
(77.0%) 

 

NCCN risk prior 
to surgery 

      

0.0
17 

Pearso
n's chi-
square
d    Intermediate 

Risk 
107 

(69.5%) 
257 

(68.0%) 
425 

(75.5%) 
165 

(78.6%) 
72 

(72.7%) 
164 

(78.5%) 

 

   High Risk 47 
(30.5%) 

121 
(32.0%) 

138 
(24.5%) 

45 
(21.4%) 

27 
(27.3%) 

45 
(21.5%) 

 

Hospital 
characteristics 

      

<0.
001 

Pearso
n's chi-
square
d Public 75 

(48.7%) 
164 

(43.4%) 
63 

(11.2%) 
32 

(15.2%) 
0 

(0.0%) 
0 

(0.0%) 

 

Private 79 
(51.3%) 

214 
(56.6%) 

500 
(88.8%) 

178 
(84.8%) 

99 
(100.0

%) 

209 
(100.0

%) 

 

Surgery year 

      

<0.
001 

Pearso
n's chi-
square
d    2008 3 

(1.9%) 
0 

(0.0%) 
0 

(0.0%) 
0 

(0.0%) 
0 

(0.0%) 
0 

(0.0%) 

 

   2009 76 
(49.4%) 

6 
(1.6%) 

2 
(0.4%) 

0 
(0.0%) 

0 
(0.0%) 

0 
(0.0%) 

 

   2010 47 
(30.5%) 

28 
(7.4%) 

9 
(1.6%) 

0 
(0.0%) 

2 
(2.0%) 

0 
(0.0%) 

  

   2011 24 
(15.6%) 

62 
(16.4%) 

67 
(11.9%) 

0 
(0.0%) 

54 
(54.5%) 

0 
(0.0%) 

  

   2012 2 
(1.3%) 

67 
(17.7%) 

93 
(16.5%) 

0 
(0.0%) 

17 
(17.2%) 

17 
(8.1%) 

  

   2013 1 
(0.6%) 

67 
(17.7%) 

86 
(15.3%) 

8 
(3.8%) 

23 
(23.2%) 

24 
(11.5%) 

  

   2014 1 
(0.6%) 

44 
(11.6%) 

137 
(24.3%) 

10 
(4.8%) 

3 
(3.0%) 

55 
(26.3%) 

  

   2015 0 
(0.0%) 

44 
(11.6%) 

107 
(19.0%) 

78 
(37.1%) 

0 
(0.0%) 

67 
(32.1%) 

  

   2016 0 
(0.0%) 

60 
(15.9%) 

62 
(11.0%) 

114 
(54.3%) 

0 
(0.0%) 

46 
(22.0%) 
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7.10. Chapter 5 Full inverse probability weighted regression adjustment models for PSM 

Table 25 Full equations for treatment selection and outcome models for estimating the effect of RARP experience on the 

probability of PSM 

  Comparison 1 ORP 
after RARP vs ORP 
prior to RARP 

Comparison 2 RARP 
low vol, 1st 50 pts vs 
ORP prior to RARP 

Comparison 3 RARP 
low vol, >50 pts vs 
ORP prior to RARP 

Comparison 4 RARP 
high vol, 1st 50 pts vs 
ORP prior to RARP 

Comparison 5 RARP 
high vol, >50 pts vs 
ORP prior to RARP 

Model Variable Change 
in prob 
(%) 

SE (%) Change 
in prob 
(%) 

SE (%) Change 
in prob 
(%) 

SE (%) Change 
in prob 
(%) 

SE (%) Change 
in prob 
(%) 

SE (%) 

Control 
outcome 
model (ORP 
prior to 
RARP) 

High vs 
intermediat
e NCCN 
risk 

23.4 8.8 24.9 10.4 27.1 10.0 20.8 11.5 17.8 13.8 

SEIFA 
decile vs 
lowest 40% 

          

Lowest 41-
60% 

-4.8 12.6 -12.1 17.0 -10.7 16.3 -8.2 20.7 -20.9 20.7 

Highest 61-
100% 

-19.1 9.1 -25.9 12.3 -24.3 12.2 -29.6 12.9 -28.1 14.5 

Age group 
55-74 
years vs 
<55 years  

2.9 9.7 16.9 10.7 15.4 10.4 21.9 12.5 14.1 15.6 
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  Comparison 1 ORP 
after RARP vs ORP 
prior to RARP 

Comparison 2 RARP 
low vol, 1st 50 pts vs 
ORP prior to RARP 

Comparison 3 RARP 
low vol, >50 pts vs 
ORP prior to RARP 

Comparison 4 RARP 
high vol, 1st 50 pts vs 
ORP prior to RARP 

Comparison 5 RARP 
high vol, >50 pts vs 
ORP prior to RARP 

Model Variable Change 
in prob 
(%) 

SE (%) Change 
in prob 
(%) 

SE (%) Change 
in prob 
(%) 

SE (%) Change 
in prob 
(%) 

SE (%) Change 
in prob 
(%) 

SE (%) 

Private vs 
public 
hospital 

0.5 8.3 3.1 8.6 5.3 9.0 N/A N/A N/A N/A 

Constant 40.1 11.7 30.4 12.9 28.4 12.5 31.8 15.9 40.1 19.6 

Treated 
outcome 
model 
(RARP 
experience) 

High vs 
intermediat
e NCCN 
risk 

14.1 5.4 12.3 4.7 21.5 8.0 9.2 9.5 22.0 7.5 

SEIFA 
decile vs 
lowest 40% 

          

Lowest 41-
60% 

-17.5 8.9 -12.9 6.1 4.4 9.8 12.0 14.6 -3.1 11.8 

Highest 61-
100% 

-14.9 6.3 -1.3 4.7 11.1 7.0 1.3 10.4 3.5 11.1 

Age group 
55-74 
years vs 
<55 years  

6.2 7.8 9.2 5.3 -1.1 10.1 6.0 9.4 11.0 8.7 

Private vs 
public 
hospital 

-16.0 5.1 -7.0 6.5 -18.0 9.5 N/A N/A N/A N/A 

Constant 46.8 8.7 27.6 7.9 30.2 12.7 8.1 12.9 1.0 13.8 
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  Comparison 1 ORP 
after RARP vs ORP 
prior to RARP 

Comparison 2 RARP 
low vol, 1st 50 pts vs 
ORP prior to RARP 

Comparison 3 RARP 
low vol, >50 pts vs 
ORP prior to RARP 

Comparison 4 RARP 
high vol, 1st 50 pts vs 
ORP prior to RARP 

Comparison 5 RARP 
high vol, >50 pts vs 
ORP prior to RARP 

Model Variable Change 
in prob 
(%) 

SE (%) Change 
in prob 
(%) 

SE (%) Change 
in prob 
(%) 

SE (%) Change 
in prob 
(%) 

SE (%) Change 
in prob 
(%) 

SE (%) 

Surgery 
selection 
model  

High vs 
intermediat
e NCCN 
risk 

2.1 21.4 -22.3 22.4 -37.7 26.7 15.2 35.8 -29.2 32.8 

SEIFA 
decile vs 
lowest 40% 

          

Lowest 41-
60% 

6.3 31.2 -40.7 32.0 -70.7 40.0 23.3 57.8 160.1 54.5 

Highest 61-
100% 

39.8 24.1 -35.2 25.5 -54.3 31.6 -1.0 41.4 132.5 41.9 

Age group 
55-74 
years vs 
<55 years  

46.0 28.4 24.0 26.9 29.5 35.3 -51.0 47.7 70.1 47.4 

Private vs 
public 
hospital 

18.7 20.5 218.3 22.5 183.3 27.8 N/A N/A N/A N/A 

Constant 19.6 31.0 -10.4 31.7 -63.6 40.8 70.8 59.4 -69.6 59.1 
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