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Abstract 

 

Prostate cancer (PCa) incidence, internationally, has steadily increased since the 

latter half of the twentieth century as with the prevalence of other cancers. (Jemel et al, 

2008; Jemel et al, 2011) It is recognised that increased incidence of PCa is partially 

driven by widespread use of prostate specific antigen (PSA) testing as a screening 

mechanism. (Drummond et al, 2010; Etzioni et al, 2002) The PSA test, a blood test 

measuring protein in the prostate, was discovered by Dr. Robert Ablin in the 1970’s as a 

way of monitoring PSA levels post-treatment for purposes of preventing relapse; Dr. 

Albin now refers to the test as ‘a hugely expensive public health disaster.’ (Albin R, 

2010) He is not alone in this assertion as the use of PSA testing has sparked continued 

debate internationally; not only is it argued the PSA test has inadequate levels of cancer 

detection properties, but evidence highlighting a mortality benefit as a screening 

mechanism for PCa is limited and open to much debate. (Ilic et al, 2013) 

Between 1994 and 2005, the use of PSA testing in primary care in the Republic 

of Ireland (RoI) increased fivefold; with estimates up to 2012 suggesting a twelvefold 

increase since 1994. (Drummond et al, 2010; NCRI, 2014) The use of widespread PSA 

testing in the RoI has contributed to high, measured incidence of PCa and in 2006 and 

2008 the RoI had the highest measured incidence in Europe; in 2012 PCa incidence in 

the RoI was the 4
th

 highest across Europe and the 10
th

 highest globally. (Ferlay et al, 

2010; Jemal et al, 2011; WCRF, 2014) The impact of increased PCa detection both on 

resource utilisation and quality of life (QoL) are not fully understood in the RoI and 

internationally; similarly, the rationale behind the levels of testing in the RoI compared 

to the rest of Europe is unclear. The costs of PCa care however, are substantial with a 
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recent study estimating the economic burden of healthcare costs associated with PCa in 

the RoI at €51 million for 2009. (Luengo-Fernandez et al, 2013) Financial costs are only 

one piece of the puzzle, albeit the most explicit piece; the impact of over-diagnosis (the 

diagnosis of a condition or disease more often than it is present, or in the case of PCa 

when diagnosis has increased health risks compared to non-diagnosis) on QoL has not 

been assessed to date in the RoI and limited knowledge of this area is available 

internationally.  

Due to the multi-faceted dimension of the costs and consequences of using PSA 

testing (as opposed to not), a full economic analysis of PSA testing as a mechanism for 

the secondary prevention of PCa using population-based data, country-specific costs 

and utility weights was pivotal in the RoI. The collection of analyses presented in this 

thesis attempted to provide robust information on costs and outcomes of PSA testing for 

the detection of PCa in order to address a pressing public health issue in the RoI which 

currently has a limited evidence base. This research also investigated trends in PSA 

testing uptake in the RoI as well as extending recent PSA testing modelling efforts 

internationally by innovatively embedding patient-reported utilities into a complex 

modelling structure; this provided added-value to the international literature on 

modelling techniques for screening interventions in the area of PCa. The evidence 

presented throughout provides policy-makers both nationally and internationally with 

much needed guidance to support viable policy alternatives for the wide-spread use of 

PSA testing in primary care.  
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Chapter 1- Introduction 

 

1.1 Overview 

 

 Resource allocation in healthcare is under constraint in the Republic of 

Ireland (RoI) as elsewhere. (Ruane, 2010; Smith, 2010) Increases in incidence of 

prostate cancer (PCa) associated with wide-spread use of prostate specific antigen 

(PSA) testing in primary care has signalled a call for greater understanding from an 

economic perspective of the value of early PCa detection internationally. The case in 

the RoI is particularly challenging as PSA testing has increased twelvefold from 

1994 to 2012 and incidence of PCa has steadily increased accordingly. (NCRI, 2014) 

This thesis examined the cost-effectiveness of PSA testing for PCa detection and 

issues around this adopting a variety of techniques and perspectives. This chapter 

sets out the objectives and the structure of the thesis, the rationale for carrying out 

this research, the research setting and policy context as well as summarises academic 

activity and achievements throughout the Ph.D. process.  

 

1.1.1 Objectives 

 

 The aim of this thesis was to conduct an economic evaluation of the use of 

PSA testing for the secondary prevention of PCa and explore the issues relevant to 

fulfilling this aim. Secondary prevention refers to detection of cancer in earlier 

clinical stages when there are no signs or symptoms of cancer as opposed to primary 

prevention which is a detection process before cancerous cells are present i.e. 

cervical screening detects pre-cancerous cells. (Eddy, 1986; Spratt, 1981) 

Throughout the thesis PSA testing is sometimes referred to as ‘screening’ for PCa, 

consistent with reference to PSA testing across the literature. (Ilic et al, 2013) An 

elevated PSA result (discovered through a blood test) is the first indication that a 

male may have PCa. It is, however, acknowledged that levels of sensitivity (the 

ability of the test to identify correctly those who have the disease) and specificity 
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(the ability of the test to identify correctly those who do not have the disease) 

associated with PSA testing, call into question its usefulness as a method of 

screening compared to screens for Cervical Cancer and Colorectal Cancer. (Ilic et al, 

2013; Kanchanaraksa, 2008; Moore et al, 2009) The effectiveness of PSA testing is 

discussed in length in Chapter 3. Despite what might be seen as worrying levels of 

inaccuracy with PSA testing, it is used in most countries as the main approach for 

the detection of potential PCa because there is not an accepted superior mechanism 

in terms of predictive value to date. (Ilic et al, 2013; Moore et al, 2009) 

The economic evaluation presented in this thesis encompasses an 

investigation, adopting an extra-welfarist approach, into efficiency of use, efficacy 

of use, as well as issues related to equity, associated with PSA testing as a method of 

PCa detection. The research examined the impact of PSA testing on follow-on care 

and mortality as well as the trade-offs facing policy makers in terms of alternative 

outcomes. The primary objective was to provide a cost-effectiveness analysis (CEA) 

of PSA testing for the secondary prevention of PCa in the RoI; however in doing so 

it became necessary to evaluate the components of the analytic framework in a step-

wise fashion. This involved identifying the key components of conducting a CEA of 

a screening mechanism for PCa and understanding the drivers of these individual 

components; thus informing the structure of the analysis as well as providing further 

evidence in summarising policy responses.  

As the main components of a CEA of PSA testing for PCa (the primary 

objective) are (i) baseline and historical trends in PSA testing including documented 

effectiveness from RCTs, (ii) PCa incidence, mortality and survival trends, (iii) 

resource use and costs, (iv) clinical outcomes, (v) quality of life outcomes and (vi) 

treatment patterns, the secondary objectives included: 

1. Examining PCa incidence and its drivers;  

2. Analysing trends in PSA testing and the factors explaining variation in 

PSA testing uptake; 

3. Reviewing the international guidance on the efficacy and cost-

effectiveness of PSA testing; 



CHAPTER 1- INTRODUCTION 

3 
 

4. Evaluating PCa mortality trends and potential contributory factors 

therein;  

5. Estimating healthcare costs associated with PCa from detection to death; 

6. Assessing PCa clinical outcome data availability and its applicability to 

CEA modelling;  

7. Determining the range of treatments and levels of usage in current 

practice for PCa in the RoI; 

8. Estimating utility weights for the construction of quality-adjusted life 

years (QALYs) for the purpose of undertaking a cost-utility analysis 

(CUA); 

9. Assessing levels of over-diagnosis, overtreatment and mortality benefit 

associated with the introduction of a PSA-based screening programme in 

the RoI. 

 

The CEA (and CUA) of PSA testing, and the issues pertaining to this evaluation, 

have not been examined before in the RoI. The secondary objectives are intrinsically 

linked to understanding the full spectrum of current practice and resulting outcomes 

for PCa in the RoI; they also assist in examining the extent of available data. 

Therefore, the range of secondary objectives provide the necessary evidence 

informing the rationale for the choice of CEA modelling structure, thus providing the 

foundations for achieving the primary objective.  

 

1.1.2 Thesis Structure 

 

 The structure of the thesis is delivered in eight chapters under the following 

broad themes: 

 

 Chapter 1- Introduction 

 Chapter 2- The Economic Problem 

 Chapter 3- A Review of the Literature 

 Chapter 4- The Principal-Agent Relationship 

 Chapter 5- Factors Determining Prostate Cancer Survival 
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 Chapter 6- Evaluation of Prostate Cancer Costs of Care  

 Chapter 7- A Cost-Effectiveness Analysis 

 Chapter 8- Conclusion 

 

This chapter introduces the overall research project and presents the objectives, 

thesis structure, research rationale, research setting and policy context and also 

highlights academic contributions made throughout the Ph.D. process. The second 

chapter provides a brief overview of the economic problem in demand decisions for 

PSA testing in healthcare utilisation. A detailed account of how the markets fail to 

operate and the impact of these failures relative to demand for preventative 

healthcare are discussed. The literature reviewed in Chapter 2 facilitates a more in-

depth comprehension of how, from an economic perspective, the market operates for 

PSA testing. The third chapter presents an overview of the clinical and cost-

effectiveness literature including a review of international guidance for PSA testing 

as well as the latest developments in the two main international trials which are 

being used to inform policy: the European Randomised Study of Screening for 

Prostate Cancer (ERSPC); and the Prostate, Lung, Colorectal and Ovarian Cancer 

Study (PLCO). These trials aim to assess if a mortality benefit for universal 

screening using PSA testing exists. The latest update from a Cochrane Collaboration 

Systematic Review on screening for PCa is also summarised. (Ilic et al, 2013) 

Chapter 3 closes by presenting an overview of CEA’s of PSA testing undertaken in 

neighbouring jurisdictions as well as providing a synopsis of the rationale for using 

CEA in the evaluation of screening programmes for cancer in general. 

 

In order to deepen the understanding of PSA testing uptake from efficiency 

and equity perspectives, the fourth chapter employs nationally, representative, 

population-level data. Trends in uptake were examined among a range of factors 

including non-need factors such as geographical location, socio-economic status and 

access to healthcare. Chapter 4 was delivered in the form of two research papers: the 

first examined PSA testing uptake in the RoI; and the second assessed the wider 

European perspective encompassing both micro-level and macro-level data analysing 

within and between country variation in PSA testing trends. The chapter also sought 
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to understand in more depth the principal-agent relationship in the uptake of PSA 

testing.  

 

The focus of the fifth chapter was an examination of detection, treatment and 

survival in the Irish setting using population-level, patient data collected by the 

National Cancer Registry Ireland (NCRI). A series of survival analytic techniques 

were undertaken for men diagnosed with PCa in the RoI from 1998-2009. PCa 

diagnosis and survival patterns were examined as well as the policy implications of 

these in the RoI. This chapter also examined whether delivery of follow-on care 

(post-diagnosis) and ultimately PCa survival within the Irish setting was equitable in 

relation to socio-economic status, following on from the analyses presented in 

Chapter 4. The rationale behind undertaking this analysis was to assess if inequality 

in uptake of PSA testing had an impact on PCa survival and to assess whether the 

role of PHI, in particular, impacted on survival.  

 

The sixth chapter examines two of the main components of the decision 

model, namely treatment patterns and costs. A PCa patient pathway applicable to the 

Irish setting was constructed based on all available evidence. The NCRI data was 

analysed and treatment patterns were assessed. Healthcare costs were also estimated 

or sourced for each element of care along the PCa care pathway and thus the burden 

of cost from PCa was calculated. Chapter 6 also discussed cost implications within 

the context of the current economic climate in the RoI and whether the current 

burden of PCa costs are both efficient (i.e. are resources being allocated effectively) 

and comparable to European counterparts. The analysis presented in Chapter 6 was 

necessary for purposes of deriving parameters to be used in the CEA in Chapter 7. 

However, as the burden of cost had not previously been estimated for PCa in the 

RoI, using Irish resource use and cost parameters, this was also examined in order to 

widen the evidence base in relation to the resource use implications of PCa.  

  

The penultimate chapter of this thesis presents the CEA of PSA testing for 

the secondary prevention of PCa in the RoI, the primary objective of this thesis. 

Chapter 7 commences with an in-depth discussion on methodological considerations 

when constructing a CEA of screening and then examined the model structure and 
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assumptions, the model parameters, and statistical methods employed. The findings 

from the model, using extensive scenario analyses and employing probabilistic 

sensitivity analyses, were then presented. Consistent with Irish guidance on 

undertaking health technology assessment (HTA), the CEA & CUA adopted a 

healthcare payer perspective. (HIQA, 2014) Following on from this, policy 

implications of these findings, and the culmination of findings throughout the several 

pieces of empirical work, presented in this thesis are discussed in Chapter 8. Given 

the lack of consensus internationally on adoption of a universal screening 

programme for PCa and the importance of factoring in issues pertaining to ‘current 

practice’ in respect to resource utilisation in the RoI, a range of policy responses 

informed by the literature and the modelling conclusions were highlighted.  

  

1.2 Research Rationale 

 

 Since the 1980’s, for a variety of reasons, not least the ability to improve 

health outcomes and contain healthcare costs, greater priority has been given to 

preventative care than was the case in the past. (Hey et al, 1983) With dramatic 

increases in the latter half of the previous century in diseases such as Aids, Cancer 

and Heart Disease, the associated budget impact of treating these diseases prompted 

further investigation in health promotion and cost containment strategies. (McKenna 

et al, 2010; Thorpe, 2005) With shifts in age profiles due to both increased life 

expectancy and lower birth rates across the developed world, costs of care for 

diseases are set to steadily increase, placing huge financial pressures on healthcare 

systems; more generally health reforms include focusing on disease prevention and 

early detection and therefore, have become the main strategy in combating excessive 

and unmanageable healthcare costs. (Mensah et al, 2007; OECD, 2011) The cost 

burden associated with Cancer in Europe in 2009 was estimated at €126 billion 

annually. (Luengo-Fernandez et al, 2013) 

 PCa incidence has steadily increased since the latter half of the twentieth 

century, as is the case with other Cancers. (Jemel et al, 2008; Jemel et al, 2011) It is 

recognised that increased incidence of PCa is partially driven by widespread use of a 
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PSA test as a screening mechanism. (Burns et al, 2012a; Drummond et al, 2009; 

Etzioni et al, 2002) The PSA test was pioneered by Dr. Robert Ablin in the 1970’s as 

a way of monitoring PSA levels post-treatment for purposes of preventing relapse; 

Dr. Albin now refers to the test as ‘a hugely expensive public health disaster,’ as 

although older men may have a higher risk of developing PCa, the rate of 

histological progression for PCa is so slow in comparison to other cancers, that the 

risks associated with dying from PCa are minimal. (Albin, 2010) As Dr. Albin 

explains: 

Prostate cancer may get a lot of press, but consider the numbers: 

American men have a 16 percent lifetime chance of receiving a 

diagnosis of prostate cancer, but only a 3 percent chance of dying 

from it. That’s because the majority of prostate cancers grow 

slowly. In other words, men lucky enough to reach old age are 

much more likely to die with prostate cancer than to die of it. (ibid) 

 

Between 1994 and 2005, the use of PSA testing in primary care in the RoI 

increased fivefold; the latest figures produced by the NCRI suggest there has been a 

twelvefold increase since the mid 1990’s up to 2012. (Drummond et al, 2010; NCRI, 

2014) The use of widespread PSA testing in the RoI has resulted in high, measured 

incidence of PCa; from 2006-2008 the RoI had the highest PCa incidence in Europe 

and is currently the 4
th

 highest in Europe. (Ferlay et al, 2010; Jemal et al, 2011; 

WCRF, 2014)  Figure 1.1 and 1.2 highlight changes in PCa incidence across the 26 

counties in the RoI and underscore whether higher than expected regional incidence 

rates based on overall population prevalence were evidenced across time; counties 

deemed ‘significantly high’ levels of PCa had much higher observed PCa than was 

expected based on the male population of that county.  

Changes in the demographic spread of incidence are evident across both time 

periods. When examining geographical variation in PCa incidence using 

standardised incidence ratio’s (SIRs), counties that highlighted significantly low 

levels of incidence from 1994-2002, like County Kerry, County Mayo and County 

Cavan, exhibit either a median level or in the case of County Mayo, a significantly 

higher than average annual incidence level from 2003-2011. (NCRI, 2011) Given the 
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evidence that unregulated, widespread use of PSA testing drives measured incidence 

and testing increased significantly since 1994 in the RoI, counties which shifted from 

significantly high levels of incidence to significantly low levels suggest primary care 

practice variation or significant shifts in demographics as opposed to some form of 

disease-related variation, counties Wexford and Carlow being examples of this 

phenomenon. 

Figure 1.1 Geographical variation in PCa incidence (1994-2002) 

Source: National Cancer Registry Ireland, 2011 
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Figure 1.2 Geographical variation in PCa incidence (2003-2011) 

 

 

Source: National Cancer Registry Ireland, 2011 
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The impact of increased PCa detection both on resource utilisation and QoL 

is not fully understood given the lack of analysis undertaken to date in the RoI. The 

costs of PCa care however, are expected to be substantial with a recent European 

study estimating the economic burden of PCa in the RoI at €51 million for 2009 

when using expenditure data; the average adjusted cost per head of capita (adjusted 

for PPP for purposes of European comparison) was €7 for PCa and this was one of 

the lowest in the EU with the EU average adjusted cost estimated at €11 per person. 

(Luengo-Fernandez et al, 2013) Germany had the highest average adjusted cost per 

person at €20. (ibid) Costs are only one piece of the puzzle, albeit the most explicit 

piece; the impact of over-diagnosis on QoL has not been assessed to date in the RoI 

and limited knowledge of this area is available internationally. Given the multi-

faceted dimension of the costs and consequences of using PSA testing as opposed to 

not (there is no other accepted method presently that can be used for the detection of 

potential PCa), a full economic analysis of PSA testing as a mechanism for 

secondary prevention of PCa is necessary in the RoI. However, although improving 

efficiency of use for PSA testing is necessary, as the test is an inferior method of 

PCa screening (i.e. a clinical benefit of screening has yet to be evidenced 

internationally), individuals who believe themselves to benefit from the test and have 

the means to circumvent regulation may be diagnosed and therefore potentially 

benefit in the long run.  

Overall, the research sought to provide robust information on costs and 

outcomes for PCa in the RoI in order to inform a decision analytic framework that 

addresses a current public health issue which has a limited evidence base. 

Additionally, by extending recent PSA testing modelling efforts through innovative 

strategies for embedding patient-reported utility weights into a complex modelling 

structure, this research provides added-value to the national and international 

literature on modelling techniques for screening programmes in cancer.  
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1.3 Research Setting 

 

 The RoI currently has a mixed, public-private healthcare delivery and 

financing model. (HSE, 2014) All citizens are entitled to the standard level of care 

within the public system with some modest co-payments (including prescription 

charges and GP charges for those above a given level of income). (ibid) Costs of care 

in a tertiary setting are capped to ensure healthcare is accessible. (ibid) 

Approximately one third of the population are entitled to free healthcare services and 

medicines under the Health Service Executive (HSE) General Medical Services 

(GMS) scheme based on income and/or age criteria. (HSE, 2010) Approximately 

45% of the population currently hold private health insurance (PHI), with insurance 

plans which mainly cover a proportion of costs of inpatient stays and outpatient 

visits; PHI is perceived by many to provide speedier access to care. (Colombo et al, 

2004; Harmon et al, 2001; HSE, 2012)  “Irish health policy actively supports the 

private health sector, which benefits from a number of cross-subsidies, both direct 

and indirect, from public finances.” (Finn et al, 2007) There is also a cohort of the 

Irish population who do not hold PHI and are also not entitled to free care due to 

their earnings; these individuals pay out-of-pocket for primary care services and 

medications (subject to a maximum threshold) and pay a contribution to services in 

tertiary care. (ibid) There are 48 public hospitals in the RoI, including 8 designated 

cancer centres; however, cancer patients are also treated outside these cancer centres. 

(HSE, 2013)   

 PSA testing is carried out initially by the general practitioner (GP) or a 

practice nurse in the form of a blood test at a primary care facility. The National 

Cancer Control Programme (NCCP) has issued guidance on referring men with 

abnormal PSA results. (NCCP, 2011) Rapid Access Clinics (RAC’s) have been set 

up across the RoI in centres of excellence to address the backlog of at-risk men being 

referred in primary care for outpatient visits who remained on waiting lists; eight 

RAC’s are currently in operation in the RoI, four of which are based in Dublin. (ibid) 

The NCCP suggests testing of asymptomatic men between the ages of 50-70 years of 

age should the patient request a test but also guidance states, “patients should receive 

advice prior to PSA testing.” (ibid) In as much as this service might be characterised 
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as demand-led, there is no regulated or organised screening programme for PCa 

using PSA testing currently in the RoI. Universal screening programmes are in 

operation however for Breast Cancer, Cervical Cancer and Colorectal Cancer for at-

risk cohorts (with risk primarily based on age) of the population guided by national 

and international evidence. (NCSS, 2013)  

 

1.4 Policy Context- An Overview 

 

PCa is the most common cancer in men in developed countries. (Parkin et al, 

2005)  Over the last two decades, in many western countries incidence rates have 

been rising. (Quinn et al, 2002) Evidence suggests trends are mainly driven by 

extensive use, in primary care, of PSA testing for the early detection of PCa. 

(Drummond et al, 2010; Potosky et al, 1995) Although the relative costs associated 

with PSA testing are minimal, the high levels of false positives (approximately 1 in 3 

men) that result from the mainstream detection approaches lead to further 

investigation and potentially unnecessary treatments; thus the follow-on costs of 

PSA testing may be extensive. (Ilic et al, 2013; Imamura et al, 2008; Luengo-

Fernandez et al, 2013) PSA testing is known to have low specificity, a clinical 

measure assessing how many negative test results were truly identified (sometimes 

referred to as the ‘true negative rate’), with studies presenting stark variation in 

ranges from 0.06 to 0.66. (Harvey et al, 2009) Therefore, the usefulness of PSA 

testing as a screening technique is highly debateable in the literature and an overall 

significant mortality benefit from PSA testing has not been evidenced internationally. 

(Andriole et al, 2012; Ilic et al, 2013; Schröder et al, 2014) In fact, the 13 years 

follow-up findings of the ERSPC, which are discussed in-depth in Chapter 3, found 

that 781 men would need to be screened and 27 additional cases of PCa need to be 

treated to prevent 1 death from PCa. The latest update however, highlights more 

promising results (i.e. lower numbers needed to screen to prevent PCa deaths) over 

longer follow-up periods. (Schröder et al, 2014) This study did however highlight 

that in a sub-group (men aged 55-69 years), a significant reduction in death from 

PCa of 21% was evident, albeit at the cost of high levels of over-diagnosis resulting 
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in unnecessary treatment. (ibid) Therefore this age range should be included in CEA 

screening scenarios. To date, the ERSPC has been the only randomised trial 

internationally to report any statistically significant benefit from PSA testing in 

reducing PCa mortality. Yet, advocates of the introduction of a universal screening 

programme using PSA testing consistently highlight the drop in mortality rates 

globally since the advent of the PSA test as indisputable evidence in support of 

adopting a PSA-based screening programme.  Figure 1.3, taken from the NCRI, 

highlights the decrease in mortality from 1990-2005 across developed countries. 

(NCRI, 2009) This presents strong evidence that mortality is falling, however the 

number of deaths due to PCa has in fact increased due to changes in population 

demographics and increased diagnosis. (ibid) In Ireland for example, since 2004, 

there has been an approximate 1% annual increase in the age-standardised mortality 

rate, and a 3% annual increase in the actual case numbers. (ibid)  

Figure 1.3 “Prostate cancer mortality 1990-2005” 

 

Source: National Cancer Registry Ireland, 2006 
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1.5 Summary  

 

 The motivation for undertaking this work has been highlighted throughout 

this chapter. In summary, PSA testing may be overused in the RoI resulting in higher 

than average incidence; men, the majority of which are being diagnosed with low 

grade, low-risk PCa, are then being faced with treatment decisions when they may 

not be fully informed as to the long-term consequences of all their options. The 

welfare loss associated with this asymmetry of information is expected to be 

substantial. The economic argument discussed throughout this thesis attempts to 

highlight concerns regarding the efficiency and equity of current arrangements. Of 

the little evidence that currently exists in this area within the Irish context, there is 

one accepted viewpoint across healthcare professionals- current practice in PCa 

detection is not sustainable both from an efficiency perspective and in terms of 

equitable delivery of care. Therefore, health reform in some format is needed and 

evidence to guide potential reforms is fundamental.  

Great advances in the area of diagnostic mechanisms have been made 

recently and this is an evolving space. Due to the knock-on effects from PSA testing 

of over-diagnosis and overtreatment of PCa, it is difficult to narrowly focus on the 

detection without also adequately addressing the post-diagnosis resource use and 

QoL implications. Similarly, the individual choice to have a PSA test needs to be 

understood before assessing the economic impact of the outcomes of that choice. To 

that end this thesis used a wide range of analytical techniques to understand the 

drivers of the choice to procure a PSA test, the associated determinants of variation 

in PSA uptake, the knock-on effect on PCa diagnosis and survival from variation of 

PSA testing, and the cost and cost-effectiveness implications of PSA testing within 

the Irish setting. In doing so the thesis presents five distinct analyses in the area of 

PCa, all of which assist in broadening the evidence base for purposes of advising 

decision-makers with a range of viable alternatives for policy reforms. 
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1.6 Thesis Outputs 

 

This doctoral thesis has yielded a number of outputs in the form of peer-

reviewed academic publications and presentations. Overall, eight pieces of research 

relevant to the aims and objective of this thesis have been produced to date 

throughout the Ph.D. process, including four research papers which have informed 

Chapters 4-6; three of these papers have been published to date and the fourth is 

currently under review. A further four articles have also been published in peer-

reviewed journals; abstracts for these articles can be found in Appendix 4. The data 

collected and analyses carried out also provide ample scope for several other 

publications in the future; future work is outlined in Chapter 8. The research 

displayed throughout this thesis has been presented at both domestic and 

international conferences across the areas of economics, health economics, medical 

research and cancer research. Publication and presentation history are provided 

below. 

 

1.6.1 Thesis-Related Publications 

 

 Burns, RM.* Walsh, B. Sharp, L. O’Neill, C. (2012) Prostate cancer 

screening practices in the Republic of Ireland- The determinants of uptake.  

Journal of Health Services Research and Policy, 17(4):206-11. doi: 

10.1258/jhsrp.2012.011105.  

 Burns, RM.* Walsh, B. O’Neill, S. O’Neill, C. (2012) An examination of 

variations in the uptake of prostate cancer screening within and between the 

countries of the EU-27. Health Policy, 108(2-3):268-76. doi: 

10.1016/j.healthpol.2012.08.014.  

 Drummond
 
FJ, Barrett

 
N, Burns

 
RM, O’Neill

 
C, Sharp L. (2014) The 

number of tPSA tests continues to rise and variation in testing practices 

persists: A survey of laboratory services in Ireland 2008-2010. Irish Medical 

Journal, Available Online 
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 Drummond FJ, O'Leary E, O'Neill C, Burns RM, Sharp L. (2014) 'Bird in 

hand' Cash was more effective than prize draws in increasing physician 

questionnaire response.  Journal of Clinical Epidemiology, Vol 67: 228-231 

 Bourke, S. Burns, RM. Gaynor, C. (2014) “Challenges in generating costs 

and utilisation rates associated with castration resistant prostate cancer in the 

Republic of Ireland.” Journal of Market Access and Health Policy, Vol 2: 

24072 

 Burns, RM.* Sharp, L. Sullivan, FJ. Deady, S. Drummond, FJ. O’Neill, C. 

(2014) “Factors drive inequality in survival with prostate cancer: a population 

based study.” Plos One, DOI:10.1371 

 Drummond, FJ. Kinnear, H. Donnelly, C. O’Leary, E. O’Brien, K. Burns, 

RM. Gavin, A. Sharp, L. (2015) “Establishing a population-based patient 

reported outcomes study (PROMs) using national cancer registries across two 

jurisdictions; The Prostate Cancer Treatment, your experience (PiCTure) 

Study.” Forthcoming: BMJ Open 

 Burns, RM.* Leal, J. Wolstenholme, J. Sullivan, FJ. O’Neill, C. Drummond, 

FJ. Sharp, L. (2015) “The Burden of Healthcare Costs Associated with 

Prostate Cancer in the Republic of Ireland.”  Under Review: European 

Journal of Cancer 

 

1.6.2 Thesis-Related Presentations 

 

 “Prostate Cancer Screening practices in the Republic of Ireland- The 

determinants of uptake.” (Oral Presentation)  Irish Society for New 

Economists Annual Conference (ISNE)- Dublin (August 2011) 

 “Prostate Cancer Screening practices in the Republic of Ireland- The 

determinants of uptake.” (Poster Presentation)  14th Annual European 

Congress of ISPOR- Madrid (November 2011)  

 “Prostate Cancer Screening practices in the Republic of Ireland- The 

determinants of uptake.” (Poster Presentation)  3rd National Conference on 
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Population- Based Cancer Research in Ireland hosted by the NICR- Dublin 

(November 2011) 

 “An examination of variations in the uptake of Prostate Cancer Screening 

within and between the countries of the EU-27.” (Poster Presentation)  

Health Technology Assessment International Conference (HTAi)- Bilbao 

(June 2012) 

 “Examining Prostate Cancer treatment patterns, costs and the determinants 

of treatment uptake in the Republic of Ireland.” (Poster Presentation)  

NCIN Cancer Outcomes Conference- Birmingham, UK (June 2012)  

 “An examination of variations in the uptake of Prostate Cancer Screening 

within and between the countries of the EU-27.” (Oral Presentation)  

European Conference of Health Economics (ECHE)- Zurich (July 2012)  

 “An examination of variations in the uptake of Prostate Cancer Screening 

within and between the countries of the EU-27.” (Oral Presentation)  Irish 

Society for New Economists Conference (ISNE)- Cork (August 2012) 

 “Examining Prostate Cancer treatment patterns, costs and the determinants 

of treatment uptake in the Republic of Ireland.” (Poster Presentation)  

International Association of Cancer Registries (IACR) Annual Meeting- 

Cork (September 2012)  

 “Examining Prostate Cancer treatment patterns, costs and the determinants 

of treatment uptake in the Republic of Ireland.” (Poster Presentation)  

National Cancer Research Institute (NCRI) Cancer Conference- Liverpool 

(November 2012) 

 “The Economics of Prostate Cancer Screening” (Oral Presentation)  

THREESIS Finalist, NUI Galway (December 2012)  

 “Factors driving inequality in survival with prostate cancer: a population 

based study.” (Oral Presentation)  Irish Economic Association Annual 

Conference, Maynooth (May 2013)  

 “Factors driving inequality in survival with prostate cancer: a population 

based study.” (Poster Presentation)  NCIN Annual Conference, Brighton 

(June 2013)  
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 “Factors drive inequality in survival with prostate cancer: a population 

based study.” (Oral Presentation)  ATINER Health Economics Conference, 

Athens (June 2013)  

 “Challenges in generating costs and utilisation rates associated with 

castration resistant prostate cancer in the Republic of Ireland.” (Oral 

Presentation) ISNE Irish Society of New Economists, Maynooth (September 

2013) 

 “Factors driving inequality in survival with prostate cancer: a population 

based study.” (Poster Presentation)  16th Annual European Congress of 

ISPOR- Dublin (November 2013)  

 “Challenges in generating costs and utilisation rates associated with 

castration resistant prostate cancer in the Republic of Ireland.” (Poster 

Presentation)  RCS Annual Day, University of Oxford (March 2014) 

 “Factors driving inequality in survival with prostate cancer: a population 

based study.”  (Poster Presentation) RCS Annual Day, University of Oxford 

(March 2014) 

 “The Burden of Healthcare Costs Associated with Prostate Cancer in the 

Republic of Ireland.” (Poster Presentation)  NCIN Annual Conference, 

Birmingham (June 2014) 

 “A Cost-Effectiveness Analysis of PSA Testing for the Secondary Prevention 

of Prostate Cancer in the Republic of Ireland.” (Oral Presentation) NCIN 

Annual Conference, Birmingham (June 2014) 

 “A Cost-Effectiveness Analysis of PSA Testing for the Secondary Prevention 

of Prostate Cancer in the Republic of Ireland.” (Oral Presentation) IHEA, 

Dublin (July 2014) 

 “The Burden of Healthcare Costs Associated with Prostate Cancer in the 

Republic of Ireland.” (Poster Presentation)  17th Annual European 

Congress of ISPOR-  Amsterdam (November 2014) 
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Chapter 2: The Economic Problem 

 

2.1 Introduction 

 

 The primary objective of this thesis is to undertake, using applied methods, a 

CEA and CUA, classified in the area of HTA and governed by the theoretical 

framework of extra-welfarism. The cost-effectiveness methodology addresses 

whether or not technical efficiency can be attained for a particular good or service 

but the question of wider societal preferences is not addressed directly. (Gray et al, 

2011) In Chapter 7, the model choice and the underpinning assumptions grounded in 

the theoretical framework of extra-welfarism are presented. However, the over-

riding impetus for this thesis is the widespread, unregulated use of PSA testing in the 

RoI; usage of such in the absence of any universal screening programme or 

conclusive international guidance, revolves around interactions between the principal 

and the agent in the decision to undertake PSA testing. Therefore, understanding the 

decision-making process to undertake a PSA test is of equal importance as the 

application of CEA. In Chapter 4, two pieces of empirical analyses are presented 

with the aim of analytically pinpointing determinants of PSA testing uptake; in 

particular the interactions between the principal and the agent are discussed. In this 

chapter a theoretical foundation is discussed for the arguments presented in Chapter 

4 through providing an overview of market irregularities and their relevance to 

preventative care i.e. screening for cancer.  

Since Arrow’s seminal work in 1963, it has been widely accepted that the 

nature of the market for healthcare is different than the market for ‘normal goods’ 

due to the level of uncertainty across the various components of the healthcare 

industry. (Arrow, 1963) Therefore, assessing efficiency in the supply and demand of 

PSA testing (or other screening techniques for the prevention of cancer) necessitates 

understanding the operation of the market system. This chapter reviews the structure 

of the market for healthcare, identifies market irregularities in the delivery of 
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healthcare and examines market failures drawing on PSA testing trends in the RoI 

for illustrative purposes. 

 

2.2 Arrow, Grossman and the Market for Healthcare 

 

In Arrow’s discussion on uncertainty in the market for medical care, the 

characteristics of a competitive market, free of market failure, are compared with the 

functioning of the market for medical care. (Arrow, 1963)  

It is contended here, on the basis of comparison of obvious 

characteristics of the medical-care industry with the norms of 

welfare economics, that the special economic problems of 

medical care can be explained as adaptations to the existence of 

uncertainty in the incidence of disease and in the efficacy of 

treatment. (ibid) 

 

Neoclassical economics suggest that consumers make informed decisions based on 

access to full information, known preferences and have the time and resources to 

make decisions that may maximise their utility. (Hammitt, 2013; Mankiw, 2008) It is 

also suggested that producers in a competitive market do not have the power to set 

prices and have no barriers to enter the market. (ibid) These assumptions facilitate 

self-interested buyers and profit-maximising sellers to arrive at a ‘market 

equilibrium’ maximising the total benefit society can derive from that market. 

(Mankiw, 2008) However, as Arrow highlights throughout his work, the market for 

medical care does not align to these assumptions and thus this market has differences 

resulting in market failures. Arrow suggests the causes of the irregularities are as 

follows: 
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 The Nature of Demand- Consumption practices are ‘irregular and 

unpredictable.’  

o Demanding healthcare in order to derive health gains is rarely based on 

the consumer having full information, knowing their preferences, having 

the time and resources to make a decision as well as knowing which 

decision will maximise their individual utility.  

 

 Expected Behaviour of Physicians- GP’s and other healthcare professionals 

are ‘supposed to be governed by concern for the customer’s welfare.’ 

o The supply of healthcare is governed by regulatory processes informed by 

jurisdictional best practice in ethical conduct. Medical practitioners are 

required at all times to take responsibly, reasonable and effective action 

to assist in maintaining and/or improving consumer welfare unlike 

suppliers in the market for normal goods. 

 

 Product Uncertainty- Consumption of services/ treatments with limited 

outcomes known; ‘recovery from a disease is as unpredictable as its 

incidence.’ 

o In the market for healthcare, the products consumed to achieve a utility 

maximising health state (which is usually relative to a current health 

state) may not yield the expected outcomes. A consumer of healthcare is 

somewhat aware of the variable uncertainty of achieving this goal in 

comparison to consuming a non-healthcare good i.e. a bed, where 

certainty on the characteristics and functionality of the bed are easily 

attained.  

 

 Supply Conditions- ‘Several departures from the theory in the case of 

medical care’ i.e. barriers to entry (licenses) increase costs. 
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o Contrary to assumptions of no barriers to entry in market structures for 

‘normal goods’, the market for healthcare has regulatory processes in 

place for healthcare professionals. In particular, barriers to entry in the 

form of attainment of licenses for practitioners which are predicated upon 

extensive educational investment/achievement are necessary supply 

conditions to ensure quality of delivery of healthcare.  

 

 Pricing Practices- Dependent upon the type of healthcare delivery system 

and the payer type, there may be ‘extensive price discrimination by income.’ 

o Healthcare is recognised as a basic human entitlement. Therefore, 

different pricing strategies coupled with government intervention have 

been adopted across jurisdictions, influenced by political will, to provide 

adequate access to healthcare. However, due to uncertainty driven by 

asymmetric information in treatment decisions, the supplier can price 

discriminate between consumers and does so, cross-subsidising those on 

low incomes. 

The common themes across the above examples of deviations from markets for 

‘normal goods’ is the necessity for regulation, as well as the lack of transparency in 

what is driving the interaction between the principal and the agent stemming from 

uncertainty. Based on this, it is evident that the characteristics of the market for 

healthcare do not conform to the basic tenets of neoclassical economics and thus 

exhibit market irregularities or failures which if left unregulated, may result in 

sizeable societal welfare losses. 

 Following on from Arrow’s work, a different perspective on the model of 

healthcare demand was proposed by Grossman (1972) which rejected the previous 

assertions that people were merely passive consumers of healthcare; instead the 

framework suggested that people acted both as active consumers and producers of 

health. (Grossman, 1972) In order to maximise utility through the production of 

‘healthy time,’ consumers demand health (derived from the demand for healthy 

time); therefore it is necessary to demand healthcare (also a derived demand) in 

order to achieve a desired health state for the purposes of maximising healthy time 
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which is shared between work and leisure. (Dolan, 2003; Grossman, 1972; 

Muurinen, 1982) Analogous to the production of a firm, the process of healthy time 

production involves the relationship of inputs and outputs. The Grossman model, 

although providing a more functional understanding of the demand for healthcare 

and the drivers of that demand, has many limitations including its deterministic 

structure and the lack of representation of the influences of insurance markets on 

demand. (Dolan, 2003; Kenkel, 1994; Muurinen, 1982; Zweifel, 2012) Nonetheless, 

the contributions from Arrow and Grossman sought to highlight the distinct 

differences in the market for healthcare in comparison with markets for normal 

goods spurring the growth of further empirical analysis from their contemporaries. 

Fuchs was highly influenced by both as well as the work of Becker, with an aim of 

emphasising, 

…the importance of non-medical factors such as genetic 

endowment, the physical and psychosocial environment and 

personal behaviours such as cigarette smoking, diet and exercise. 

(Fuchs, 1996) 

 

The argument put forward by Vladeck (2009), that the market for healthcare 

“deviates considerably from the prototypical, traditional competitive model” has 

been acknowledged and provisions have been made by decision-makers to monitor 

and potentially correct for these irregularities. (Vladeck, 2009) However, this is 

subject to many budgetary and non-budgetary constraints and considerable variation 

in achieving these ends exist across jurisdictions. Certain characteristics of the 

healthcare market therefore can be adequately regulated and efficiency can be 

improved; other aspects of the market including the nature of supply and demand 

prove more difficult to correct. Therefore, consumers and producers will choose to 

demand or supply a healthcare product or service based on expectations of efficacy 

as well as their level of risk aversion subject to individual constraints. When 

consumer or producer behaviours deviate from individual expectations (often the 

case in the demand for healthcare), this leads to inefficient and inequitable allocation 

of resources resulting in market failure. (Rice, 2009) For example, childhood 



CHAPTER 2- THE ECONOMIC PROBLEM 

24 
 

vaccination programmes and the impact on health outcomes in the short and long run 

may not be well understood by particular groups of consumers and so if left to the 

free market, demand may be sub-optimal or inefficient resulting in a societal welfare 

loss. (Balding, 2006; Kumar et al, 2010; Sheikh et al, 2013) The introduction of 

public health campaigns and collaboration between health and education 

departments witnessed increased efficiency via regulation, therefore correcting for 

this market failure. (Balding, 2006) 

In consuming healthcare, the expected payoff is healthy time and individuals 

seeking to maximise healthy time by achieving and maintaining a satisfactory health 

state require an understanding of all available evidence on the outcomes from the set 

of choices available to them generally facilitated by the agent. Additionally, the 

effects of environmental factors such as education and community, as well as 

psychological factors such as innate ability and resilience, impacts on the 

relationship between the principal and the agent and thus the decision making 

process. (Fuchs, 1996) Elaboration and a deeper understanding of human deductive 

logic in the consumption process could aid in enhancing the theoretical frameworks 

used to model the functionality of the market, and Savage, focused on a person's 

beliefs as aiding in the decision making process when objective probabilities are 

unknown. (Cited in Binmore, 1992) Savage argued, "it only makes sense for a 

rational person to be consistent if he or she has had the opportunity to consider what 

his or her attitudes would be under all possible contingencies that might arise." 

(ibid) This was known as the 'small world' assumption. "Only when the range of 

possibilities is sufficiently small will it be practical for someone to evaluate in 

advance the implications of anything that might conceivably happen." (ibid) This 

assumption however also had its critics including Allais’s assertion that "real people 

are not Bayesian-rational." (ibid) People, in essence, inherently do not have the 

capacity to comprehend an exhaustive set of pathways with a comprehensive 

understanding of expected probabilities (which is normally the situation faced by the 

individual in the demand for healthcare). Furthermore, operating in areas where the 

impacts of their choices in the wake of uncertain outcomes could yield remarkable 

increases or decreases to current utility levels, the logical argument underpinning 

classical rational choice models may not hold. However, Bennett argues that 
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although context may influence behaviour, due to a locus of control i.e. the belief 

that an individual has control over their health and so will partake in healthy 

behaviours, it may not violate rationality. (Bennett et al, 1997) The health locus of 

control construct, although highlighting the relationship between experience and 

action, has been criticised for its simplistic outlook. (MacKian, 2003) 

            Demand for healthcare differs from the demand for normal goods mainly due 

to uncertainty; namely, the number and extent of market failures that are present 

within the market for healthcare. Individuals’ value health based on a number of 

contributory factors; age, education, financial constraints, family responsibility and 

type of employment impact the preference for health goods relative to other goods. 

(Arrow, 1963; Asano et al, 2011; Becker, 1964; Grossman, 1972; Fuchs, 1996) 

However, due to the impact of poor health on overall functioning, health is highly 

valued in general. Regardless of whether individuals demand healthcare for a current 

period of poor health or a potential future period of poor health, demand decisions 

are fuelled by uncertainty about future health stocks (combatting poor or poorer 

health states in the near or distant future). Based on this, a strong reliance is placed 

on the supplier of healthcare to understand the utility function of the consumer; 

similarly, the supplier needs to understand the weighting attached to each argument 

(clinical need being one such argument) within that utility function. The relationship 

between the principal (consumer of healthcare) and the agent (supplier of healthcare) 

is one built on trust with incentives to both parties to ensure that the agent is able and 

willing to act as the principal, were s/he as informed as the agent was. (McGuire, 

2000; Nguyen, 2011) Each actor in the relationship holds a pool of knowledge that 

the other is not privy to and this information asymmetry can result in an inefficient 

quantity of healthcare being consumed/ supplied.   

            The nature of the relationship between the principal and agent can be 

influenced by the healthcare delivery model in operation within a jurisdiction. 

(Vladek et al, 2009) Population-based screening programmes where interventions are 

accessible to all high-risk individuals (a form of incentive) can bolster higher levels 

of demand which may lead to unnecessary, excess usage of healthcare services; more 

complex healthcare delivery models which involve fee-for-service either partially or 

fully, foster the opportunity for excess supply also driven by incentives i.e. supplier-
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induced demand generated by asymmetric information. (ibid) The outcome of excess 

demand or excess supply is disequilibria in the market resulting in under/over 

production of healthcare which can lead to other sources of market failure including 

negative externalities e.g. over-usage of antibiotics has led to the current health issue 

of anti-microbial resistant resulting in welfare loss. (Kaier et al, 2010) Demand 

decisions are arguably dependent upon belief; in the demand for healthcare, the 

belief is a function of trust both in the supplier of healthcare and the market system 

in which that production takes place. (Culyer 1989; Hausman, 2009; Labelle 1994; 

Mooney 1993) This argument is illustrated in the work of Gold et al (1996), which 

summates, "those experiencing acute conditions may not be able to make well-

considered judgements of how severe the state actually would be in the long run." 

(Gold et al, 1996) When trust is abused by either actor (or both as the case may be), 

socially optimal marginal benefits cannot be realised without the introduction of 

regulation; the breakdown in the principal-agent relationship is discussed further in 

Chapter 4 with an emphasis on supplier-induced demand in PCa.   

This section sought to provide a brief overview of the debate over time on 

how the operation of the market for healthcare deviates from that of the market for 

‘normal goods’ as well as the intricacies of the principal/ agent relationship. The next 

section illustrates the role of market failure in the demand for and the supply of 

screening for cancer following on from the themes discussed. 

 

2.3 Market Failure and Screening for Cancer                     

         

             The example of screening for cancer highlights several failings in the market 

of healthcare, driven predominantly by the uncertainty around the expected value of 

screening. Following on from Grossman, Kenkel (1994) found that in demand 

decisions for healthcare, in particular demand for preventative medicine, age, 

education and changes in health insurance coverage were contributory factors; for 

example, the more educated an individual is, the more likely they are to utilise 

preventative services. (Kenkel, 1994) The outcomes of a cancer diagnosis in general 

i.e. severity of condition and mortality risks, are well understood by individuals; 
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however, the chances of surviving cancer across individual cancer types and stages 

at diagnosis are less understood. (Kramer et al, 2000; Schwartz et al, 2004) In the 

presence of high or fluctuating levels of uncertainty around potential future health 

risks, demand will vary among individuals who respond differently to risk; generally 

those who value their current healthy time more (e.g. higher earners or principal 

care-givers) have different levels of demand than those who place less value on 

healthy time. (Picone et al, 1998; Ross et al, 2006) Differential use of healthcare 

based on the value placed upon consumption by the individual results in both excess 

and under consumption of goods and services across sub-groups in society therefore 

fostering disparity in uptake of care (i.e. excess usage of antibiotics based on the 

understanding that this will provide a speedier cure for infection; under usage of 

vaccinations based on lack of understanding of benefit). (Ross et al, 2006; Wells et 

al, 2007) In both cases healthcare delivery in general becomes inefficient and 

inequitable. This is the case in the market for screening of cancer and why risk 

communication is necessary to alleviate variation in demand practices based on 

asymmetry of information. (Schwartz et al, 1999)  

Because cancer is an especially dreaded diagnosis, information 

about the chance of developing cancer or the effect of various 

preventative strategies in reducing cancer risk or in the chances of 

dying of cancer may be extremely welcome. (ibid) 

 

Schwartz et al (1999) also state that, “information about cancer alone (or a 

particular cancer) may overemphasis the risk compared with other health issues.” 

(ibid) Without understanding all the current and future potential benefits and harms 

of screening for cancer, screening may not deliver an efficient outcome and so has 

been described as ‘a double-edged sword.’ (ibid)  

Cancer detection mechanisms seek to diagnose potential cancers previous to 

development (primary prevention i.e. cervical screening) or at the early stages of 

development (secondary prevention i.e. breast, lung, colorectal or prostate screening) 

where cancer survival benefits are highest; however due to the lack of knowledge on 

histological progression of cancer and the impact of risk factors on this progression, 

there may be uncertainty as to the best course of action after diagnosis. (Black, 2000; 
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Kramer et al, 2000; Schwartz et al, 2004) Some cancers progress at a faster rate than 

others and so need more aggressive curative strategies after diagnosis e.g. lung 

cancer. Screening detection programmes are generally introduced to ensure optimal 

levels of uptake across high risk groups with the objective of ameliorating the 

consequences (high mortality rates and increased resource utilisation) associated 

with these types of cancers. Other cancers such as PCa generally grow at a slower 

rate and are usually not detected until men are in their 60’s; despite this, due to the 

high levels of uncertainty around the survival benefit from early detection and the 

stark increases in incidence worldwide, PSA testing for the secondary prevention of 

PCa is the most used form of cancer detection worldwide.  (Drummond et al, 2009; 

Etzioni et al, 2002; Hoffman, 2014; Ransohoff et al, 2002) PSA tests are:         

(1) Inaccurate at distinguishing between aggressive PCa compared with more 

passive PCa which will unlikely result in mortality i.e. a diagnosis of PCa in 

the early stages could result in no further curative action necessary;  

(2) Ineffective at realising a mortality benefit i.e. evidence from two major 

trials highlight conflicting results and therefore no agreement internationally 

has been reached to date on whether or not PSA testing saves lives;  

(3) Responsible for increased rates of incidence worldwide and potentially 

aiding in perpetuating the cycle of asymmetry of information with regard to 

the benefit of the test i.e. the more men that get diagnosed with early stage 

PCa from initially having a PSA test, the more exposure the test is likely to 

have in the media and communities in general, thus increasing its use. (ibid)  

 

Coupled with the technical inefficiencies outlined, excess PSA testing results in 

over-diagnosis and overtreatment; this presents a considerable burden of cost on 

constrained healthcare budgets internationally and is discussed extensively  

throughout the thesis. (ibid) Etzioni (2002) estimated that PSA testing resulted in 

lifetime over-diagnosis levels in Caucasian men aged 60-84 years old of 18%-39% 

and African American men of the same age cohort of 20%-44%. (Etzioni et al, 2002; 

Yao et al, 2002) The impact of excessive PSA testing as witnessed in particular in 
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the US has an estimated annual cost of PSA-based screening for Medicare 

beneficiaries of $447million in 2009, which is a substantial allocation of resources. 

(Ma et al, 2014)  

 

2.4 The Market for PSA Testing in the Republic of Ireland 

 

PSA testing is widely used to detect PCa with limited evidence available to 

suggest effectiveness as a screening mechanism; this is unlike many other cancer 

screening mechanisms which have stronger predictive power. (Ilic et al, 2013) 

Within the RoI, levels of PSA testing are among the highest across the EU. 

(Drummond et al, 2009; NCRI, 2014) It is suspected that both high demand across 

groups whom perceive a benefit from screening and high supply due to incentives 

and personal beliefs held by GP’s are driving the excess consumption practices in the 

RoI and Chapter 4 attempts to test this hypothesis. In 2010, over €3.5 million was 

spent on PSA testing alone; this suggests that approximately 500,000 tests were 

performed in 2010 (average cost of a PSA test was estimated at €7 in the RoI). 

(Drummond et al, 2013) In 2010 there were approximately 433,000 men who were 

aged 50-69 (the age cohort most likely to benefit from detection of PCa according to 

international guidance) and 3,230 cases of PCa diagnosed. (CSO, 2012; NCRI, 2011) 

Data collection is limited in the RoI; in particular, the absence of a unique patient 

identifier means that it is impossible to detect what is done to whom and at what 

frequency. The NCRI capture data on those diagnosed with PCa, but evidence on 

how many men have a positive PSA test and undergo biopsy with a negative result 

(i.e. PCa free) is speculative. From the number of tests performed in 2010 and the 

numbers of those diagnosed and in the general population, more demand and supply 

for PSA testing in the RoI than is socially optimal seems likely. Over utilisation of 

healthcare services to confirm diagnosis and for purposes of treatment highlights a 

potentially substantial welfare loss. In the absence of robust evidence in relation to 

cost-effectiveness and efficacy of detection, diagnosis and treatment pathways for 

PCa, the issue then becomes one of constructing a policy response to address the 

overuse of PSA testing in the RoI. This however is an evolving area of research with 
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trials currently in operation internationally to attempt to overcome the technical 

inefficiencies with PSA testing as well as highlight cost-effectiveness of treatments 

best suited to various stages of PCa detection. (Andriole et al, 2012; Johansson et al, 

2011; Schröder et al, 2014)  

 

2.5 Perspectives on Regulation in the Market 

 

 In the presence of market failure as suggested with PSA testing practices, the 

drivers can be seen from the supply side and the demand side, as well as being 

fostered by the healthcare model in operation. On the island of Ireland two delivery 

models of healthcare exist; the RoI currently employing a mixed, public-private 

system of healthcare delivery and Northern Ireland (NI) employing the NHS 

socialised model of largely free healthcare provision for all. Population profiles can 

be argued to be homogenous with no evidence of increased risk of PCa in the RoI 

compared to NI; however age-standardised incidence in the RoI is 41% higher than 

NI with no statistically significant difference in mortality rates. (Drummond et al, 

2009) However, 5 year relative PCa survival was 6.1% higher in the RoI compared 

to NI in 2000-2004. (NICR/ NCRI, 2009) The increased incidence is partly a result 

of higher outpatient biopsy referrals (as a result of an abnormal PSA test) in RoI 

compared to NI where the GP acts as a gatekeeper to follow-on care and partly as a 

section of society in the RoI pay out-of-pocket for care and therefore demand 

evidence of higher quality care (this may manifest itself in additional tests and 

onward referrals whether necessary or not); increased survival may be due to the 

higher proportions of early stage PCa being diagnosed relative to advanced and 

metastatic stages. (ibid) Therefore, it could be argued that healthcare systems where 

easier access to follow-on care due to multiple payers in operation facilitate sub-

optimal utilisation of healthcare due to the presence of various forms of incentives; 

this appears to be the case for PCa detection when comparisons are drawn between 

the RoI and NI. This suggests that correcting for the market failures inherent in PSA 

testing practices in the RoI necessitates a three-pronged approach involving separate 

regulation strategies for consumers, producers and the government. However 
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evidence on cost-effectiveness and the implications of PCa screening on over-

diagnosis and overtreatment is necessary for the government to consider what the 

most appropriate regulation strategies might be.  

 As discussed earlier in the chapter, Arrow (1963) suggested that uncertainty 

was a key feature in highlighting why healthcare could not be considered a ‘normal 

good.’ (Arrow, 1963) Uncertainty in the benefits, harms and outcomes of PSA 

testing has facilitated overconsumption from the individual seeking perceived early 

detection benefits and oversupply from the clinician who may have an incentive 

(disincentive), either personal or financial, to perform (withhold) the PSA test and 

therefore resulting in potential ex post moral hazard i.e. insurance plans including 

PSA testing as part of a wider spectrum of a men’s overall check-up increase 

consumption. (Bardey et al, 2006; Jerant et al, 2013) Bardey et al (2006) assess the 

possible regulation alternatives for attempting to alleviate both demand-side and 

supply-side inefficiencies following on from the work of Ma and McGuire (1997). 

(Bardey et al, 2006) The authors explain that only in a situation where high levels of 

uncertainty are present can physicians manipulate their patients for purposes of 

serving their own interest. Assessing the optimal policy response, the authors 

suggest, “that the optimal linear regulation may be a mixed regulation requiring 

incentives on both the supply-side and the demand-side.” (ibid) They also advise that 

using fee-for-service and co-insurance rates are non-optimal alternatives. These 

mechanisms are in operation in healthcare models where increased PSA testing is 

evident i.e. the RoI and the USA. There is high uncertainty in relation to the benefit 

of a PSA test from preventing death due to PCa (discussed further in Chapter 3), 

there is also an increased likelihood that men detected with PCa, regardless of the 

clinical stage and risk assessment of the cancer, will undergo treatments and 

therefore further consume healthcare services post-diagnosis. Therefore fee-for-

service and co-insurance structures may facilitate clinicians to seek to maximise 

profit by encouraging PSA testing in order to provide further more costly treatment 

down the line; however, it is more likely that within the RoI, non-price competition 

has a role to play in PSA testing uptake and when payment of fees are a factor, the 

GP may give more weight to what the patient wants as opposed to what the patient 

needs.  
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 Where systematic regulation may not be possible due the intricacies within 

jurisdictions’ political models, improving access to information on the demand-side 

may have desirable effects; the argument put forward in the US by primary care 

physicians against regulation is, if they withhold a PSA test request and a patient is 

diagnosed elsewhere based on an asymptomatic PSA test, then they could face a law 

suit. A recent study highlighted that informed patients chose to delay PSA testing 

follow-up care when risks are understood with the aid of risk assessment tools. 

(Ankerst et al 2014; Thompson et al, 2014) The authors suggest, “that PSA levels 

should no longer be referred to as “normal” or “elevated” but should be 

incorporated into a multivariable risk assessment to provide individualized risk 

information for decision making.” (Thompson et al, 2014) With long-term risks of 

biopsy complications and nearly half of all biopsies resulting in non-lethal, PCa 

being detected, post-PSA biopsy may not offer any benefit to low risk men; using 

risk assessment tools to reduce the level or asymmetry of information involved in 

opting in or out of further investigation following an increased PSA test provides a 

plausible regulatory intervention with positive net-benefits. (Ankerst et al 2014; 

Prostate Cancer Foundation, 2013; Thompson et al, 2014) Regulatory options 

specific to the Irish context are discussed further in Chapter 8.  

 

2.6 Conclusion 

 

         This chapter highlights the departure of the market in healthcare from that 

assumed in neoclassical economics to produce efficient outcomes. The case of 

screening for cancer was discussed focusing on the uncertainty around benefits and 

harms of early detection highlighting the role of asymmetry of information in 

inefficient and inequitable levels of consumption for screening. Benefits are 

narrowly defined in terms of the impact on mortality based on the international 

evidence discussed in the next chapter; this is considered appropriate as the QoL 

benefits from screening and the reassurance screening offers is not well understood 

and therefore difficult to assess. PSA testing for PCa detection is undoubtedly a 

controversial topic in cancer prevention across a wide field of disciplines as clear 
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international guidance is being consistently undermined, evidenced by practice 

variation in most developed countries. PSA testing as a detection mechanism is 

feared to be both inefficient and inequitable creating an imperative to review the 

evidence and devise a policy response, where necessary. The extent to which the 

market fails with respect to screening for PCa negatively impacting on third parties 

is unknown; however the resource utilisation as a result of PSA testing, follow-on 

diagnostic testing and subsequent treatment are substantial and potentially could be 

redirected to disease areas where greater efficiency gains could be attained. (Ma et 

al, 2014; Vladeck et al, 2009)  
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Chapter 3: A Review of the Effectiveness of PSA Testing 

 

3.1 Overview  

 

When examining international trends in PCa over the last two decades in 

particular, a recurring theme emerges around the screening debate using PSA testing.  

As discussed in Chapters 1-2, increased use of PSA testing has been driving 

increases in incidence of PCa worldwide since the 1980’s. (Albin, 2010; Drummond, 

2010; Potosky, 1995; Selly et al, 1997)  It remains unclear however, whether or not 

PSA testing is a cost-effective detection mechanism. Population-based studies on the 

effectiveness of PSA testing in detection of PCa and survival outcomes report 

different findings; results also vary depending on length of follow up after diagnosis. 

(Albertsen et al, 2005; Sandblom et al, 2004) In relation to effectiveness, the primary 

outcome measure used has been a reduction in mortality through early detection; 

other outcomes assessed include progression-free survival, disease progression and 

resource utilisation. (Albertsen et al, 2005; Atenor et al, 2005; Hugosson et al, 2000; 

Sandblom et al, 2004) While the debate continues around the effectiveness of PSA 

testing, notably, consensus exists in relation to overtreatment concerns; Hugosson et 

al (2000), highlighted PSA testing men at 67 years of age will result in treatment 

modalities on average 7 years previous to the emergence of clinical symptoms, while 

only one man in four expected to develop PCa will die from the disease within 15 

years. (Hugosson et al, 2000)  

In the absence of RCT data or population-based observational data with 

substantial follow-up, evidence synthesis has been adopted to inform economic 

modelling. (Briggs et al, 1999; Briggs et al, 2006; Leal, 2010; Shemilt et al, 2010) 

Economic evaluations are necessary to provide an evidence-based framework to 

decision makers for appraisal of new medical technologies including screening 

mechanisms; CEA incorporating CUA is the recommended methodological approach 

in the UK and the RoI. (Buxton et al, 1997; Drummond et al, 2005; HIQA, 2014; 

Kuntz et al, 2001) In 2010, two models using elements of multi-parameter evidence 
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synthesis (MPES) to assess the cost-effectiveness of PSA testing for the secondary 

prevention of PCa were constructed in the UK- the ScHARR Model and the Oxford 

Model. (Chilcott et al, 2010; Leal, 2010) Depending on the government’s 

willingness to pay (WTP) and the budget impact of the adoption of a screening 

programme for PCa, the findings of these two models highlighted potential cost-

effectiveness with several caveats; this is developed further in this chapter. In the 

RoI, a CEA for PSA testing for PCa has not been carried out previous to the research 

undertaken as part of this thesis.  

The purpose of this chapter is threefold: firstly, to review the available 

evidence from RCTs on effectiveness outcomes for PSA testing as a mechanism of 

screening for PCa; secondly, to provide a summary of the current international 

guidance and the level of variation therein associated with the use of PSA testing; 

and finally to review methods and results from previous cost-effectiveness models 

undertaken to assess on what grounds, if any, adoption of a universal, PSA-based 

screening programme for PCa should be considered. The information gathered 

assists in informing parameters and the structure of the decision model assessing 

cost-effectiveness of PSA testing as a screening mechanism for PCa. In the next 

section, a review of the findings of the two main RCTs, the European Randomised 

Study for Screening in Prostate Cancer (ERSPC) and the U.S. Prostate, Lung, 

Ovarian and Colorectal Trial (PLCO) as well as the Swedish arm of the ERSPC is 

presented, highlighting in particular the relative risk (RR) found with using PSA 

testing as a screening mechanism and also the resulting mortality benefit from the 

latest follow-up period.  
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3.2 Evidence from Randomised Controlled Trials for Prostate Cancer 

Screening  

 

3.2.1 The European Randomised Study for Screening in Prostate Cancer 

 

In 1994, the ERSPC was initiated as a multi-centre RCT which included The 

Netherlands and Belgium. By 2000, Sweden, Finland, Italy, Spain, Switzerland and 

France also joined the study with France completing enrolment in 2005. (Schröder et 

al, 2012) The aim of the trial was assessing the effectiveness of PSA-based screening 

for PCa at reducing mortality compared to no screening; therefore mortality is the 

primary outcome. (ibid) In 2014, the trial was in its 13
th

 year of follow-up and 

included 182,160 men between the ages of 50 years and 74 years at entry; those aged 

55 years to 69 years (the age range where a marginal mortality benefit was evidenced 

in previous findings with shorter follow-on periods) were predefined as a core age 

group (n=162,388). (ibid) Screening rounds included PSA testing every four years 

(with Sweden screening every two years) and a PSA threshold of >3ng/ml i.e. the 

advocated level in which a PSA result is deemed elevated or abnormal, was adopted 

in most of the centres. (ibid) If a PSA test was higher than 3ng/ml, men were referred 

for a biopsy; earlier in the study some centres used higher cut-offs (>4ng/ml), but the 

trial in general, currently adopts the European Urology Association (EUA) guidance 

of >3ng/ml as a PSA cut-off level. (Heidenreich et al, 2013; Roobal et al, 2003) The 

number of men needed to undergo screening in order to prevent one PCa death was 

calculated for follow-up to 9, 11 and 13 years (this is the inverse of the absolute risk 

reduction among men who underwent randomisation). (Schröder et al, 2014) Figure 

3.1 highlights the ERSPC trial process. (ibid) 
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Figure 3.1 ERSPC enrolment and outcomes  

Source: Schröder et al, 2014 

Of the 162,388 men within the cohort of interest (55-69 years), 145 died 

previous to randomisation, 72,891 were randomised to the intervention group and 

89,352 were randomised to the control group. (ibid) 1,304 more PCa cases were 

picked up in the intervention arm compared to the control (7,408 cases after 13 years 

follow-up compared to 6,107 cases). Outcomes varied significantly across the two 

arms of the ERSPC trial; at 13 years follow-up, the screening arm highlighted 355 

died from PCa where as in the control arm 545 died from PCa. (ibid) Screening 

detected 21.3% more cancers compared to non-screening, however the screening arm 

had higher proportions of low risk PCa while the control arm had higher levels of 

intermediate risk, high risk and metastatic PCa, 59.9% compared to 41.6% and 

32.3% compared to 48.5%, respectively. (ibid) The results from the trial, stratified 

by follow-up period, are presented in Table 3.1. It is clear that in general, longer 

follow-up periods highlight statistically significant mortality benefit.   
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Table 3.1 ERSPC PCa mortality results for men aged 55-69 (core age group) 

 

 Intervention Group Control Group Rate Ratio                       

(95% CI) 

p value Rate difference 

per 1000 

person-years 

(95% CI) 

Rate 

difference 

per 1000 

men 

Adj. RR 

in 

attenders                           

(95% CI) 

p 

value 

Follow

-up 

PCa 

deaths 

(n) 

Person

- years 

Rate 

per 

1000 

person

- years 

PCa 

deaths 

(n) 

Person- 

years 

Rate 

per 

1000 

person

- years 

      

Years 

1-9 

193 614590 0.31 278 751777 0.37 0.85  

(0.70 to 1.03) 

0.1 -0.06  

(-0.12 to 0.01) 

-0.48   

Years 

1-11 

265 732133 0.35 415 896367 0.46 0.78  

(0.66 to 0.91) 
0.002 -0.10  

(-0.17 to -0.04) 

-1.02 0.71  

(0.58 to 

0.88) 

0.001 

Years 

1-13 

355 825018 0.43 545 1011192 0.54 0.79  

(0.69 to 0.91) 
0.001 -0.11  

(-0.18 to -0.05) 

-1.28 0.73  

(0.61 to 

0.88) 

0.0007 

Source: Schröder et al, 2014 
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Overall for the subgroup of men aged 55-69, the rate ratio (RR) of mortality 

from a screen is 0.79 (95% CI: 0.68; 0.91) before adjustment for non-participation 

compared to no screen which highlights statistically significant reduction in 

mortality from using PSA testing as a screening mechanism for PCa. After 

adjustment for non-participation, the rate ratio of PCa mortality in men screened was 

0·73 (95% CI 0·61—0·88), again statistically significant. (ibid)  

The absolute risk reduction of death from prostate cancer at 13 

years was 0·11 per 1000 person-years or 1·28 per 1000 men 

randomised, which is equivalent to one prostate cancer death 

averted per 781 (95% CI 490—1929) men invited for screening or 

one per 27 (17-66) additional prostate cancer detected. (ibid) 

 

The results from the 13 year follow-up do not indicate a mortality benefit for 

screening of men aged 70 years and over, however the authors do state the 

confidence intervals were large for this age cohort. (ibid) The 13 year follow-up 

confirms “a substantial reduction in PCa mortality attributable to testing of PSA, 

with a substantially increased absolute effect compared with findings after 9 and 11 

years.” (ibid) Figure 3.2 highlights the Nelson–Aalen estimates of cumulative PCa 

mortality over the 13 year follow-up highlighting continued increased benefit in the 

intervention group over time. Although the recent update from Schröder et al (2014) 

presents stronger evidence than previous analysis and a sustained mortality benefit 

for a sub-group of men, the authors still believe that due to the impact of over-

diagnosis and overtreatment, PSA-based population screening is not advisable at 

present. (ibid) However due to the mortality benefit evidenced from detecting PCa at 

an earlier clinical stage, the authors believe the focus of future research in this area is 

diagnostic accuracy in detection mechanisms for PCa. (ibid) In other words, 

detecting high-risk PCa in the early clinical stages will result in saving lives as 

evidenced from the trial results; however the PSA test cannot distinguish between 

low and high risk PCa and so the cumulative harms from detecting and treating low-

risk PCa outweighs the cumulative benefits of early detection for high-risk PCa. Key 

points from the analysis are outlined in Table 3.2. 
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Figure 3.2 ERSPC 13 year follow-up cumulative PCa mortality 

Source: Schröder et al, 2014 

 

Table 3.2 Key Points from ERSPC results at 13 year follow-up 

 

1. The results from the 13 years of follow-up highlight no further increase in relative 

effect (RR: 0.79) from the 11 year follow-up in 2012; however an enhanced absolute 

mortality reduction was evidenced. Non-compliance in the intervention group and 

contamination in the control group are plausible reasons for no increase in relative 

effect being evidenced. 

2. A substantial decrease in the numbers needed to invite for screening (NNI) was 

evidence from shorter follow-up periods (at 9 years- 1410 compared to at 13 years- 

781). 

3. Follow-up periods need to be longer to see the full impact of PSA-based screening on 

PCa mortality given the long natural history of screen-detected PCa i.e. lead time. 

4. In keeping with previous analysis, there is no difference in all-cause mortality; in 

general, it is acknowledged across the screening literature however that all-cause 

mortality is not a useful endpoint for assessing the benefits of screening programmes.  

5. Approximately 40% of cases detected are over-diagnosed by screening and therefore 

result in high risks of overtreatment with unavoidable side-effects; as this is the 

predominant adverse event associated with PSA-based screening, future research 

focus needs to address over-diagnosis. 

6. Screening rounds using PSA testing were every four years with Sweden screening 

every two years and a PSA threshold of >3ng/ml was adopted in most of the centres 

but not all. 

7. Due to the uncertainty around the balance of benefits and harms of PSA-based 

screening, policy makers need to consider the trade-off and provide men with well-

informed decision aids.  
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3.2.2 The US Prostate, Lung, Colorectal and Ovarian Trial  

 

 The U.S. PSA-based screening trial for PCa as well as other cancers, the 

Prostate, Lung, Colorectal and Ovarian (PLCO) Cancer Screening Trial, is a large 

population-based randomised trial evaluating various mechanisms for screening for 

cancer; the aim of the trial was to determine the effects of screening on cancer-

related mortality. (National Cancer Institute, 2014) Overall enrolment of the PLCO, 

including the prostate screening arm, commenced in 1993 and was completed in 

2001 across ten centres in the U.S.; 76,685 men aged 55-74 years were randomised, 

38,340 to the screening arm and 38,345 to the control arm. (ibid) Figure 3.3 presents 

the PLCO flow diagram for the PCa element of the PLCO. (Andriole et al, 2012) 

The screening arm of the trial underwent organised screening of annual PSA testing 

for 6 years and annual digital rectal exam (DRE) for 4 years while the control arm 

underwent usual care and some were opportunistically screened; approximately 92% 

of the study participants were followed to 10 years and 57% to 13 years. (ibid) In 

contrast to the recommended PSA cut-off used in the ERSPC (>3ng/ml), the PLCO 

trial adopted a higher cut-off level (>4ng/ml) or a suspicious DRE as mechanisms of 

detection. (ibid) 

 

Figure 3.3 PLCO trial flow diagram 

 

Source: Andriole et al, 2012 
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At 13 years follow-up, 4,250 men were diagnosed in the intervention arm and 

3,815 in the control arm; cumulative incidence rates were 108.4 and 97.1 per 10,000 

person-years in the intervention and control arms, respectively. (ibid) Across a range 

of statistical analyses, the findings of the PLCO trial to date highlight an increased 

incidence associated with PSA-based and DRE screening; however, no statistically 

significant mortality benefit was evidenced after a 13 year follow-up period which is 

in contradiction to the findings of the ERSPC. (ibid) Figure 3.4 highlights the 

cumulative mortality at 13 years follow-up. Table 3.3 presents the results categorised 

by age, comorbidity status and number of PSA tests previous to PLCO enrolment 

and Table 3.4 outlines the key finding at 13 year follow-up. Subgroup analysis in the 

PLCO trial found no evidence of interaction across the screening arm of the trial and 

comorbidity status; this was believed to be a result of similar RR (RR= 0.99 no 

comorbidity group vs. RR=1.06 in the comorbidity group). (ibid)  

 

Figure 3.4 PLCO 13 year follow-up cumulative PCa mortality  

Source: Andriole et al, 2012 
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Table 3.3 PLCO PCa mortality results for men aged 55-74 

 Intervention Arm Control Arm   

Covariate No. of deaths 

(person-years) 

Deaths per 100,000 

person-years 

No. of deaths 

(person-years) 

Deaths per 100,000 

person-years 

RR (95% CI) P value 

(intervention) 

Age       

55-64 years 65 (276170) 2.35 54 (274314) 1.97 1.19 (0.83 to 1.72)  

65-74 years 93 (150807) 6.17 91 (151125) 6.02 1.02 (0.77 to 1.37) 0.81 

Modified Charlson score       

0 104 (299994) 3.47 100 (286992) 3.48 1.00 (0.76 to 1.31)  

≥ 1 44 (116404) 3.78 39 (114366) 3.41 1.11 (0.72 to 1.71) 0.68 

No. of pre-trial PSA tests       

0 80 (190214) 4.21 64 (179367) 3.57 1.18 (0.85 to 1.64)  

≥ 1 60 (190924) 3.14 59 (191082) 3.09 1.02 (0.71 to 1.46) 0.52 

Source: Andriole et al, 2012 

 

 

 

 

 



CHAPTER 3- A REVIEW OF PSA TESTING 

44 
 

Table 3.4 Key Points from PLCO results at 13 year follow-up 

1. The cumulative incidence of PCa, in the intervention and control arms were 

108.4 and 97.1 per 10,000 person-years, respectively, resulting in a statistically 

significant 12% relative increase in the intervention arm (RR = 1.12, 95% CI = 

1.07 to 1.17).  

2. The cumulative mortality rates from PCa were 3.7 and 3.4 deaths per 10,000 

person-years, respectively, resulting in a non-statistically significant difference 

between the two arms (RR = 1.09, 95% CI = 0.87 to 1.36) 

3. In subgroup analysis of age (55-64 and 65-74 years), comorbidity score (0 and 

≥1), and pre-trial PSA testing (0 and ≥1), there were no statistically significant 

interactions between trial arms.  

4. The PLCO trial had high levels of opportunistic screening in the control arm; 

45% of those randomly assigned had a least one PSA test in the three years 

preceding randomisation and PSA screening in the control arm was estimated to 

be 52% during the time period of the last round of screening in the intervention 

arm 

5. The PLCO trial evaluated the effect of adding organised annual PSA testing to 

opportunistic screening which is considered current practice; the results suggest 

there is no evidence that this additive mechanism will provide a health benefit. 

 

Table 3.2 and Table 3.4 summarised the key characteristics and findings of the two 

main trials, the ERSPC and the PLCO. These trials exhibit key differences in 

detection techniques and more notably comparators and so are not directly 

comparable. The ERSPC comparator of non-screening is not considered aligned with 

current practice and so can be seen to present a ‘best case’ scenario of what PSA 

testing may yield in a perfect world. Conversely, the PLCO added organised annual 

screening to opportunistic screening (current practice) to assess if any added benefit 

could be evidenced and therefore highlighting a more realistic example of the 

introduction of a population-based PSA testing programme in a jurisdiction with 

high opportunistic PSA usage where regulation possibilities may be limited.  

 

3.2.3 The Swedish Arm of the ERSPC 

 

The Göteborg trial, the Swedish component of the ERSPC, released details of 

14 year follow-up in 2010 and the results highlighted a higher mortality benefit than 

the most recent findings from the 13 year follow-up of the ERSPC. (Hugosson et al, 

2010; Schröder et al, 2014) The overall findings of the trial suggests that the number 
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needed to be invited (NNI) for screening (and therefore screened) was 293 men and 

the number needed to be diagnosed (NND) is 12 men in order to prevent one PCa 

death; these findings are more promising than the ERSPC 13 year follow-up NNI 

and NND estimates. (ibid) Figure 3.5 highlights the Göteborg trial enrolment and 

outcomes schematic at 14 years follow-up.  

 

Figure 3.5 Göteborg enrolment and outcomes  

Source: Hugosson et al, 2010 

 

A statistically significant benefit from PSA-based screening is evidenced 

after 14 years of follow-up in the Göteborg trial. The incidence RR for death from 

PCa was 0.56 (95% CI 0.39–0.82; p=0.002) in the screening compared to the control 

group; the incidence RR of attendees compared to the control group was 0.44 (95% 

CI 0.28–0.68; p=0.0002). (Hugosson et al, 2010) Figure 3.6 highlights the Nelson–
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Aalen estimates of cumulative PCa mortality over the 14 year follow-up highlighting 

continued increased benefit in the intervention group over time in keeping with the 

ERSPC 13 year follow-up findings, albeit much greater mortality benefits are 

witnessed in the Göteborg trial. The Swedish arm of the ERSPC screens more 

regularly (every two years instead of four) and men on average were younger; this 

may partially explain the increased mortality benefit evidenced. (ibid) Additionally, 

the increased mortality benefit from the 14
th

 year of follow-up, as highlighted in 

figure 3.6, may also play an important role in the degree of variation in mortality 

benefit across the ERSPC and the Swedish arm of the trial. Histological progression 

of PCa is slow and lead time, the time which PSA testing advances PCa diagnosis, 

varies considerable across the literature ranging from 3-12 years; therefore the longer 

the follow-up period the more accuracy in the interpretation of trial results. (Draisma 

et al, 2009; Etzioni et al, 2002; Leal et al, 2014) 

 

Figure 3.6 Göteborg 14 year follow-up cumulative PCa mortality 

 

Source: Hugosson et al, 2010 

 

Hugosson et al (2010) suggest that PSA-based testing for the detection of 

PCa may yield mortality benefits greater than screening programmes for breast and 

colorectal cancer. (ibid)  



CHAPTER 3- A REVIEW OF PSA TESTING 

47 
 

As approximately 5% of deaths among Swedish men are caused 

by prostate cancer, it is obvious that we so far have studied only 

the early effects of screening. If the relative risk reduction is 

sustained over time, the mortality reduction, even measured in 

terms of absolute risk reduction, may become important. (ibid) 

 

The differences evidenced in the Swedish component of the ERSPC compared to the 

overall European and US PLCO findings at 13 year follow-up are summed up in 

Table 3.5. The combination of more frequent screening rounds i.e. every two years 

compared to four, and the extra follow-up time are the key factors in the increased 

mortality benefit evidenced; that more early stage PCa was detected with a doubling 

of the screening strategy is intuitive.  

 

Table 3.5 Key Differences in the Göteborg results at 14 year follow-up 

1. Men in the Göteborg trial were on average younger than the other trials (median 

56 years at baseline) and so are less likely to have incurable PCa, therefore 

realising full benefits of early detection. 

2. PSA cut-off levels in the Göteborg trial were lower than most of the other 

branches of the ERSPC and the PLCO; DRE was also not used as a screening tool.  

3. The screening intervals in the Göteborg trial are every 2 years compared to every 4 

years in the ERSPC trial and annually in the PLCO. 

4. Compared to PLCO, the Göteborg trial had a much higher biopsy rate among men 

with a positive PSA test result (93%, vs. 30–40% in PLCO), a much lower rate of 

pre-trial PSA testing (estimated as 3% vs. 44% in PLCO) and potentially a lower 

rate of contamination in the control group. 

5. An extra year of follow-up is a key indicator of the difference across both the 

ERSPC and the PLCO; up to 10 years of follow-up, the Nelson-Aalen plot 

resembles the ERSPC at 11 years follow-up, suggesting that most of the benefit 

from screening occurs after 10 years in an increasing manner. 

6. With particular reference to the PLCO trial, the Göteborg findings at the 14 year 

follow-up highlights a significant mortality reduction and this may be explained 

by the high levels of pre-trial screening in the PLCO trial; without previous 

screening the potential for advantageous detection of aggressive cancers is 

possible.  

 

The distinct drivers of outcomes differences across the US and European trials in 

relation to a mortality benefit is unclear. The presence of contamination in the 
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control arm i.e. approximately half received opportunistic screening during the trial, 

in the US has the potential to diminish the mortality benefit; a further theory is 

distinct practice variation in follow-on treatment strategies for those diagnosed with 

PCa is leading to differences in mortality benefit. (Haines et al, 2013) 

 

3.2.4 Systematic Reviews and Meta-Analysis 

 

The PSA debate has been heavily influenced by the two large scale trials 

discussed in this section and their opposing findings. The Swedish component of the 

ERSPC is also of importance given the strength of the mortality benefit yielded over 

a longer follow-up period. Several other RCT’s are ongoing and Ilic et al (2013) 

documents the leading trials and their continued outcomes. (Ilic et al, 2013) The 

latest update used available evidence to provide a systematic framework from which 

a robust assessment of the benefits of PSA-based screening for PCa was undertaken. 

(ibid) Five RCTs with 341,342 men ranging from 45-80 years old were included in 

the Cochrane review on screening for PCa. (ibid) Risk of bias was assessed in each 

of the five trials by reviewing the trials conduct across the following six key criteria: 

 Randomisation; 

 Allocation concealment; 

 Blinding of participants (graded as yes, no, or unclear); 

 Blinding of outcome assessors (graded as yes, no, or unclear); 

 Completeness of the follow-up, i.e. description of any numbers of 

participants lost to follow-up (graded as yes, no, or unclear);  

 Whether or not an intention-to-screen analysis was performed (graded as yes, 

no, or unclear). (ibid) 

 

The ERSPC and PLCO trials were found to have low risk of bias in the majority of 

domains assessed while the Norrkoping, Stockholm and Quebec trials were found to 

have high risk of bias due to trial organisation features including allocation 
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concealment and sequence generation. Therefore, less weight was given to the 

conclusions of the latter trials within the meta-analysis. 

 

The results from the meta-analysis of the five trials (n=341,342) with a 

grading of moderate bias was a RR of 1 (95% CI: 0.86, 1.17) for PCa mortality and a 

RR of 1 (95% CI: 0.96, 1.03) for all-cause mortality (only 4 trials included 

(n=294,856)); therefore PSA testing had no impact on PCa or all-cause mortality. 

(ibid) Diagnosis of PCa statistically increases in the pooled screening arms when 

using four studies, RR of 1.3 (95% CI: 1.02, 1.65); a RR of 0.80 (95% CI: 0.73, 

0.87) yielding a significant reduction in the RR of advanced stage diagnosis is 

evidenced in the meta-analysis of three studies (n=247,954). (ibid) This review 

highlights that PSA-based screening increases early stage diagnosis, RR of 1.79 

(95% CI: 1.19, 2.7) where the survival rates are much higher than in the advanced 

stages; however overall, there is no evidence from the pooled analysis that highlights 

a PCa specific or all-cause mortality benefit from PSA-based screening. (ibid) The 

ERSPC follow-up period assessed for the meta-analysis was 11 years and updates 

from the authors, given the longer follow-up ERSPC data published in August 2014, 

may impact on future results. The authors conclude that a reduction in PCa specific 

mortality may take greater than ten years to be realised and so men with a life 

expectancy of less than 10 to 15 years should be given full information as to the 

benefits and harms associated with asymptomatic PSA testing; indeed all men should 

be fully informed before undertaking a PSA test. (ibid)  

A series of subgroup analyses were also performed by Ilic et al (2013). 

Firstly, PCa specific mortality according to age was examined; no significant 

difference in PCa specific mortality when men were screened from 45 years of age 

(RR 1.01; 95% CI: 0.76, 1.33), 50 years of age (RR 0.93; 95% CI: 0.69, 1.27), or 55 

years of age (RR 1.12; 95% CI: 0.92, 1.37) was found. (ibid) Secondly, an analysis 

using the ‘core age group’ from the ERSPC study (men aged 55 to 69 years) was 

examined; no significant difference in PCa specific mortality across any of the age 

groups was found. (ibid) Adopting all-cause mortality as the outcome measure, a 

sub-group analysis of the ERSPC ‘core age group’ highlighted a significant 
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difference to that of men aged 50 years and over, in the Norrkoping study alone (RR 

1.38; 95% CI: 1.06, 1.79); however the Norrkoping study had a high risk of bias due 

to study design and uncertainty about incomplete outcome data which may explain 

this disparity. (ibid) Data on patient characteristics were not available across all 

studies and so sub-group analysis controlling for these were not possible; no study 

included in the review reported subgroup analysis of ethnicity. QoL
1
 and resource 

utilisation data were also not available for the studies reviewed; however further 

developments in this area are underway.  

The evidence accumulated to date reported by Ilic et al (2013) informs 

international guidance on PSA testing which varies across jurisdictions. Although 

the EUA find evidence from the latest follow-up of the ERSPC promising, the PLCO 

continued absence of mortality benefit cannot be ignored. Ilic et al (2013) also 

summarise that the studies reviewed vary considerably in their design, screening 

strategies, frequencies of screening, PSA cut-off thresholds and statistical 

methodology; thus, the strength of the pooled estimates reported may be considered 

weak. (ibid) Guidance however, is not solely constructed on the findings of trial 

data; current practice across jurisdictions as well as public opinion and the gravity of 

incidence trends over time are key factors when releasing guidance documents. In 

the next section, international guidance from four key stakeholders is reviewed; the 

aim of which was to highlight the variation of practice guidance across jurisdictions.   

 

3.3 International Guidance on PSA Testing 

 

International guidance is governed in general by the evidence reviewed in 

section 3.2. In this section a summary of the four leading sources of International 

guidance on PSA testing for PCa namely, the European Urology Association (EUA), 

the American Urology Association (AUA), The Unites States Preventive Services 

Task Force (USPSTF) and The Melbourne Consensus Statement is presented.  

                                                           
1
 Ilic et al (2013) highlights quality of life results from two participating sites in the ERSPC trial but 

suggests due to the modelling methodology, these results should be interpreted with caution. 
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3.3.1 European Urology Association  

 

In April 2014, the EUA updated the previous guidance issued on PCa 

detection. (Heidenreich et al, 2014) Citing the stark variation in PCa incidence and 

mortality across Europe, significant increases in 5 year PCa survival rates and lack of 

‘level 1 evidence’ highlighting a significant mortality benefits from PSA testing, the 

EUA have released guidance informed by several sources including the latest 

available updates to the Cochrane review, the ERSPC and PLCO trials as well as 

recent publications on international incidence, prevalence, and mortality. (Andriole 

et al, 2012; Boniol et al, 2013; Droz et al 2014; Etzioni et al, 2013; Heijnsdijk et al, 

2012; Hugosson et al, 2010; Ilic et al, 2013; Kamangar et al, 2006; Loeb et al, 2006; 

Loeb et al, 2013; Schröder et al, 2012; Vasarainen et al, 2013; Vickers et al, 2013). 

The following is a summary of the recommendations based on international 

guidance: 

1. An individualised risk-adapted strategy for early detection might be 

offered to a well-informed man with a good performance status (healthy) 

and at least 10-15 years of life expectancy. 

 

2. Early PSA testing in men at elevated risk of having PCa: 

 men over 50 years of age 

 men over 45 years of age and a family history of PCa 

 African-Americans 

 men with a previous PSA level of  >1 ng/mL at 40 years of age 

 men with a previous PSA level of  >2 ng/mL at 60 years of age 

 

3. A risk-adapted strategy might be considered (based on initial PSA level), 

which may be every 2 years for those initially at risk, or postponed up to 

8 years in those not at risk. 

4. The age at which early diagnosis of PCa should be stopped is influenced 

by life expectancy and performance status; men who have less than 15-

year life expectancy are unlikely to benefit based on the PIVOT and the 

ERSPC trials. (Schröder et al, 2012; Wilt et al, 2012) 
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The EUA guidance also clearly outlines the clinical risks associated with low PSA 

levels highlighted in Table 3.6. Further detail on clinical features of PCa is presented 

in Chapter 5 and in the glossary in Appendix 1. The guidance concludes that mass 

screening is not indicated based on the evidence. 

 

Table 3.6 EUA guidance on PCa risks, associated with low PSA tests 

PSA level (ng/ml) Risk of PCa (%) Risk of Gleason grade  ≥ 7 PCa (%) 

 

0.0 - 0.5 6.6 0.8 

0.6 - 1.0 10.1 1.0 

1.1 - 2.0 17.0 2.0 

2.1 - 3.0 23.9 4.6 

3.1 - 4.0 26.9 6.7 

Source: Mottet et al, 2014 
 

3.3.2 American Urological Association  

 

In May 2013, the AUA issued an update on the guidance for PSA testing for 

PCa. The recent update was guided by a robust evidence review conducted by a 

panel of experts and differed from previous guidelines constructed using consensus 

opinion as the updated guidance adopted systematic and evidence-based approaches. 

The AUA conducted an extensive peer review process and the initial guidelines 

drafted were distributed to 52 peer reviewers, 25 of which responded with 

comments. (AUA, 2013) The AUA highlighted the benefits associated with framing 

the guidance around the Ilic et al (2013) Cochrane review including, the provision of 

systematic rating and clear interpretation of the RCTs pooled evidence, therefore 

facilitating statements that are aligned with the available evidence. Dr. H. Ballentine 

Carter who acted as chair on the guidance panel states,  
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The randomised controlled trials are more mature at this point and 

there is more data available today than there was in 2009. It’s 

time to reflect on how we screen men for prostate cancer and take 

a more selective approach in order to maximise benefit and 

minimise harms. (AUA, 2013) 

 

The following guidance was issued by the AUA in relation to PSA testing: 

1. PSA screening in men under age 40 years is not recommended. 

2. Routine screening in men between ages 40 to 54 years at average 

risk
2
 is not recommended. 

3. For men ages 55 to 69 years, the decision to undergo PSA screening 

involves weighing the benefits of preventing PCa mortality in 1 

man for every 1,000 men screened over a decade against the known 

potential harms associated with screening and treatment. For this 

reason, shared decision-making is recommended for men age 55 to 

69 years that are considering PSA screening, and proceeding based 

on patients’ values and preferences. 

4. To reduce the harms of screening, a routine screening interval of 

two years or more may be preferred over annual screening in those 

men who have participated in shared decision-making and decided 

on screening. As compared to annual screening, it is expected that 

screening intervals of two years preserve the majority of the 

benefits and reduce over-diagnosis and false positives. 

5. Routine PSA screening is not recommended in men over age 70 or 

any man with less than a 10-15 year life expectancy. 

 

The AUA also suggested that several areas needed further clarity for the 

formation of more robust guidelines. (ibid) Evidence gaps were highlighted 

as follows: 

                                                           
2
 The AUA suggest that for men younger than age 55 years at higher risk (e.g. positive family history 

or African American race), decisions regarding PCa screening should be individualized. 
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 Data are needed to clarify the harm/benefit balance of screening in 

men younger and older than those enrolled in the available 

randomised trials.  

 Even for the age groups enrolled, critical outcomes, such as over-

diagnosis and the additional number needed to treat, are not easily 

estimated from empirical trial data.  

 Data on the harm-benefit balance are needed in men with varying 

spectra of family history of PCa and men from various ethnicities 

and with other known risk factors of developing the disease.  

 Outcomes of newer screening tests used in combination with PSA 

need to be determined.  

 Men contemplating screening will need outcome data based on 

follow-up that exceeds the 10 year horizon currently available in the 

literature. 

 

3.3.3 U.S. Preventive Services Task Force  

 

The current recommendation of the USPSTF was issued in May 2012 and the 

recommendation was against PSA testing for the detection of PCa. USPSTF Co-

chair Michael LeFevre, M.D., M.S.P.H. stated: 

Prostate cancer is a serious health problem that affects thousands 

of men and their families. But before getting a PSA test, all men 

deserve to know what the science tells us about PSA screening: 

there is a very small potential benefit and significant potential 

harms. We encourage clinicians to consider this evidence and not 

screen their patients with a PSA test unless the individual being 

screened understands what is known about PSA screening and 

makes the personal decision that even a small possibility of 

benefit outweighs the known risk of harms. (USPSTF, 2012) 

 

The 2012 recommendation replaces the 2008 guidance suggesting that PSA-based 

screening should not be performed in, “men aged 75 years and older and concluded 
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that the evidence was insufficient to make a recommendation in younger men.” (ibid) 

The most recent update concludes that many men are harmed as a result of PCa 

screening with few achieving benefits i.e. the benefits of screening do not outweigh 

the harms. The USPSTF recommend against the asymptomatic screening of men for 

the secondary prevention of PCa until a better screening mechanism is available. 

(ibid) Although concerns for PCa mortality have been presented to the USPSTF and 

saving lives is of the utmost importance, the current mechanism adopted for 

screening of PCa i.e. PSA testing, which results in over-diagnosis and overtreatment, 

is not considered effective and so is not thought to be a solution at present; this was 

also evidenced in the latest findings from the PLCO and ERSPC trials. Therefore the 

issue for the USPSTF is the detection mechanism and the follow-on harms 

associated with PCa diagnosis compared to living undiagnosed with PCa. The 

USPSTF have included the following summary table (Table 3.7) in their 

recommendation to be disseminated in the decision-making process which is 

recommended previous to a PSA test being performed. (ibid) The recommendations 

do not include individual guidance for those with increased risk-factors i.e. African-

Americans.  

Table 3.7 USPSTF PSA-based screening for PCa 

Why not screen for prostate cancer? 

Screening may benefit a small number of men but will result in harm to many others. 

A person choosing to be screened should believe that the possibility of benefit is more 

important than the risk for harm. The USPSTF assessment of the balance of benefits and harms 

in a screened population is that the benefits do not outweigh the harms. 

What are the benefits and harms of screening 1000 men aged 55-69 yrs with a PSA test 

every 1-4 yrs for 10 years? 

Possible benefit of screening Men, n 

Reduced 10-yr risk for dying of PCa 

Die of PCa with no screening 

Die of PCa with screening 

Do not die of PCa because of screening 

 
5 in 1000 

4-5 in 1000 

0-1 in 1000 
Harms of screening 

At least 1 false-positive screening PSA test result 

Most positive test results lead to biopsy. Of men having biopsy, up to 

33% will have moderate or major bothersome symptoms, including 

pain, fever, bleeding, infection, and temporary urinary difficulties; 1% 

will be hospitalised. 

100-120 in 1000 
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PCa diagnosis 

Although a diagnosis of PCa may not be considered ‘a harm’, currently 

90% of diagnosed men are treated and, thus, are at risk for the harms of 

treatment. A large majority of the men who are being treated would do 

well without treatment. A substantial percentage of these men would 

have remained asymptomatic for life. 

110 in 1000 

Complications of treatment (of those who are screened) 

Develop serious cardiovascular events due to treatment 

Develop deep venous thrombosis or pulmonary embolus due to 

treatment 

Develop erectile dysfunction due to treatment 

Develop urinary incontinence due to treatment 

Die due to treatment 

 

2 in 1000 

1 in 1000 

 

29 in 1000 

18 in 1000 

<1 in 1000 

 

 

3.3.4 The Melbourne Consensus Statement on the Early Detection of Prostate 

Cancer 

 

 Themes across current guidance echo that PSA testing is inefficient and 

therefore should not be widely used in asymptomatic men; however, in countries 

where PSA testing is used, PCa mortality rates are decreasing and survival rates are 

increasing. (Drummond et al, 2010; Schröder et al, 2014) Due to international 

guidance conflicting with international practice causing a state of confusion for 

clinicians and patients, a consensus statement was constructed at the Prostate Cancer 

World Congress held in Melbourne in August 2013. The world’s leading experts on 

PCa used both available evidence and extensive experience to construct The 

Melbourne Consensus Statement. (Murphy et al, 2014) The aim of this statement 

was to provide better clarity for all parties in the decision making process. The 

following are abridged segments of the five consensus statements: 

Consensus Statement 1: For Men Aged 50–69 Years, Level 1 Evidence Shows that 

PSA Testing Reduces the Incidence of Metastatic Prostate Cancer and Prostate 

Cancer-Specific Mortality Rates  

 Statistical modelling studies of ERSPC data have reported that with steady-

state application of the ERSPC protocol, that the prostate cancer-specific 

mortality benefit would reach 67% reduction at the beginning of 12 years 

follow-up. The extent of over-diagnosis and overtreatment decreases 
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considerably with longer follow-up, such that the numbers needed to screen 

(293) and numbers needed to treat (12) to avert one prostate cancer death, 

compare very favourably with screening for breast cancer. (ibid) 

 

Consensus Statement 2: Prostate Cancer Diagnosis Must be Uncoupled from 

Prostate Cancer Intervention 

 Active surveillance protocols have been developed and have been shown to 

be a reasonable and safe option for many men with low-volume, low-risk 

prostate cancer. While it is accepted that active surveillance does not 

address the issue of over-diagnosis, it does provide a vehicle to avoid 

excessive intervention. (ibid) 

 

Consensus Statement 3: PSA Testing Should Not Be Considered on Its Own, But 

Rather as Part of a Multivariable Approach to Early Prostate Cancer Detection 

 PSA is a weak predictor of current risk and additional variables, e.g. age, 

ethnicity, family history, medical history, DRE findings, prostate volume, risk 

prediction models and new tools, such as the Prostate Health Index (phi) test 

and prostate cancer antigen 3 (PCA3) test, can help to better risk stratify 

men, potentially reducing over-diagnosis and overtreatment of indolent 

prostate cancer. (ibid) 

 

Consensus Statement 4: Baseline PSA Testing for Men in Their 40s is Useful for 

Predicting the Future Risk of Prostate Cancer and Its Aggressive Forms 

 Although these men were not included in the two large randomised trials, 

there is strong evidence that men may benefit from the use of PSA testing as a 

baseline to aid risk stratification for their likely future risk for developing 

prostate cancer, including clinically significant prostate cancer. (ibid) 
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Consensus Statement 5: Older Men in Good Health with a >10-year Life 

Expectancy Should Not Be Denied PSA Testing Based on Their Age 

 Men should be assessed on an individual basis rather than applying an 

arbitrary chronological age beyond which testing should not occur. This is 

based on improved life expectancy internationally; men who live to 70 years 

in Australia have a 15 year life expectancy. (ibid) 

 

The collection of experts agree that abandoning the PSA test will see a reversal of 

the proportions of men presenting with advanced PCa i.e. these numbers will 

increase, resulting in poorer survival outcomes regardless of continuing innovation 

in treatment modalities. (ibid) The Melbourne Consensus Statement reflects a more 

pragmatic approach based on evidence, experience and incontestable clinical benefits 

i.e. PSA testing does signal PCa and affords the opportunity for early detection. 

However yielding an overall benefit to the individual is based on disentangling the 

PSA test from overtreatment and the harms therein, the consensus does not fully 

address how in practice this would work and so may be looking at the issue 

narrowly. (ibid)   

 

3.3.5 An International Consensus? 

 

 The international guidance outlined in this section is the most up to date and 

highlights the various stances on use of PSA testing as a screening mechanism for 

PCa. The collection of international guidance employs clinical understanding of the 

effectiveness of PSA testing based on all evidence available, including expert 

opinion in the case of the Melbourne Consensus Statement collaborators. However, 

it is evident that the guidance reviewed is influenced by jurisdictional practice; the 

AUA and USPSTF recommendations were guided by the PLCO outcomes and the 

results of the Cochrane review, while the EUA guidance incorporated both these 

sources of evidence but also included evidence from the trials included in the 

ERSPC. The guidance is also reported in different structures, with some more open 
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to interpretation than others. The Melbourne Consensus has not only incorporated 

evidence from international trials but also has recommended strategies, the outcomes 

of which are not fully understood i.e. baseline PSA testing in men in their 40’s; this 

particular consensus statement is directly at odds with the USPSTF recommendation. 

Across the collection of international guidance the notable causes of concern are the 

harmful effects of over-diagnosis i.e. biopsy complications and overtreatment 

practices. These issues have become more prominent in recent years as the 

consequences of overtreatment are more robustly documented. The Melbourne 

Consensus, although seemingly the most permissive guidance reviewed, highlights 

the importance of uncoupling PCa detection and diagnosis with PCa interventions; 

this is an important element which could be developed and assessed further in 

ongoing and future trials.  

Regardless of international guidance, individual jurisdictions also need to 

assess the economic impact of current practice and the guidance underpinning this. 

In particular, the economic burden of follow-on care, post-diagnosis due to increased 

incidence, has become a key area of focus in healthcare systems currently under 

reform. The next section assesses available evidence on economic evaluations of 

PSA testing for PCa prevention. 

 

3.4 Cost-Effectiveness Analysis of PSA Testing 

 

The evidence from the international trials as well as the international 

guidance highlights issues with clinical effectiveness when using PSA-based 

screening for the secondary prevention of PCa; however information on the cost and 

QoL implications are also beneficial to the decision maker. CEA highlights the ratio 

of increased cost of the screening test compared to the increased benefit in terms of 

survival gains relative to a comparator i.e. no screen. CUA weights the survival gains 

using quality adjustments i.e. life years saved from a screening mechanism can be 

weighted to represent quality-adjusted life years (QALYs), consistent with an extra-

welfarist approach. A CUA, which is a type of CEA, provides measures that are 

more readily compared across a range of interventions providing further guidance on 
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the impact of an intervention relative to other interventions. (Gray et al, 2011) Given 

the clinical ambiguity of PSA testing discussed in the previous sections, results from 

CEA’s and CUA’s can aid in distinguishing the elements driving uncertainty and 

therefore highlight important factors for consideration. (Chilcott et al 2010, Leal, 

2010) Several CEA’s have been undertaken internationally to assess the cost-

effectiveness of PSA testing; with most developed countries undertaking an 

assessment of cost-effectiveness for screening mechanisms for PCa in their own 

jurisdiction. It was decided to restrict reviews of existing CEA’s to the UK because 

care pathways in Ireland are heavily influenced by those in the UK and thus similar 

model structures could be expected to apply. That access to those who had developed 

the UK models would be greater and with it the opportunity to clarify any issue 

regarding them was an added benefit but not a key determinate of this decision. The 

literature search produced two evaluations in the UK, both carried out in 2010, a 

period where the controversy around widespread PSA testing had peaked 

internationally; one of these evaluations was updated to reflect new evidence in 

2013. (Chilcott et al, 2010; Hummel et al, 2013; Leal et al, 2010) Both UK studies, it 

emerged were heavily influenced by models developed by Dr. Ruth Etzioni, it was 

therefore decided to extend the inclusion of more recent CEA analyses undertaken 

by her. One published in early 2014 was identified highlighting the most up to date 

estimates of cost-effectiveness in British Columbia using extensions of 

methodologies from the UK analyses. Therefore, the CEA’s reviewed were from two 

relevant jurisdictions with large populations of low-risk men that incorporated the 

most up to date modelling methodologies as well as clinical evidence.  

 

3.4.1 The Oxford Cost-Effectiveness Analysis of PSA Testing 

 

 In 2010, a CEA of PSA testing for the secondary prevention of PCa was 

undertaken reflecting current practice in the UK. (Leal, 2010) The decision analytic 

framework adopted evidence synthesis which is discussed in-depth in Chapter 7. 

The multi-parameter evidence synthesis (MPES) approach adopted, “enables more 
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complex structures and includes more parameters than the traditional approach
3
.” 

(ibid) PSA testing of healthy men aged 50 to 69 was compared with current practice, 

i.e. no organised PSA-based screening
4
. The following screening rounds were 

assessed based on both national and international guidance and the ERSPC: 

o Screening once off at age 50 years 

o Screening once off at age 55 years 

o Screening once off at age 60 years 

o Screening once off at age 65 years 

o Screening every 5 years from age 50-69 years 

Health outcomes were measured in life years saved (LYS) only and so a CUA was 

not performed; a 3.5% discount rate was applied to both costs and benefits.  

Results suggest once-off screening may be cost-effective up to age 60.  The 

incremental cost-effectiveness ratio (ICER) of screening compared to current 

practice ranged between £18,472 and £40,849 (2009 £) depending on the age at 

which screening occurred; screening at younger ages was more cost-effective than 

screening at older ages i.e. screening at 50 years was the most cost-effective 

outcome. This reflects life years saved (LYS) from early diagnosis as costlier 

treatments are associated with advanced PCa; QoL was not assessed in this CEA and 

so ICERs only reflect life years. The expected value of perfect information (EVPI), a 

method facilitating quantification of the cost associated with the absence of available 

information i.e. the presence of uncertainty, was estimated at approximately £10 

million at the NICE threshold of £20,000 per LYS. (Briggs et al, 2006) This 

represents that maximum WTP by the payer for further information given the 

uncertainty identified in the model. (ibid) Therefore, before considering adopting a 

population-based screening programme, the size of the EVPI indicates whether 

further research is needed and feasible based on the level of uncertainty across all 

parameters; some refer to EVPI as the cost of making the wrong decision (this is 

discussed further in Chapter 7). (Briggs et al, 2006; Gray et al, 2011) In this case, 

                                                           
3
 Traditional approaches include more basic methodologies and in the absence of available data 

proxy’s informed by the literature may be incorporated for necessary parameters thus increasing 
parameter uncertainty. 
4
 Current practice included opportunistic screening either requested by the individual or offered by 

the GP/ healthcare provider. 
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£10 million is a significant amount, and therefore highlights further research is 

needed. Based on the variation in ICERs evidenced in the extensive series of 

scenario analyses
5
 and high estimated EVPI, further research was suggested in this 

area previous to introducing a PSA-based screening programme in England. In the 

analysis of covariance (ANCOVA) performed
6
, the drivers of uncertainty in costs 

were long term complications of treatment and sensitivity of clinical diagnosis; the 

main driver of uncertainty in effectiveness was sensitivity of screening. Therefore 

concerns cited across the literature for PCa over-diagnosis and overtreatments as a 

result of PSA testing were also highlighted in this analysis. The importance of this 

CEA was the departure from mainstream modelling methods and the assessment of 

usefulness of evidence synthesis methods in an area where limited availability of 

evidence substantially contributed to uncertainty. This is discussed further in 

Chapter 7. 

 

3.4.2 The ScHARR Cost-Effectiveness Analysis of PSA Testing 

 

In 2009, a model produced by Chilcott et al, estimated the cost-effectiveness 

of PSA testing for PCa in the UK; this model was updated in 2013 by Hummel et al, 

with further available evidence. The methodology comprises of two components: “a 

model of prostate cancer natural history and screening and a screening impact 

model.” (Hummel et al, 2013) A patient simulation approach was replaced in the 

updated model by a cohort structure allowing, “more robust Bayesian calibration of 

the disease natural history model.” (ibid) For this reason, the updated approach is 

more consistent with the Oxford model methodology which is grounded in Bayesian 

calibration. Four screening rounds, informed by the international literature, using 

PSA testing were assessed in comparison to no screening:  

o Single screen at age 50 years 

o Screening every four years from age 50 to 74 years 

                                                           
5
 Scenario analysis included adjusting discount rates, adjusting RR of mortality from screening based 

on published estimates and adjusting duration of follow-up and complications. 
6
 ANCOVA is analysis of proportion of sum of squares for incremental life years saved (LYS) and 

incremental costs explained by the uncertainty in the model inputs. 
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o Screening every two years from age 50 to 74 years 

o Screening every year from age 50 to 74 years 

 

The cut-off age for benefiting from a PSA test was older in the ScHARR model than 

in the Oxford model, 74 years compared to 70 years, respectively. Due to previous 

evidence of uncertainty in PSA sensitivity, the model was calibrated to a range of 

different sensitivities including 0.4, 0.6 and 0.8 for local PCa. (ibid) The model also 

included treatment arms post-diagnosis in the modelling structure. The analysis used 

utility decrements associated with a range of disease and treatment-specific adverse 

events i.e. sexual dysfunction, urinary incontinence, bowel complications and 

hormone-refractory metastatic PCa (utilities were derived from a literature meta-

analysis), and discounted costs and benefits at 3.5% in accordance with NICE 

guidance. (ibid) 

The results of the analysis highlight a one-off screen at age 50 years has a 

minimal impact on long term PCa incidence; however, more intensive policies can 

be effective in the early identification of cancer. (ibid) The ScHARR model found 

marginal increases in PCa detection were evidenced in moving to annual screening 

rounds. (ibid) The analysis also highlighted that “early detection is estimated to lead 

to a stage shift in cancers, with a fourfold reduction in metastatic cancers and more 

than doubling of local cancers.” (ibid) The authors did not report ICERs in this 

analysis (as in all analysis the screening programmes were dominated i.e. screening 

was less effective or more costly in all scenarios and so was dominated by the no 

screening comparator) and instead report total additional costs; a once-off screening 

policy at age 50 was £58 million (2012 £) and this increased to £1 billion (2012 £) 

for an annual screening rounds. (ibid) In relation to outcomes, all screening rounds 

resulted in a QALY loss compared to baseline; a reduced discount rate (1.5%) for 

benefits in sensitivity analysis continued to highlight a negative incremental QALY 

gain for all screening models compared to no screening. (ibid) The authors suggest 

that in all scenarios assessed, the harms of treatment outweigh the benefits. (ibid) 

Therefore, due to the substantial increased costs with implementation of a 

population-based screening programme and the negative impact on outcomes based 

solely on adverse events from treatment, PSA-based screening for PCa is not deemed 
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cost-effective and therefore not recommended based on the evidence presented. 

(ibid) Additionally, a once-off screening scenario resulted in 35-45% lifetime over-

diagnosis depending on which screening sensitivity scenario was adopted. (ibid) 

Although building on the capabilities of the CEA undertaken by Leal (2010) by 

including treatment pathways and utility weightings, the series of analyses was 

somewhat limited by the assumptions made for a number of pivotal parameters i.e. 

sensitivity of screening, clinical detection and utilities due to lack of available data.  

The Oxford model arguably included a more effective range of screening scenarios 

compared to the ScHARR models scenarios which were limited by both age of start 

of screening and the frequency of screening rounds used.  

 

3.4.3 The Vancouver Cost-Effectiveness Analysis of PSA Testing- FHCRC Model 

 

The most recent CEA of PSA testing published in a jurisdiction with 

similarities to the UK and the RoI is a study published in 2014 using micro-

simulation methods to assess cost-effectiveness in British Columbia. A multi-

disciplinary, international team including Dr. Ruth Etzioni, leader in the area of PCa 

detection, evaluated both a CEA and a CUA for PSA-based screening for PCa for 

men aged 40 to 74 years using a model developed in the Fred Hutchison Cancer 

Research Centre (FHCRC). (Pataky et al, 2014) The investigators incorporated a 

combination of 14 screening strategies which included initial PSA level follow-up 

screening strategies for men with above age-adjusted median PSA results in the first 

screening round. (ibid) The screening rounds included: 

o Single screen at age 50 years, 

o Single screen at age 60 years 

o Single screen at age 70 years 

o Screening every four years from age 55 to 69 years 

o Screening every four years from age 50 to 74 years 

o Screening every two year from age 40 to 74 years. 

o Screening every two year from age 50 to 69 years 

o Screening every two year from age 50 to 74 years 

o Screening every two year from age 55 to 74 years 

o Screening every two year from age 60 to 74 years 

o PSA-based adaptive screening rounds 
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Using a micro-simulation approach, a cohort of men aged 40 years were followed to 

90 years and in order to reflect the effect of PSA testing on PCa incidence, 

“simulated PSA screening histories and observed biopsy compliance rates were 

applied to the model to identify men with screen-detected cancers.” (ibid) Costs and 

benefits were discounted at 3.5%.  

 The analysis carried out improves on all other CEAs for PSA testing across 

the literature to date, primarily due to the extensive screening rounds (and the 

inclusion of adaptive PSA level rounds and age-specific PSA thresholds) the range 

of sensitivity analyses evaluated, the reporting of CEA and CUA results as well as 

calibrating the model with regionally representative data. Cost-effectiveness of PSA 

testing compared to no screening ranged between $27,000 and $54,000 per LYS 

(2010 $); screening every two years from age 40 to 74 years was the most effective 

but the least cost-effective at $588,300 per LYS. (ibid) With a WTP threshold of 

$50,000 per LYS, screening every 4 years from age 55 to 69 years is considered 

cost-effective in this analysis; however this is previous to a utility adjustment i.e. this 

is from the results of the CEA and not the CUA. (ibid) The authors’ state:  

After utility adjustment, all screening strategies, regardless of age 

range or frequency, resulted in a loss of QALYs; higher frequency 

screening strategies in older men resulted in the largest QALY 

losses. (ibid) 

Further analyses adopting best case/ worse case scenarios and multiple strategies 

regarding utility adjustment yielded minimal QALY gains.  

The most effective screening strategy was screening every 4 years 

from age 50 to 74 years with a PSA threshold of 4ng/ml for men 

over 70 years, giving an additional 0.0013 QALYs over no 

screening. This strategy and a single screen at age 60 years, 

followed by a screen at age 65 years for men with PSA above the 

median, were the two most cost-effective strategies in the best 

case scenario, but both ICERs were over $300,000/QALY. (ibid) 
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The results were also sensitive to discounting adjustments i.e. higher discount rates 

resulted in higher ICERs. (ibid) 

The authors cite several limitations of their analysis including constraints in 

the modelling framework which did not facilitate assessing the impact of varying the 

mortality risk on cost-effectiveness. (ibid) Additionally and perhaps the most 

noteworthy limitation, the simulated no screening strategy, “acts as a counterfactual 

for this analysis and does not necessarily reflect current experience, where men have 

widespread access to screening despite the absence of organised programmes.” 

(ibid) Thus comparing PSA screening rounds to the absence of PSA screening and 

dismissing the role of non-organised/ opportunistic PSA screening which is in effect 

‘current practice’ may provide misleading results. As is the case with the ERSPC, 

the RR highlighted in the 13 year follow-up yields a mortality benefit. However the 

control group in the ERSPC are considered to be non-screened. Therefore, a 

comparator based on the absence of screening may exaggerate the mortality benefit 

and so the ICERs under a CEA framework may be more cost-effective than the use 

of ‘current practice’ comparator; however this is based on assumptions around 

clinical detection rates and the overall model structure. Therefore caution is needed 

in the interpretation of ICERs. 

Similarly, utility values incorporated for the different health states in the 

model are based on the literature and several assumptions, and so QALYs should be 

interpreted with caution. Results across analyses with and without QoL adjustments 

vary considerably and suggest, “that the screening decision is not straightforward 

and is sensitive to utility weights.” (ibid) In concluding, the authors suggest that if 

QoL was not considered, low frequency PSA-based screening may be cost-effective 

dependent upon the WTP threshold in place. (ibid) In keeping with the findings of 

the literature and previous CEAs reviewed, the focus of future research, as identified 

by the authors, should be in the area of addressing and moderating over-diagnosis 

and overtreatment. The results from the FHCRC model confirm some of the key 

findings of both the Oxford and ScHARR models.  
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3.5 Summary of the Evidence 

 

The aim of this chapter was to review the most up to date clinical 

effectiveness, international guidance and economic evaluations for PSA testing for 

detection of PCa. A summary of the RR of mortality from PSA testing is presented 

in Table 3.8. The trials reviewed in the first section as well as the evidence sourced 

from the Cochrane review have highlighted a wide range of relative effectiveness of 

screening ranging from a statistically significant 0.56, to a non-significant 1.10 at the 

longest follow-ups. (Hugosson et al, 2010; Kjellman et al, 2009) Both meta-analyses 

estimate a non-significant impact on PCa mortality from PSA testing with the 

Cochrane review finding the RR equates to 1. (Djulbegovic et al, 2010; Ilic et al, 2013)  

 

Table 3.8 Effectiveness of PSA testing- RR of PCa mortality 

RR of PCa 

Mortality (95% CI) 

Source Follow-

up Time 

Screening 

Interval 

Author 

0.80 (0.67-0.95) ERSPC Trial 9 Years 4 Years Schröder et al, 2009 

0.78 (0.66-0.91) ERSPC Trial 11 Years 4 Years Schröder et al, 2012 

0.79 (0.69-0.91) ERSPC Trial 13 Years 4 Years Schröder et al, 2014 

0.73* (0.61-0.88) ERSPC Trial 13 Years 4 Years Schröder et al, 2014 

1.11 (0.83-1.50) PLCO Trial 7 Years Annual Andriole et al, 2009 

1.09 (0.87-1.36) PLCO Trial 13 Years Annual Andriole et al, 2012 

0.56 (0.39-0.82) Göteborg  

(ERSPC branch) 

14 Years 2 Years Hugosson et al, 2010 

1.10 (0.83-1.46) Stockholm Trial 13 Years Once-off Kjellman et al, 2009 

0.88 (0.71-1.09) Meta-analysis Varied Single- 4 Years Djulbegovic et al, 2010 

1.00 (0.86-1.17) Meta-analysis Varied Single- 4 Years Ilic et al, 2013 

*ERSPC RR after adjustment for non-participation 

 

International guidance has been summarised throughout this chapter and 

across all guidance reviewed, there is not enough evidence for a recommendation to 

adopt a population-based screening programme to date; the findings of the Cochrane 

meta-analysis suggest PSA testing has no impact on PCa or all-cause mortality. 

Strong evidence that men may benefit from the use of PSA testing as a baseline to 
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aid risk stratification for their likely future risk of developing PCa, guided the 

construction of the Melbourne Consensus Statement. Concerns remain around the 

over-diagnosis and overtreatment issues which partly arise due to the sensitivity and 

specificity limitations of the PSA test. If decision-makers can develop protocols to 

mitigate these leading concerns, the use of PSA testing for PCa detection may result 

in a positive net benefit.  

Cost-effectiveness studies reviewed have individual strengths and 

weaknesses based on the modelling frameworks adopted. The face validity of these 

modelling frameworks can be assessed by an assessment of the results produced, 

including sensitivity analyses as well as by a comparison of their results with those 

produced by others in this area.  When using a purely cost-effective framework with 

life year’s gained/ saved as the outcome measure, both the Oxford and FHCRC 

model’s highlight cost-effectiveness depending on the WTP threshold in place; the 

Oxford model highlighting wide variation around this by varying the RR of PCa 

mortality as reported in the Ilic et al (2013) meta-analysis, and the FHCRC model 

highlighting wide variation in estimates of cost-effectiveness by providing a more 

comprehensive and individualised set of screening scenarios. The modelling 

assumptions and scenario analyses may have varied considerably but the outcomes 

reported are comparable and consistent across both models. The ScHARR and the 

FHCRC models are consistent when highlighting the outcome-dependent variation in 

ICERs reported under CUA framework. When both studies incorporated QALYs as 

an outcome measure, all basecase scenarios were dominated (i.e. QALYs are 

reduced for men undergoing a PSA test compared to men who do not), which in turn 

highlights the extent to which over-diagnosis and overtreatment and the uncertainty 

therein, provides challenges to decision makers. Both studies incorporated a range of 

disutilities associated with treatments for PCa patients; the stronger the disutility, the 

larger the negative ICERs reported, which is intuitive and adds to the face validity of 

the model.  In fact, all three models agreed that previous to the implementation of 

any PSA-based screening programme, further research is needed in the area of 

treatment practices and QoL. As none of the models allowed comparison of results 

with observed behaviour following introduction of the systems advocated, it was not 

possible to externally validate their results. In fact, to date there is no national PCa 
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screening programme using PSA testing in operation in any country. CEA, including 

a CUA, undertaken in Chapter 7 attempted to improve on the analyses reviewed by: 

 Extending screening rounds used in the ScHARR and Oxford Models;  

 Using a ‘current practice’ comparator derived from populated-based clinical 

incidence reflective of the Irish jurisdiction; 

 Incorporating Irish-specific PCa utility data collected as part of this project; 

 Incorporating Irish-specific resource use and costs data collected as part of 

this project; 

 Including a detailed range of scenario analysis including varying the RR of 

mortality. 

 

These adjustments individually improve on elements that were cited as limitations in 

the CEA’s reviewed and collectively provide a comprehensive decision analytic 

structure to assess the cost-effectiveness of PSA-based screening in the RoI. In 

Chapter 4 an investigation into individual and environmental factors in the uptake of 

PSA testing in the RoI and across Europe is presented. The purpose of undertaking 

these analyses was to assess what is driving current practice, the comparator of the 

CEA, in order to understand how best the findings from the CEA in Chapter 7 might 

be used in formulating pragmatic policy responses outlined in Chapter 8.   
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Chapter 4: An Examination of Variations in Uptake of Prostate 

Specific Antigen Testing 

 

4.1 Introduction 

   

 In order to understand the CEA of PSA testing, it is important to understand 

the factors that might influence uptake across groups. This is important in shedding 

light on levels of uptake which have efficiency implications and variations in uptake 

across groups which have equity implications; it is also important in the 

identification of what factors might underpin these in terms of the incentives facing 

different groups of users and providers. A CEA framework provides the decision 

maker with evidence on how an intervention performs relative to current practice in 

relation to value for money, clinical benefit and the impact on QoL. However, 

evidence such as this, in the absence of understanding what is driving trends in 

current practice, may not assist in formulating pragmatic policy responses, for 

example, the introduction of a cost-effective screening strategy is of no benefit if it is 

not used by the target population. Therefore, to enhance the findings of the CEA and 

CUA presented in Chapter 7, this chapter sets out to assess what is driving the 

decision to undergo a PSA test in the RoI, given the unregulated, high volume of 

usage of the test both nationally and internationally.  

 

As outlined in the introductory chapter, the RoI has a mixed public/private 

system of healthcare delivery and charges are incurred based on means testing. For 

those who are in lower-income categories, free care with minimal co-payments is 

provided and the general practitioner (GP) acts as a gate-keeper to tertiary care; 

approximately 30% of the population fall in to this category.  (HSE, 2012) There are 

several providers of PHI in the RoI and approximately 45% of the population have 

privately purchased insurance plans; the lack of competition in the PHI Irish market 

nurtures higher premiums and approximately 30% of the population not entitled to 

free care based on income, are either priced out of the PHI market or choose not to 

insure. (ibid) According to the Irish Health Insurance Authority (HIA), uptake of 
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PHI in the RoI in 2008 was 90% for the ‘upper/middle classes,’ 62% for the ‘lower 

middle classes’ and 30% for the ‘skilled/other working classes;’ classes were defined 

by profession. (Turner, 2013) The operation of the Irish healthcare model and the 

resulting disparities that exist in relation to access to care may foster an environment 

where the functioning of the principal-agent relationship is attenuated; patients with 

PHI may be treated in private and public facilities as consultants based in public 

hospitals are entitled to allocate a proportion of their time to private patients. The 

differentiation between public and private patients may manifest itself in differential 

access to diagnostic and treatment services that may in turn impact upon use of 

screening services. (Walsh, 2011) How this might vary between individuals for 

whom the perceived benefits of screening differ is unclear.   

 

The purpose of this chapter is to empirically assess uptake of PSA testing in 

the RoI and across the EU in order to: 

1. Identify the drivers of the individual’s choice to obtain a PSA test; 

2. Investigate if the healthcare delivery system in the RoI is a contributory 

factor in variation in uptake of PSA testing; 

3. Investigate disparities in variation in PSA testing uptake; 

4. Compare PSA testing trends across Europe and how PSA testing 

compared to PCa incidence. 

 

Section 4.2 focuses on variation in PSA testing uptake in the RoI using Irish SLÁN 

data and Section 4.3 takes a broader approach investigating PSA testing uptake 

variation across the EU-27 using Eurobarometer data. Both analyses assess the 

individual determinants of PSA testing as a binary outcome variable using a range of 

statistical methods.  

 

 



CHAPTER 4- UNDERSTANDING UPTAKE OF PSA TESTING 

72 
 

4.2 Prostate Cancer Screening Practices in the Republic of Ireland- The 

Determinants of Uptake.                               

 

4.2.1 Background 

 

 Over the last two decades, in many western countries PCa incidence rates 

have been rising and in the RoI approximately 3,000 men are diagnosed annually. 

(Brawley et al, 2009; NCRI, 2012; Quinn et al, 2002; Selley et al, 1997) In the RoI, 

as elsewhere, these upward trends are mainly attributable to extensive use, in 

primary care, of PSA testing for the early detection of PCa. (Connolly et al, 2008; 

Drummond et al, 2009; Drummond et al, 2010; Potosky et al, 1995)  Population 

coverage of PSA testing is higher in the RoI than in most other European countries 

including the UK. (Drummond et al, 2010) The consequence of this is that the RoI 

was estimated to have the highest rate of PCa in Europe in 2006 and 2008. (Ferlay et 

al, 2010) 

 

 There is an ongoing debate, as highlighted in Chapter 3, as to the value of 

PSA testing at both the population level and to the individual across groups 

differentiated by age. (Drummond et al, 2010; Eckersberger et al, 2009; Ilic et al, 

2011; Wolf et al, 2010) For example, the two main RCTs discussed in Chapter 3 

which examined the impact of PSA testing on PCa mortality had contradictory 

results. (Eckersberger et al, 2009; Ilic et al, 2013; Schröder et al, 2014) At the time 

the SLÁN data used in this study was collected there were no formal guidelines on 

PSA testing for clinicians or patients in the RoI; however the National Cancer Forum 

(2006) had recommended against the introduction of population–based screening for 

PCa in this jurisdiction based on lack of evidence of its effectiveness. (NCF, 2006)   

In 2009, the NCCP started to issue more structured guidance for GP’s. 

 

 This analysis examines the role of income and PHI in uptake of PSA testing 

in RoI using data from a large population-based survey. The aim is to compare the 

role of these and other variables in groups of men differentiated by age in terms of 
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their capacity to benefit from testing; this analysis undertakes objectives 1-3 outlined 

in the previous section. The role of income is examined using concentration indices 

that detail the degree of income-related inequality in use of screening services. 

Subsequent decomposition of the indices is used to compare the role of PHI between 

the groups controlling for other individual characteristics.   

 

4.2.2 Methodology 

 

4.2.2.1 Data 

 

 Data were extracted from the Irish health and wellbeing survey, SLÁN 2007.  

This is a large, nationally representative, cross-sectional survey of Irish adults with a 

response rate of 62% that collected individual-based data including self-reported 

uptake of PCa screening (PSA testing) in the preceding 12 months. This dataset has 

been widely used in healthcare research in the RoI. (Morgan et al 2008; Walsh et al 

2010) The data permit a detailed socio-demographic characterisation of the 

respondent. Data on 2465 men aged 40 and over (the age group where PCa may be 

detected), were extracted for analysis. Within the analyses, men were separated into 

three groups based upon their age: 40-54 years, 55-69 years and 70 years and over.  

The age ranges selected were based on evidence from the ERSPC study discussed in 

Chapter 3 which indicated those aged 55-69 years were likely to yield the greatest 

benefits from PSA testing compared to younger or older groups; additionally the 

histological prevalence of PCa varies considerable between the age ranges of 40-85 

years and therefore the functionality of PSA testing across the age groups also varies. 

(Eckersberger et al, 2009, Schröder et al, 2014) Separate analyses were conducted 

for each age group (as opposed to undertaking one analysis with a series of age 

dummies) and results were compared; this approach giving greater clarity on the 

impact of PSA uptake across the three age cohorts investigated.  

 

Determinants suggested in the literature to explain screening utilisation in 

RoI included equivalised household income, household socio-economic status (based 

on occupation categorisation), geographic location, educational attainment, age, 
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marital status, PHI
7
 and self-reported health. (Walsh et al, 2010; Walsh et al 2011) 

No attempt was made to re-weight data as the focus of this analysis was on 

explaining variations in uptake rather than estimating nationally representative levels 

of uptake and therefore re-weighting was unnecessary. Details of variable 

construction can be viewed in Appendix 2. 

 

4.2.2.2. Concentration Indices 

 

 Variations in uptake were examined using a series of multivariate logistic 

regression analyses across groups differentiated by age using both Microsoft Excel 

and Stata software packages; multivariate logistic analysis is the main methodology 

adopted in section 4.3 and is discussed in-depth in that section. Disparities with 

respect to differences in income across income groups were measured using a 

concentration index (CI). These CIs detail the degree of relative inequality of 

screening utilisation i.e. PSA uptake, across income groups and therefore 

characterises the extent to which those with higher incomes utilise a higher 

proportion of services relative to their representation in the population than those 

with lower incomes. The ranking variable used to construct the CIs was equivalised 

net household income; ideally, continuous income which allows more precise 

ranking, yields more precision in measuring inequality. Total household income was 

divided by an equivalence scale, in which 1 was assigned to the first adult in the 

household, 0.66 to the second adult and 0.33 to each child. (Madden et al, 2010; 

Walsh et al, 2011) This effectively increases the number of categories over which the 

concentration index is constructed. The approach adopted in this analysis is similar 

to that used by others in this area. (ibid) 

Income was captured in the survey as a series of categorical variables with 25 

categories in all; individuals within each category being assigned the relevant class 

midpoint. By using equivalised net household income, 146 unique income categories 

were estimated for this analysis. A recent study highlighted the possibility that 

                                                           
7
 As all men aged 70 and older were eligible for a medical card, which provides free access to 

healthcare, the insurance variable comprised of all individuals with supplementary private health 
insurance to allow for consistency regardless of medical card coverage.   
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grouped income data may lead to an underestimation of the CI. (Chen et al, 2009) 

However, given the extensive number of income categories available and subsequent 

use of a validated equivalence scale it is thought that this issue has been adequately 

addressed in the context of this analysis. (Van Ourti et al, 2004; Wagstaff et al, 2000) 

Following Kakwani et al (1997) and Van Doorslaer et al (1997) contributions to the 

literature, the CI is presented as equation 1. (Kakwani et al, 1997; Van Doorslaer et 

al, 1997; Wagstaff et al, 2000) 

   

 

 

Where yi is healthcare utilisation, µ is its mean and Ri = i/N is the fractional rank of 

individual i, with i= 1for the poorest and i=N for the richest.  

 

 The CI is bounded between -1 and 1; a value of 0.1 has been shown 

previously to correspond to a relative rate of uptake of approximately 2 thus 

highlighting significant implications for health policy within a country. (Webb et al, 

2005) It is accepted however, that interpreting this relative rate depends largely on 

both the context and nature of the dependant variable. (O’Donnell et al, 2008; 

Wagstaff, 2005)  As this analysis used a binary response of whether a man had a 

PSA test in the preceding 12 months or not (age being the only “need” variable 

examined by stratification), normalised CIs employing the Wagstaff framework were 

adopted. (Wagstaff, 2005) There is an ongoing debate as to how best normalise a CI 

in the context of a discrete variable- two alternatives have been posited, Wagstaff 

and Erreyger’s; however, the debate and its resolution are beyond the scope of this 

thesis. Equation (2) represents the normalised CI. For confirmatory purposes, an 

Erreyger’s framework was also considered and assessed for normalisation, however 

no difference was found with respect to the model outputs. (Erreygers et al, 2010)  
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According to Siegal and Mosler (2010), the error term for the CI may exhibit both 

heteroskedasticity and autocorrelation due the sample variability of the mean of the 

healthcare utilisation variable (yi), resulting in poor estimates of the standard error of 

the CI. (Siegal et al, 2010) Standard errors for the Wagstaff normalised indices were 

corrected for both autocorrelation and heteroskedasticity using a method proposed by 

Siegal and Mosler (2010) which follows on from Wildman (2003), who suggested 

using order of the weighted ranking variable in place of time to compute a 

heteroskedasticity and autocorrelation consistent Newey-West covariance matrix. 

(Newey, 1987; Siegal et al, 2010; White, 1980; Wildman, 2003) This approach is 

similar to White’s corrected standard errors used for more basic regression models 

i.e. OLS models.  

 

4.2.2.3. Decomposition Analysis 

 

 Decomposition analyses of CIs were subsequently used to determine the 

impact of a range of socio-demographic variables on any observed inequality in PSA 

testing uptake. This is based on a partition of total inequality into the precise 

inequalities observed by each individual regressor. (Van Doorslaer, 2004) In the 

most basic sense, decomposition is aligned to an ‘unpacking’ of the drivers of 

inequality as explained by explanatory variables included in the analyses. As the 

binary response in this analysis is fundamentally a non-linear relationship, a logistic 

model is employed with a linear approximation to allow for the correct 

decomposition. Equation (3) represents the linear approximation of the logistic 

results where          are the average partial effects of each variable x, yielding the 

likelihood of screening (y). Equation (4) represents the decomposition analysis 

which comprises of average partial effects of each x as well as their means and 

individual CIs. 
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 The decomposition can be thought of in three parts. In equation (4), the first 

expression represents the contribution of equivalised income, the second expression 

represents the other socio-demographic variables perceived to influence screening 

utilisation (i.e. the proportion of the inequality from the CI that is explained by the 

regressors included in the decomposition). The predicted CI is a product of the 

average partial effect for each regressor, βk, multiplied by the mean of each regressor, 

x̄k, and divided by the mean of the dependent variable, µ. The final expression 

represents the residual term i.e. the element of the CI that is left unexplained by the 

predicted CI due to unobserved heterogeneity. The residual term is made up of the 

error term, ɛ, and the distribution of the error term across the fractional ranking 

variable divided by the mean of the dependent variable, µ. Unlike conventional 

regressions, decomposition analysis determines whether the differing propensity of a 

determinant across the income distribution affects the inequality observed in the CI. 

Thus the percentage contribution represents the specific percentage each determinant 

explains of the overall inequality. Although embedded in the construction of the CI, 

income is also a determinant of income inequality observed with respect to 

healthcare utilisation; thus, a functional form of income, in this case the log of 

income, is included as an explanatory variable in the decomposition analyses. 

 

 

4.2.3 Results 

 

 Table 4.1 presents descriptive statistics on PSA testing uptake in the previous 

12 months. Uptake was highest among those aged 55-69 (32%). Interestingly, almost 

one quarter of men aged 70 and over were tested in the previous 12 months and 

approximately 36% of this cohort held supplementary PHI even though being 

entitled to free public healthcare. In these analyses, PCa screening utilisation in the 
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form of PSA testing was higher among those of higher social status and among those 

with PHI. Socio-economic status varied across age groups in men who were 

screened in the preceding 12 months. The majority of men who were married (95%) 

had a PSA test in the preceding 12 months, compared to 54% of unmarried men. 

Higher proportions of those reporting good or very good health underwent screening 

in age groups 40-54 years and 55-69 years, however more men reporting poorer 

health received a PSA test in the age cohort 70 years and over. 

 

 

Table 4.1: Prostate cancer screening utilisation in preceding 12 months, expressed 

as percentages: Aged 40 and over (observation number in parenthesis) 

 

 

 

Variable Name 

 

Ages: 40-54 

 

Ages: 55-69 

 

Ages: 70+ 

 

Overall Observations 

 

15.45 (1,066) 

 

31.82 (870) 

 

27.15 (529) 

 

Socio-economic 

Group 

   

SES1 20.37 (434) 40.07 (299) 39.42 (136) 

SES2 11.92 (150) 41.38 (86) 28.81 (58) 

SES3 16.91 (205) 23.74 (194) 21.79 (155) 

SES4 9.35 (239) 26.14 (259) 20.36 (165) 

SES5 5.00 (38) 25.00 (32) 40.00 (15) 

Education    

Degree or above 23.08 (233) 34.23 (145) 44.07 (58) 

Lower tertiary 15.38 (168) 44.76 (104) 32.35 (34) 

Upper secondary 16.67 (257) 38.92(130) 27.69 (63) 

Lower secondary 11.51 (299) 24.27 (204) 25.84 (89) 

Primary 7.76 (109) 28.08 (287) 23.34 (285) 

Private Insurance    

No 8.33 (436) 22.67 (370) 20.70 (310) 

Yes 20.41 (630) 38.58 (500) 36.36 (219) 

Marital Status    

Not Married 11.14 (327) 19.59 (288) 23.08 (243) 

Married 17.36 (739) 37.84 (582) 30.66 (286) 

Geographic location  
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Dublin 15.87 (270) 31.84 (197) 35.20 (123) 

Border 7.37 (94) 23.30 (103) 16.90 (71) 

Mid-East 14.41 (106) 17.07  (82) 21.21 (33) 

Midlands 22.89 (82) 45.28 (53) 45.71 (35) 

Mid-West 15.04 (111) 27.55 (94) 23.08 (52) 

South East 17.48 (141) 43.48 (113) 23.38 (76) 

South West 13.48 (176) 35.03 (154) 18.68 (90) 

West 18.39 (86) 31.08 (74) 38.00 (49) 

Age    

40-44 years 9.16 (411) - - 

45-49 years 16.47 (336) - - 

50-54 years 22.39 (319) - - 

55-59 years - 28.04 (291) - 

60-64 years - 33.88 (302) - 

65-69 years - 33.57 (277) - 

70-74 years -  31.28 (224) 

75 and over -  24.10 (305) 

Self-reported Health  

 

 

 

 

 

Fair, bad or very 

bad 

11.30 (113) 27.57 (212) 29.28 (181) 

Very good or good  15.94 (953) 33.18 (658) 26.06 (348) 

 

 

  

 Normalised CIs in Table 4.2 highlight statistically significant income-related 

inequality in PCa screening in the RoI. The largest socio-economic inequality is 

observed among men aged 70 and older (0.2298). The lowest CIs are observed for 

those within the 55-69 age cohort (0.1573), while men between the ages of 40 and 54 

had a concentration index of 0.1689. PHI is the largest determinant of inequality 

observed in the 55-69 age group (explaining 36.7% of inequality) and contributes 

significantly in the 40-54 (26.4%) and 70 and over (17.5%) age groups. The residual 

component from the analysis, highlighting unexplained inequality, is larger in the 

two oldest cohorts compared to the youngest (26.5% and 37.9% respectively 

compared to 7.6%) This may be a function of older populations experiencing greater 

issues in access that are not modelled here, i.e. distance from healthcare centre, 

access to transport, co-morbidities/ disabilities, potential carer role, etc., or 

unobserved heterogeneity in attitudes to health having a greater role in utilisation.  
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Table 4.2: Decomposition analysis of the socio-economic inequality gradient  

 

 

 

 

 

 

 

Prostate Cancer 

Screening (%) 

40-54 years 

(n=1066) 

 

Prostate Cancer 

Screening (%) 

55-69 years 

(n=870) 

 

Prostate Cancer 

Screening (%) 

70 + years 

(n=529) 
 

Concentration Index 

 

0.1689 

 

0.1573 

 

0.2298 

Corrected Standard Errors 0.0467 0.0430 0.0579 

T Statistic 3.617 3.994 3.967 

Predicted Concentration 

Index* 

0.1561 (92.4) 0.1154 (73.4) 0.1428 (62.1) 

Residual Component 0.0128 (7.6) 0.0419 (26.6) 0.087 (37.9) 

Explanatory Variables 

Log Income 0.0617 (36.5) 0.0537 (34.1) 0.0681 (29.7) 

Socio-economic Group 

SES1 

 

1 

 

1 

 

1 

SES2 0.0027 (1.6) -0.0002 (-2.2) 0.0003 (0.1) 

SES3 -0.0008 (-0.5) 0.005 (3.2) -0.003 (-1.3) 

SES4 0.0084 (5.0) 0.0142 (9.9) 0.008 (3.5) 

SES5 0.0044 (2.6) 0.0016 (1.0) -0.0004 (-0.2) 

Total 

 
0.0147 (8.7) 0.0206 (13.1) 0.0049 (2.1) 

Education 

Degree or above 

 

1 

 

1 

 

1 

Lower tertiary -0.0071 (-4.2) 0.0074 (4.7) -0.0056 (-2.4) 

Upper secondary 0.0009 (0.5) 0.0024 (1.5) -0.0097 (-4.2) 

Lower secondary 0.0126 (7.4) 0.0019 (1.2) 0.0006 (0.2) 

Primary 0.0204 (12.1) -0.0277 (-17.6) 0.0457 (19.9) 

Total 

 
0.0268 (15.9) -0.016 (-10.2) 0.031 (13.5) 

Insurance 

No 

 

1 

 

1 

 

1 

Yes 0.0446 (26.4) 0.0577 (36.7) 0.0402 (17.5) 

Marital Status** 

Not married 

 

1 

 

1 

 

1 

Married 0.0023 (1.3) 0.0113 (7.2) 0.0013 (0.6) 

Geographic location 

Dublin 

 

1 

 

1 

 

1 

Border 0.0056 (3.3) 0.0011 (0.7) 0.0096 (4.2) 

Mid-East 0.0008 (0.5) -0.0042 (-2.6) 0.0012 (0.5) 

Midlands 0.0003 (0.2) -0.0004 (-0.3) -0.0001 (-0.0) 

Mid-West 0.0001 (0.0) -0.0007 (-0.4) -0.0009 (-0.4) 

South East -0.0034 (-2.0) 0.0008 (0.0052) 0.0044 (1.9) 

South West -0.0008 (-0.4) -0.0009 (-0.6) 0.0036 (1.6) 

West -0.0009 (-0.5) -0.0004 (-0.2) -0.003 (-1.3) 
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Total 

 
0.0017 (1.0) -0.0047 (-3.0) 0.0148 (6.4) 

Age 

40-44 years 

 

-0.007 (-4.1) 

 

- 

 

- 

45-49 years 0.0032 (1.9) - - 

50-54 years 1 - - 

55-59 years - -0.0023 (-1.5) - 

60-64 years - -0.001 (-0.6) - 

65-69 years - 1 - 

70-74 years - - 0.0016 (0.7) 

75 and over - - 1 

Total 

 
-0.0038 (-2.2) -0.0033 (-2.1) 0.0016 (0.7) 

Self-Reported Health 

Fair, bad or very bad 

 

1 

 

1 

 

1 

Very good or good 0.008 (4.8) -0.0039 (-2.5) -0.0191 (-8.3) 
    

NOTES: 

*CIs are broken down by confounder and represented as contributions to the overall inequality with 

percentage contributions in brackets. 

** Married=1 is based on whether respondent is married or cohabitating in SLÁN.    

Not Married= single, divorced, widowed, don't know. 

1) % in brackets for predicted and residual sum to 100% of inequality associated with C.I’s.  The % 

for each determinant sum to 100% of the predicted inequality presented i.e. the % in brackets for each 

explanatory variable is the % contribution to the measured inequality. 

 

  

 In Table 4.3, a series of logistic regression analyses are presented examining 

variations in PSA testing uptake across age cohorts as a function of the variables 

specified. A significant role accorded PHI (a non-need factor) across the three age 

cohorts is evident; in comparison age, associated with increased PCa risk, was not a 

significant driver in the older cohorts, however those under 55 years were 

significantly less likely to have a PSA test than their older counterparts. 

Additionally, self-reported health was also not a significant determinant of PSA 

uptake. Geographical location and education play significant roles, though this varies 

across age groups. Geographical variation in practices has been evidenced in the RoI. 

(Bourke et al, 2014; Walsh et al, 2010; Walsh et al 2011)  Care is warranted in the 

interpretation of education given its relationship with age and the changes in 

educational attainment within the RoI over the last several decades. For example, the 

characteristics and proportion of the sample whose highest level of education was 

lower tertiary, would likely differ among those aged 70 and over, compared to those 

aged 40-54 based on differences over time in societal expectations and economic 

activity.  
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Table 4.3: Logistic regression of prostate cancer screening utilisation in preceding 

12 months, expressed as Odds Ratios 

 

Number of 

individuals  

 

Age: 40-54 

(1066) 

 

Age: 55-69 

(870) 

 

Age: 70+ 

(529) 

Socio-economic 

Group 

SES1 

 

 

1 

 

 

1 

 

 

1 

SES2 0.740 

(0.231) 

1.222 

(0.343) 

0.806 

(0.310) 

SES3 1.031 

(0.254) 

0.558** 

(0.132) 

0.727 

(0.256) 

SES4 0.700 

(0.211) 

0.704 

(0.167) 

0.605 

(0.214) 

SES5 

 

0.412 

(0.318) 

0.762 

(0.341) 

1.721 

(0.382) 

Education 

Degree or above 

 

1 

 

1 

 

1 

Lower tertiary 0.597* 

(0.168) 

1.758** 

(0.483) 

0.662 

(0.305) 

Upper secondary 0.738 

(0.189) 

1.654* 

(0.468) 

0.623 

(0.258) 

Lower secondary 0.654 

(0.195) 

0.851 

(0.232) 

0.589 

(0.234) 

Primary 

 

0.423** 

(0.177) 

1.386 

(0.375) 

0.678 

(0.250) 

Private Insurance 

No 

 

1 

 

1 

 

1 

Yes  

 

1.910*** 

(0.431) 

1.856*** 

(0.356) 

1.748** 

(0.444) 

Marital Status 

Not Married 

 

1 

 

1 

 

1 

Married 1.355 

(0.287) 

1.928*** 

(0.354) 

1.218 

(0.260) 

Geographic 

location 

Dublin 

 

 

1 

 

 

1 

 

 

1 

Border 0.598 

(0.269) 

0.843 

(0.245) 

0.487* 

(0.185) 

Mid-East 1.135 

(0.380) 

0.442** 

(0.156) 

0.656 

(0.301) 

Midlands 1.752* 

(0.596) 

2.151** 

(0.740) 

2.300** 

(0.920) 

Mid-West 0.904 

(0.293) 

0.799 

(0.230) 

0.714 

(0.285) 
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South East 1.480 

(0.440) 

1.880** 

(0.484) 

0.802 

(0.283) 

South West 0.800 

(0.232) 

1.281 

(0.306) 

0.526* 

(0.187) 

West 

 

1.111 

(0.379) 

1.062 

(0.325) 

1.218 

(0.451) 

Age 

40-44 years 

 

0.301*** 

(0.068) 

 

 

- 

 

 

- 

45-49 years 0.608** 

(0.130) 

- - 

50-54 years 1 

 

- - 

55-59 years - 0.852 

(0.168) 

- 

60-64 years - 0.955 

(0.179) 

- 

65-69 years - 1 

 

- 

70-74 years -  1.328 

(0.276) 

75 and over 

 

-  1 

Self-reported 

Health 

Fair, bad or very 

bad 

 

 

1 

 

 

1 

 

 

1 

 

Very good or 

good 

1.273 

(0.410) 

1.029 

(0.206) 

0.712 

(0.156) 

 

 *    Significant to the 90
th
 percentile; ** Significant to the 95

th
 percentile; 

 ***Significant to the 99
th
 percentile;  + Robust standard errors in parentheses. 

 

4.2.4 Discussion 

 

 The decision to engage in PSA testing is one that is likely to be taken by the 

individual in consultation with their clinician; in this case almost certainly their GP.  

While the decision will be based on a comparison of the costs and benefits of the 

PCa screening mechanism as perceived by the individual (and, perhaps also, those 

closest to them), perceptions are likely to be informed and interpreted with assistance 

from the GP. That pro-rich patterns of inequality are evidenced among groups for 

whom risk of cancer has been (based on age) equalised is perhaps therefore not 

unexpected. Pro-rich inequality in uptake of PCa screening evidenced is consistent 
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with the notion that screening generates information, the value and acquisition cost 

of which varies across groups for a variety of reasons.  Potentially, for those with 

higher incomes, acquisition costs in terms of out of pocket expenses of visiting a GP 

or commissioning a test may be less, as a proportion of income, ceteris paribus, 

relative to those with lower incomes. Additionally, in the RoI those on very low 

incomes, those unemployed and those in retirement are entitled to free care, 

reimbursed on a capitation basis, which does not provide an incentive to GPs to test 

men asymptomatically for PCa. Therefore, overall access to care is seemingly not 

driving utilisation of PSA testing in the RoI; however the operation of the healthcare 

model and varying incentives based on payer types can explain in part the variation 

in uptake evidenced in this analysis. It may also be the case that the opportunity cost 

to those in higher income groups of not maintaining healthy time, is more of a driver 

than acquisition costs of healthcare services.  

  

 Consistent with the possibility that the value of information will vary as the 

ability to act upon it varies, the role of PHI can also be readily interpreted. Thus, 

given that possession of PHI may strongly influence the speed of subsequent 

diagnosis and follow-on care (if required), that PHI should have a significant (the 

most significant) role in explaining inequalities is unsurprising. Indeed these findings 

are consistent with those of others who have examined the role of PHI in cancer 

screening in other contexts. (Robinson et al, 2008; Walsh et al, 2011) Thus in as 

much as those with PHI will be able to use the information from screening more 

readily, than those without PHI, the value of the screen, ceteris paribus, will be 

greater and therefore, one would expect PHI to have a key role in explaining 

inequalities. Following on from screening, men with PHI in the RoI may access 

diagnostic care and treatment at a faster pace by virtue of their insurance plans; this 

may impact on the value men with PHI place upon information from screening (and 

potentially reduce worry) compared to those without PHI. Alternative explanations 

do exist, for example, it is conceivable that those who hold PHI value health more 

highly (similar to those who have higher incomes) and are therefore more likely to 

engage in PSA testing as they feel this is a pre-emptive measure to avoid risk of late 

detection of PCa.  
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 The comparison of CIs across age cohorts and of the role of PHI between 

them is also worthy of comment. The ERSPC trial is the only study that has 

identified clinical benefits from PSA screening, identifying these present in one age 

group only, those aged 55-69 years. (Eckersberger et al, 2009, Schröder et al, 2014) 

This trial has influenced European guidance and thus guidance issued by the NCCP 

in the RoI. As noted, the decision to screen is likely to emerge in consultation with 

the GP. That the age group among whom the clinical benefits of screening are 

greatest is not only the group among whom uptake is greatest but also the group 

among whom income-related inequality is least, may reflect the relative effort and 

success of clinicians in encouraging participation among patients who are perceived 

to benefit most from it. The relatively high uptake and lower inequality may in other 

words reflect the relative willingness and ability of the clinician to encourage uptake 

and overcome the hesitancy that might otherwise exist for screening among those for 

whom the clinical benefits are most evident. The corollary of this is that among those 

for whom the clinical benefits are less evident, a greater role is accorded patient 

choice in the decision process, perhaps indicating a more passive role on the part of 

the GP in this case. Thus the greater inequality observed in the youngest and oldest 

cohorts may be indicative of the greater role afforded individuals’ subjective 

perceptions of the benefit of acquiring screening.  

 

These results are consistent with findings regarding the attitudes of GPs to 

PSA testing in the RoI that found a greater willingness to test asymptomatic men 

aged 55 to 69 compared to those in younger and older age groups. (Drummond et al, 

2010) These behaviours may be influenced by a range of factors unrelated to clinical 

need, for example, the use of PSA testing as a form of non-price competition among 

GPs that may be pursued more or less aggressively among particular groups, i.e. the 

inclusion of a ‘free PSA test’ as part of a check-up for those who hold PHI versus 

those who do not. (Dixon et al, 2008; Wallner et al, 2008) Comparing the role of PHI 

across age groups in the decomposition analysis, where the information generated is 

likely to be of greater value (i.e. among those aged 55 to 69), that the role of PHI in 

the inequality measured should be greater relative to other age groups is again 

unsurprising.  
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 Some limitations with this study are worth noting. Firstly, the response rate 

in the survey used although high (62%) was not 100%. As the focus of this analysis 

is on variations in uptake rather than uptake of PSA testing per se though, this is not 

considered a major issue. The data moreover remains the best available in an Irish 

context, for reasons outlined below, and has been used in several investigations of 

inequality across patient groups due to the large number of income categories 

available to respondents as well as the richness of potential explanatory variables. It 

is also the only nationally representative questionnaire that asks whether or not a 

PSA test was undertaken in the last 12 months as opposed to other national surveys 

i.e. the TILDA dataset from Trinity College, which simply asks if the respondent has 

had a PSA test. (Madden et al, 2010; Morgan et al 2008; Walsh et al 2010; Walsh et 

al, 2011; Whelan et al, 2013)  Secondly, service utilisation is self-reported in the 

survey giving rise to the potential for recall bias. Given the nature of the test and 

communication of the result it seems unlikely that this would be the case, however 

some men may not fully understand the test or its clinical significance. Moreover, a 

priori it is not obvious why such bias would be systematically related to the 

explanatory variables used in the analysis. It is possible though, men may have had a 

PSA test without explicitly being informed by the GP as anecdotal evidence suggests 

PSA tests are sometimes included in an investigative blood panel; it is also possible 

that better educated men may have better recall. Finally, the relationship between 

PHI and screening in this analysis has been presented in terms of the ability of PHI 

to facilitate speedier access to diagnostics and care. As noted, it is possible that 

individuals likely to hold PHI may have differential preferences for healthcare that 

are exhibited in varied uptake of services. Given the evidence as to the rationale for 

holding PHI, that the differential access it affords is not in part a reasonable 

interpretation to place on results seems difficult to sustain.  

 

 Two key policy implications follow from these findings which are discussed 

further in Chapter 8. However in summary, the relatively high levels of PSA testing 

among age groups where the clinical benefits of it are questionable present 

challenges for individuals, clinicians, health insurers and policy makers in the RoI. 

Over a quarter of those aged 70 and over in the sample reported having had a screen 

in the previous 12 months. While not confined solely to an Irish context (60% of 
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over 75’s reported PSA testing in the preceding year in the US), this highlights a 

worrying practice. (Li et al, 2010) Between 1994 and 2005, PSA testing in the RoI 

increased five-fold and was substantially greater than the increases experienced in NI 

and the UK. (NCRI, 2010) As previously discussed, the resulting trend in PCa 

incidence rates contributed to the RoI having the highest rate across Europe in 2006. 

(Ferlay et al, 2007) High levels of PSA testing not only raise issues regarding 

resource use with respect to the value and efficacy of PSA testing as a screening 

mechanism but also have consequences for other parts of the health service. This is 

evident from the provision of RACs in the RoI opened to deal with demand for 

diagnostic services following a suspected abnormal PSA result. (Forde et al, 2011; 

NCF, 2006; NCCP, 2009) That a significant welfare loss may result from 

inappropriate levels of consumption is possible; however until the cost-effectiveness 

of PSA-based screening for PCa in the RoI has been ascertained it is unclear what 

this might amount to. Furthermore, undertaking a CEA without adequately 

addressing current trends in consumption practices results in evidence suited to a 

‘perfect world’ scenario, thus increasing the likelihood of  PSA testing being cost-

effective due to increased early stage diagnosis. Given the evidence presented in this 

analysis, it is essential that the comparator in a CEA for PSA testing in the RoI 

adequately address the high variation in consumption practices, otherwise the 

information supplied to decision makers may be obsolete. 

  

 Secondly, the clear role accorded economic variables in uptake of PSA 

testing provides policy makers with a range of options by which changes in 

behaviour might be achieved, should these be considered appropriate. Where GPs 

currently have difficulty denying access to services such as PSA testing, the use of 

clearer guidelines to support conversations with patients, of higher charges and/or 

higher co-payment levels may assist in adjusting behaviour. Equally, among those 

whose age range/ risk profile might indicate more potential to benefit from screening 

(for instance, men who have a direct male relative who was diagnosed with high-risk 

PCa have an increased likelihood of having a similar diagnosis), provisions to 

ameliorate the financial (or other) barriers to screening, diagnostic and other services 

(variation in geographical location as highlighted in this study signals barriers in 

access due to distance from centres of excellence) may serve to diminish the pro-rich 
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income inequality that currently exists. There are still on average 200 men diagnosed 

in the RoI annually with advanced, metastatic PCa who are not being detected for 

reasons that are unclear. (NCRI, 2011) The policy response should be predominantly 

a containment strategy for PSA usage overall coupled with a more targeted strategy 

for men deemed to benefit from screening, but it is also important to further 

understand why men with symptomatic PCa are not being detected at more 

manageable clinical stages and tackle under-usage in this cohort.  

 

 

4.2.5 Conclusions 

 

 This analysis revealed high levels of variation in PCa screening across a 

range of age groups in the RoI including those where the benefits may be the subject 

of debate. It has underscored the role of economic variables in explaining PSA 

uptake using a robust, nationally-representative dataset with novel methodological 

approaches. Inequalities in healthcare have been argued to be unwarranted even 

where they are attributable to social patterning of health expectations and care-

seeking behaviour arising from broader social factors outside the healthcare system. 

(Hausman, 2007) Within a context in which the merits of PSA testing for PCa 

detection across different age groups are the subject of continued debate, as 

highlighted in Chapter 3, the high levels of screening evidenced in the RoI, the 

income related inequalities in uptake and the role of PHI in explaining these are 

issues that warrant close attention and necessitate a policy response. The potential 

welfare loss in respect of PCa screening in the RoI may be significant. The role 

accorded economic variables, however, also suggests that policy instruments by 

which behaviour might be affected could be devised and may meet with some 

success. This is discussed further in Chapter 8. Overall, this analysis highlighted the 

need for a CEA of PSA testing in the RoI and also the need for the CEA to ensure 

the comparator adequately depicts current practice in relation to PSA uptake in the 

RoI. 
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4.3 Assessing the European Trends of PSA Testing 

 

4.3.1 Background 

 

 As the population in many European countries age and screening for PCa 

becomes more widely utilised, so the observed prevalence of PCa is likely to 

increase and with it demands for an appropriate policy response. (Burns et al, 2012a; 

Drummond et al, 2010) As discussed previously, PSA testing is widely used as a 

screening mechanism despite concerns having been expressed for some time 

regarding its value in this regard. (Andriole et al, 2012; Desai et al, 2010; 

Eckersberger et al, 2009; Mackie, 2010) In the first part of Chapter 4, an analysis of 

the determinants of PSA uptake in the RoI was undertaken; the impetus for this 

analysis was the correlation evidenced between high levels of PSA testing and PCa 

incidence from 2005-2010. (Drummond et al, 2010; NCRI, 2012) From an economic 

perspective alone, high levels of PSA testing not only consume resources but may 

contribute inter alia to a false impression of the magnitude of the problem, to the 

extent of variation between countries in PCa prevalence and to inappropriate policy 

responses in terms of the priority accorded subsequent diagnostic services. If PSA 

uptake is to be managed across the EU and variations in PCa since 2008 are to be 

understood (the RoI had the highest PCa incidence across the EU, (see Figures 4.1 

and 4.2)), it is important that clarity exists around the factors that influence uptake 

and how these vary across the EU.   

In this analysis, an examination of the determinants of and variation in PSA 

uptake for PCa detection within and across Europe is presented as per objective (1) 

and (4), stated at the beginning of this chapter. PSA uptake in the preceding 12 

months was examined across 28 European countries using a range of statistical 

methods. Not only did this analysis facilitate in confirming findings from the Irish-

specific analysis in section 4.2, but the framing of the PSA uptake question 

facilitated further understanding on how the test was initiated i.e. who requested the 

test. Also, based on findings from the previous analysis in relation to income 

inequality in uptake, this analysis examined whether country-level income inequality 
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had a role to place in variation of PSA uptake across the EU. By controlling for 

individual characteristics (including socio-economic status which assists in 

addressing objective (3)) and country-specific indicators, this analysis focused 

attention on the role of the broader policy context within which individual decisions 

are made and in particular the relationship between the principal and the agent in the 

healthcare delivery system. Classification of healthcare delivery models also 

facilitated an examination of whether properties in healthcare delivery models 

contributed to variation in uptake. 

Figure 4.1: EU age-standardised incidence rates per 100,000 (Ferlay, 2010) 
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Figure 4.2 PCa age-standardised incidence rates for 2008 (per 100,000)
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4.3.2 Methodology 

 

4.3.2.1 Data and Socio-demographic Analysis 

 

 In order to examine the drivers of PSA uptake as well as compare uptake 

across the EU, data were extracted from Eurobarometer 66.2 “Health in the 

European Union” a large, cross-sectional, nationally-representative, survey of 28 

European countries conducted in 2006. (European Commission, 2007) 

Eurobarometer data series “measure the European population’s attitudes about 

various issues related to Europe.” (Nissen, 2014) 

In borrowing the name from a meteorological instrument, the 

Commission’s aim was to create a vivid metaphor for its intention 

in conducting the surveys. Like a real barometer, the 

Eurobarometer was to be employed as a tool for observing public 

moods and also for formulating cautious forecasts. (ibid) 

 

Established in 1973, standard Eurobarometer surveys consists of random samples of 

approximately 1000 face-to-face interviews per country with reports published twice 

a year. The data has two weighting mechanisms built in. As several of the sample 

designs chosen by countries were not able to give all individuals in the population 

the same chance of selection, a design weighting is in-built in the data and can be 

switched on/off where necessary. Un-weighted samples in some countries may 

over/under represent certain types of addresses or households i.e. those in larger 

households. The design weighting mechanism adjusts for different probabilities of 

selection, facilitating a more representative sample in each country.  

For this analysis self-reported responses from 6,986 men aged 40 years and older 

were extracted from the 2006 survey focusing on health outcomes and resource 

utilisation. Population weighting was not used in the analysis for three main reasons: 

firstly it was felt there was no need to apply population weights as data was not 

pooled across countries (instead country specific dummies or economic indicators 

were included as explanatory variables) and so inference wasn’t suggested based on 
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pooled estimates; secondly, the analysis included a small, sub-sample of the data 

(men of a certain age) and as the focus was drivers and variation in uptake of 

screening it was felt unnecessary; and thirdly, the hypothesis suggests that sampling 

probabilities may vary exogenously with respect to PSA uptake and not 

endogenously, therefore Wooldridge (1999) would suggest that in this case 

“weighting might be unnecessary for consistency and harmful for precision.” (Solon 

et al, 2013; Wooldrige, 1999) 

With respect to PCa screening, male respondents were asked whether they had a 

PSA test in the previous 12 months. Answers available were:  

 “Yes, own initiative”;  

 “Yes, doctor’s initiative”;  

 “Yes, screening programme”;  

 “No”;  

 “Don’t know”.  

 

The framing of the question facilitated an assessment of whether or not the 

respondent availed of the screen in the preceding 12 months and also who was 

perceived to have driven the decision. However, given the wording of the question it 

was not possible to differentiate between PSA for screening purposes as opposed to 

PSA testing as part of a clinical follow-up.  

 Previous work has highlighted the role of socio-demographic characteristics 

in explaining uptake of cancer screening. (Burns et al, 2012a; CSDH, 2008; Walsh et 

al, 2011) The individual characteristics examined in this analysis were marital status, 

region of residence, smoking status as a proxy of health status/ health behaviour, 

educational attainment, social class and age. Four socio-economic groups were 

constructed using the individual’s current or previous occupation; (1) Social Class 1 

(SC12): Professionals; business proprietors; high managerial positions, (2) SC34: 

Intermediate or junior managerial positions; skilled service; skilled manual 

employee, (3) SC56: Agriculture; unskilled service; unskilled manual employee, (4) 

SCUC: Individuals who never worked or who were unclassified. Years of schooling 

were modelled using data on the age an individual finished their schooling. 
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Individuals were only included in the analysis if they completed education after the 

age of nine and finished their formal education no later than 25 years of age- this is 

the age that an individual would normally achieve a postgraduate qualification. 

Individuals were categorised by the age at which they finished formal education, as 

follows; (1) 22 years or over, (2) 19 to 21 years, (3) 17 to 18 years, (4) 15 to 16 years 

and (5) 14 years or less.  Other data extracted from the survey were: age, residence in 

urban or rural area (that may affect access to services), marital status (which may 

have a role in uptake in terms of “pester power”) whether the individual was a 

smoker or not (which may impact on health promoting behaviours) and country of 

origin. (Burns et al, 2012a; Walsh et al, 2010; Walsh et al 2011) Full details of the 

formation of variables for this analysis can be viewed in Appendix 2. 

 

 

 4.3.2.2 Measuring Wealth and Inequality of Healthcare Delivery Systems 

 

To explore differences in PSA uptake across countries, initially country-

specific dichotomous variables were constructed and used to compare PSA uptake 

relative to a base category, chosen arbitrarily as Germany; robust standard errors 

controlling for within cluster correlation across the 28 countries were computed. 

Whilst fixed effects control for the presence of unobserved heterogeneity at the 

country level, they do not offer much information in relation to what drives these 

differences. Therefore in additional analysis, differences between countries in terms 

of (1) the gate-keeping role accorded the GP in the healthcare system, of (2) the level 

of income inequality measured using the Gini coefficient and of (3) income itself 

measured in GDP per capita, were explored. With respect to GPs, countries were 

characterised based on whether the GP functioned as a gatekeeper in the healthcare 

delivery system or not, using a dichotomous variable. In as much as a GP who acts 

as a gatekeeper to other services may influence decisions that give rise to demand for 

other services in the first instance, healthcare systems in which a GP fulfils this role 

might be expected to behave differently with respect to opportunistic screening than 

those where the GP did not provide this function. In other words, a country in which 

the GP acts as a gatekeeper to tertiary care (and incentives exist to minimise 
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unnecessary healthcare utilisation), may be less inclined to asymptomatically screen 

low-risk men for PCa given the international guidance. GP gatekeeper status as 

defined by Van Doorslaer et al (2004) and Fujisawa et al (2008) was used to classify 

countries, though this was only possible for 17 of the countries in the Eurobarometer 

dataset (see Table 4.4).  

 

 Both the level of income and income inequality may similarly be expected to 

impact on the decision to undertake PSA testing in as much as these may also affect 

the structure and conduct of the healthcare system in a country. Income was 

measured in Gross Domestic Product (GDP) in purchasing power parity (PPP) per 

capita. (World Bank, 2012) Relative to a country in which the income distribution is 

highly inequitable, for example, a country where income distribution is more 

equitable might be expected to experience less evident disparities in financial 

barriers to access and thus increased PSA uptake may be observed. A Gini 

coefficient index, which measures the degree of inequality in the distribution of 

family income, was used to examine the impact of income distribution on the 

decision to utilise a PSA test. (World Fact Book, 2012) Similarly, compared to a 

country that is relatively affluent, one that is relatively poor may find it difficult to 

allocate funds to screening for PCa. For both of these country level indicators, 

categorical variables were constructed for the analysis by ranking the continuous 

variables and assigning them into three groups based on whether they were in the 

lowest 33% relative to the others, between 34%-66% relative to the others or in the 

highest 33% relative to the others.  

 

4.3.2.3 Multivariate Logistic Analysis 

 

 A series of multivariate logistic regression analyses of PSA uptake as a 

function of the variables detailed in the previous section, using country dichotomous 

variables were undertaken with results presented as odds ratios. Multivariate logistic 

regression is an appropriate and validated statistical method for estimating 

associations between a risk factor and a binary outcome, the probability of an 

occurrence, statistically adjusting for a range of potential confounders i.e. covariates. 
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(Lee, 1985) The logistic regression model (see formula 5) takes the natural logarithm 

of the odds as a regression function of the predictors. With a single predictor, X, as 

in the univariate model, this takes the form: 

 

 

 Ln [odds(Y=1)] = β0 + β1X,     (5) 

 

where Ln is the natural logarithm, Y is the binary outcome (Y=1 is when the event 

happens and Y=0 is when the event does not happen), β0 is the intercept term, and β1 

represents the regression coefficient (the change in the logarithm of the odds of the 

event given a 1 unit change in the predictor X).  (Hosmer et al, 2000; LaValley, 

2008) In the case of several predictors, the multivariate regression model can be 

mathematically represented as: 

 

 

Ln [odds(Y=1)] = β0 + β1X1 + β2X2 , ……,+ βnXn      (6) 

 

 

The logistic regression is essentially a standard linear regression model, once a 

transformation of the dichotomous outcome by the logit transform is performed. This 

transform changes the range of binary outcome from 0 to 1 to −∞ to +∞, as usual for 

linear regression. (ibid) Interpretation of the covariates in the case of this analysis 

(where all the covariates were constructed into categorical variables) suggests a 

change in X (X=1) increases the odds of the event (Y) occurring by the respective 

coefficient (β).  

 

The role of individual variables was examined using Z-tests with Wald tests, 

used to determine the joint significance of groups of socio-economic variables. 

Standard errors were corrected for the presence of heteroskedasticity using robust 

standard errors and country clustering. Subsequent analyses also reporting odds 

ratios and robust standard errors, outlined in Table 4.7, examined the role of GP 
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gate-keeping status as well as country-level income and income inequality, thus 

removing the country dichotomous variables. 

 

4.3.3 Results 

 

 Table 4.4 details descriptive data on countries comprising the EU-27 (and 

Croatia expected to join the EU in 2013) with corresponding GP gatekeeper 

classifications, GDP (ppp) per capita and the Gini coefficient index. (Van Doorslaer 

et al, 2004; Fujisawa et al, 2008; World Bank, 2012) 

 

 Table 4.4: Income, Income Inequality and role of GP by country 

Country Gross Domestic Product 

per capita
1
 

Gini Index
2
 GP Gatekeeper

3
 

Belgium 37,448 28.0 NO  

Denmark 39,558 29.0 YES 

Greece 28,154 33.0 NO  

Spain 32,070 32.0 YES 

Finland 36,660 26.8 YES 

France 33,820 32.7 NO  

Ireland 39,727 29.3 YES 

Italy 31,555 32.0 YES 

Luxembourg 89,769 37.6 NO  

The Netherlands 42,475 30.9 YES 

Austria 39,698 26.0 NO  

Portugal 25,573 38.5 YES 

Sweden 38,947 23.0 YES 

Germany  37,591 27.0 NO  

UK 35,860 34.0 YES 

Bulgaria 13,780 45.3 Unclassified 

Cyprus 30,728 29.0 Unclassified 

Czech Republic 25,299 26.0 Yes 

Estonia 20,033 31.4 Unclassified 

Hungary 20,307 24.7 YES 

Latvia 16,312 35.7 Unclassified 

Lithuania 18,184 37.6 Unclassified 

Malta 24,804 26.0 Unclassified 

Poland 19,747 34.2 Unclassified 
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Romania 14,287 31.2 Unclassified 

Slovakia 23,897 26.0 Unclassified 

Slovenia 27,556 28.4 Unclassified 

Croatia 19,516 33.7 Unclassified 

Notes: 1.) Gross Domestic Product (adjusted for purchasing power parity) per capita (2010) World             

                    Bank database.  

2.) Gini Index of Income Inequality- The World Fact Book, CIA database.  

3.) General Practitioner gatekeeper classification as per Van Doorslaer E &   

     Masseria C. (2004) and Fujisawa R & Lafortune G. (2008)  

 

 Table 4.5 details uptake of PSA tests in total as well as separately for those 

initiated by the doctor or by the individual; the latter two options need not sum to 

PSA tests overall as individuals may be uncertain as to whether the doctor or 

themselves initiated the test (this is a small percentage of the cohort, 4%). 

Proportions of PSA uptake across characteristics of the respondent and by country 

are also reported. The three age groups used in the analysis were based on the 

findings of the ERSPC and previous analysis. (Burns et al, 2012a; Eckersberger et al, 

2009; Schröder et al 2014) 

 

 Table 4.5: Descriptive statistics from Eurobarometer data analysis 

DECRIPTIVE STATISTICS FOR PSA TESTING FOR PROSTATE CANCER IN THE 

PREVIOUS 12 MONTHS 

  PSA Test Doctor initiated 

PSA Test 

Patient Initiated 

PSA Test 

Overall % 22% 10% 8% 

Marital Status 

Married 23% 10% 9% 

Single 18% 10% 5% 

Region 

Town 22% 10% 9% 

Rural 21% 11% 7% 

Health indicator 

Smoker 15% 7% 5% 

Non-smoker 25% 12% 9% 

Age Finished Schooling* 

Educ_14 25% 14% 8% 

Educ_16 21% 10% 7% 

Educ_18 19% 9% 7% 

Educ_21 20% 9% 7% 

Educ_22 24% 9% 12% 
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Socio-economic Groupings** 

Group 1:  SC12 20% 8% 10% 

Group 2:  SC34 13% 5% 5% 

Group 3:  SC56 22% 12% 8% 

Group 4:  SCUC 11% 5% 4% 

Age Groups 

40-54 years 11% 4% 5% 

55-69 years 28% 13% 11% 

70+ years 31% 18% 9% 

Countries 

Estonia 9% 4% 5% 

Finland 26% 9% 13% 

Lithuania 23% 15% 6% 

Hungary 18% 8% 7% 

United Kingdom 13% 10% 2% 

Latvia 17% 1% 3% 

Czech Republic 10% 6% 2% 

Poland 12% 8% 4% 

Germany 35% 11% 20% 

Sweden 21% 7% 9% 

Slovakia 13% 6% 2% 

Portugal 36% 25% 8% 

Denmark 7% 3% 2% 

Cyprus 32% 12% 18% 

France 31% 24% 4% 

Slovenia 15% 8% 5% 

Spain 21% 12% 2% 

Luxembourg 35% 15% 16% 

The Netherlands 17% 9% 9% 

Malta 20% 7% 8% 

Greece 18% 8% 7% 

Belgium 27% 13% 12% 

Austria 43% 14% 11% 

Italy 20% 12% 6% 

Ireland 28% 12% 16% 

Bulgaria 5% 2% 2% 

Romania 5% 3% 1% 

Croatia 7% 5% 1% 

EU Total (28 Countries) 20% 10% 8% 

Total Number of 

Observations 

N= 6986 N= 6986 N= 6986 

Notes:  1.) Education variables broken down into age the respondent concluded formal schooling.  

2.) Socio-economic status has been broken down into four ranked categories; SC12 being the  

                    highest social class and SCUC being the lowest. 
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 As presented in Table 4.5, in general, doctors were more likely to have 

initiated the PSA test rather than the individual; though, among those from the 

highest socio-economic group, those in the highest educational group and those in 

the youngest age group, the individual was more likely to have initiated the screen.  

It is also evident that a large variation in uptake across Europe exists, even where 

countries may at face value appear similar, for example in the case of Scandinavian 

countries. Austria, Portugal, Luxemburg and Germany had the highest levels of PSA 

testing overall; however where Germany exhibit higher proportions of patient 

initiated PSA testing, Portugal has the highest level of GP initiated PSA testing 

across the countries assessed. In Figures 4.3-4.6 variations across countries are 

presented graphically as a series of unadjusted odds ratios together with associated 

confidence intervals with Germany used as the base category- no other controls were 

used. 

 Figure 4.3:  Country variation for uptake of PSA test 

 

*Base country- Germany 

**Odds Ratios reported in Table 3 

 

France
Belgium

Netherlands
Italy

Luxembourg
Denmark

Ireland
UK

Greece
Spain

Portugal
Finland
Sweden
Austria
Cyprus

Czech republic
Estonia

Hungary
Latvia

Lithuania
Malta

Poland
Slovakia
Slovenia

Croatia

C
o
u

n
tr

y

0 .5 1 1.5 2 2.5
Odds Ratio



CHAPTER 4- UNDERSTANDING UPTAKE OF PSA TESTING 

101 
 

 In Figure 4.3 the response examined is whether the respondent received a 

PSA test in the past 12 months; in Figure 4.4 whether a doctor initiated a PSA test in 

the past 12 months and; in Figure 4.5 whether the respondent/patient initiated the 

PSA test in the past 12 months.  

Figure 4.4: Country variation for Doctor initiated PSA test  

*Base country- Germany 

**Odds Ratios reported in Table 3 
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Germany, patient initiated PSA testing is significantly lower than in Germany. 

Similar discrepancies can be observed in respect of other countries.  

 

Figure 4.5:  Country variation for Respondent initiated PSA test  

*Base country- Germany 

**Odds Ratios reported in Table 3 
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test regardless of how the test was initiated, while older men, in respect to both 

overall and respondent initiated tests, are significantly more likely to have had a test 

compared to those who are aged 40-54 and married men significantly more likely to 

have had a test compared to those who are single/widowed or divorced.   

 

Table 4.6:  Multivariate analysis using logistic odds ratios and Wald statistic 

 PSA Test 

(N= 4502) 

Doctor Initiated  

PSA Test 

(N= 4502) 

Patient Initiated  

PSA Test 

(N= 4502) 

Marital Status 

Single/Divorced/ 

Widowed 

1 1 1 

Married 1.26**                                

(.14) 

1.03                                                                    

(.15) 

1.45**                          

(.24) 

Region  

Rural 1 1 1 

Town 1.04                          

(.10) 

.96                                

(.08) 

1.20                                

(.16) 

Health Indicator  

Non-Smoker 1 1 1 

Smoker .72***                       

(.08) 

.74*                                   

(.12) 

.72**                           

(.12) 

Education Groupings (Age finished schooling)   

Education Age 14 1 1 1 

Education Age 16 1.03                           

(.16) 

1.11                                  

(.26) 

.90                               

(.18) 

Education Age 18 1.30                               

(.22) 

1.35                                       

(.32) 

1.10                                 

(.23) 

Education Age 21 1.50**                          

(.27) 

1.28                                            

(.31) 

1.40                               

(.30) 

Education Age 22 1.72***                       

(.34) 

1.41                              

(.36) 

1.81**                          

(.47) 

Socio-Economic Groupings    

SC12 1 1 1 

SC34 .72**                            

(.10) 

.72                                          

(.15) 

.63**                         

(.12) 

SC56 .93                               

(.11) 

1.06                                     

(.17) 

.76                                 

(.12) 

SCUC .55**                        

(.13) 

.65                                    

(.18) 

.47**                             

(.14) 
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Age Groups       

40-54 1 1 1 

55-69 3.15***                      

(.39) 

3.18***                                

(.43) 

2.86***                        

(.40) 

70 and over 3.70***                     

(.57) 

5.18***                                         

(1.35) 

2.01***                              

(.45) 

Country  Variables  

  

Germany 1 1 1 

France .72***                       

(.01) 

2.24***                      

(.06) 

.17***                            

(.00) 

Belgium .46***                            

(.02) 

.79***                               

(.04) 

.45***                         

(.03) 

Netherlands .31***                          

(.01) 

.45***                              

(.03) 

.38***                          

(.02) 

Italy .65***                       

(.03) 

1.67***                        

(.14) 

.36***                     

(.02) 

Luxembourg .93***                      

(.02) 

1.02                            

(.04) 

.76***                               

(.03) 

Denmark .11***                     

(.01) 

.15***                    

(.01) 

.05***                       

(.00) 

Ireland 1.00                               

(.02) 

1.26***                          

(.04) 

1.12***                           

(.03) 

UK .27***                             

(.01) 

.69***                        

(.04) 

.13***                    

(.01) 

Greece .34***                      

(.02) 

.48***                          

(.04) 

.41***                        

(.02) 

Spain .64***                            

(.04) 

1.34***                          

(.11) 

.14***                             

(.01) 

Portugal 1.01                             

(.08) 

2.38***                             

(.23) 

.38***                              

(.04) 

Finland .46***                                

(.02) 

.85***                            

(.04) 

.37***                           

(.02) 

Sweden .41***                        

(.02) 

.42***                                  

(.02) 

.30***                            

(.02) 

Austria 2.10***                    

(.09) 

1.86***                      

(.10) 

.72***                              

(.03) 

Cyprus .82***                       

(.04) 

1.10                                    

(.07) 

.86***                         

(.04) 

Czech Rep .11***                       

(.01) 

.35***                     

(.03) 

.05***                         

(.00) 

Estonia .18***                       

(.01) 

.32***                           

(.02) 

.21***                          

(.01) 



CHAPTER 4- UNDERSTANDING UPTAKE OF PSA TESTING 

105 
 

Hungary .35***                        

(.01) 

.46***                             

(.02) 

.35***                              

(.01) 

Latvia .51***                     

(.02) 

1.29***                      

(.07) 

.21***                              

(.01) 

Lithuania .50***                          

(.01) 

1.09**                        

(.04) 

.25***                                

(.01) 

Malta .49***                              

(.01) 

.43***                        

(.01) 

.49***                                 

(.02) 

Poland .13***                         

(.00) 

.36***                           

(.02) 

.09***                        

(.00) 

Slovakia .29***                           

(.01) 

.44***                      

(.03) 

.07***                             

(.00) 

Slovenia .22***                         

(.01) 

.43***                       

(.02) 

.17***                                   

(.01) 

Croatia .10***                          

(.00) 

.22***                         

(.01) 

.04***                            

(.00) 

WALD Test Statistic chi
2
( 7) =   34.59 chi

2
( 7) =   10.93 chi

2
( 7) =   65.51 

(Joint Significance of 

Education & SES ) 

 Prob > chi
2
 = 0.00  Prob > chi

2
 = 0.14  Prob > chi

2
 = 0.00 

Notes: 

1) Standard errors in brackets 

* Significant to the 90 percentile (P > 0.10) 

** Significant to the 95 percentile (P > 0.05) 

***  Significant to the 99 percentile (P > 0.01) 

 

 

 Focusing on the heterogeneity across countries, the secondary analysis of the 

subgroup of 17 countries on whom data were available is presented in Table 4.7 (as 

odd ratios with robust standard errors in brackets). Since country fixed effects 

capture more of the heterogeneity across countries than GP gatekeeper, Gini Index 

and GDP per capita, a loss of power explains the decreased significance of the 

explanatory variables. In terms of individual characteristics, age and marriage 

continue to have a significant impact on uptake of screening. Smoking is only a 

significant determinant in respect to overall uptake. Education is no longer a 

significant predictor of uptake though socio-economic status remains a strong 

determinant, with the socio-economic grouping (SCUC), assumed one of the lowest 

groups as respondent’s reported never being employed, being significantly less likely 

to be PSA tested overall or by one’s own initiative. Notably, in healthcare systems 

where the GP is assigned a gate-keeping role, uptake is significantly lower overall 

and with respect to patient initiated screens, as well as achieving borderline 
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significance with respect to doctor initiated screens. In terms of the additional 

variables, the Gini index and GDP per capita (which were both categorised into 

groups) were found insignificant in all three models suggesting the variation 

observed in the fixed effects is not directly attributable to differences in inequality or 

income levels.  

 

Table 4.7: Multivariate analysis using logistic odds ratios including GP 

gatekeeping classification, GDP per capita and Gini Coefficient  

 General                     

PSA Test  

 (N= 3241) 

Doctor Initiated 

PSA Test 

  (N= 3241)     

Patient Initiated 

PSA Test 

  (N= 3241) 

Marital Status 

Single/Divorced/ 

Widowed 

1 1 1 

Married 1.22*                        

(.15) 

.95                             

(.13) 

1.44**                     

(.25) 

Region  

Rural 1 1 1 

Town .99                           

(.11) 

.95                           

(.08) 

1.15                          

(.18) 

Health Indicator  

Non-Smoker 1 1 1 

Smoker .75**                           

(.10) 

.77                                  

(.15) 

.75                         

(.15) 

Education Groupings (Age finished schooling)   

Education Age 14 1 1 1 

Education Age 16 .94                           

(.19) 

.95                                

(.24) 

1.02                            

(.23) 

Education Age 18 1.12                        

(.26) 

1.29                                  

(.39) 

1.12                            

(.30) 

Education Age 21 1.14                              

(.27) 

1.08                          

(.33) 

1.07                      

(.29) 

Education Age 22 1.06                               

(.19) 

1.02                                

(.27) 

1.24                        

(.31) 

Socio-Economic Groupings   

SC12 1 1 1 

SC34 .69**                        

(.11) 

0.79                                    

(.15) 

.55**                          

(.14) 

SC56 .90                        

(.14) 

1.09                             

(.19) 

.69*                             

(.14) 
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SCUC 

 

.50***                              

(.11) 

.72                          

(.20) 

.38***                        

(.11) 

Age Groups  

40-54 1 1 1 

55-69 2.80***                           

(.42) 

3.11***                        

(.53) 

2.53***                            

(.37) 

70 and over 2.85***                     

(.53) 

4.26***                   

(1.32) 

1.75**                            

(.47) 

 

 

GP gatekeeper classification  

GP gatekeeper = 0 1 1 1 

GP gatekeeper = 1 .52***                         

(.11) 

.66*                                  

(.16) 

.50***                                 

(.10) 

Gini Index Categories  

Gini 1 (lowest) 1 1 1 

Gini 2 .84                         

(.27) 

1.08                                       

(.35) 

1.04                              

(.40) 

Gini 3 .85                           

(.31) 

1.26                         

(.48) 

.73                              

(.25) 

GDP per cap  Categories  

GDP 1 (lowest) 1 1 1 

GDP 2 1.00                              

(.60) 

.96                           

(.54) 

.94                                    

(.53) 

GDP 3 1.41                          

(.75) 

.82                                  

(.43) 

1.68                               

(.82) 

WALD Test Statistic chi
2
( 11) =   54.43 chi

2
( 11) =   10.12 chi

2
( 11) =   98.32 

(Joint Significance of 

Education, SES, Gini & 

GDP dichotomous 

variables) 

 Prob > chi
2
 = 0.00  Prob > chi

2
 = 0.52  Prob > chi

2
 = 0.00 

Notes: 1) Standard errors in brackets 

* Significant to the 90 percentile (P > 0.10) 

** Significant to the 95 percentile (P > 0.05) 

***  Significant to the 99 percentile (P > 0.01) 

 

 

 

 

 



CHAPTER 4- UNDERSTANDING UPTAKE OF PSA TESTING 

108 
 

4.3.4 Discussion 

 

 A number of noteworthy points emerge from the results. First, and perhaps 

most obvious is that while a consensus on the effectiveness of PSA testing has yet to 

emerge, uptake over a 12 month period in several European countries suggest the test 

is utilised almost on a routine basis on those aged over 40. While significant 

variation is evident, that almost one third of those aged 70 and over across the 

sample should receive a test when there is little evidence to support its use in this age 

group is worrying. Similarly that the spread in uptake should range 5% to 43% 

suggests significant practice variation that is likely to have associated with it 

significant welfare loss. 

  

Second, as evidenced in Tables 4.6 and 4.7, significant variation exists 

between individuals in terms of PSA uptake and who initiated the test. While men 

aged 70 and over are, for example, 2.85*** times more likely to have a test than those 

aged 40-54, they are 4.26*** times more likely to have had a test initiated by the 

doctor, (see Table 4.7, results that echo those of Table 4.6). Similarly, with respect to 

marital status while those who are married are approximately 20% more likely to 

have a test than those who are not married, they are almost 45% more likely to have 

initiated the screen. This variation suggests that differences exist between individuals 

in terms of the principal-agent relationship from which the decision to test is likely 

to emerge; characteristics of the individual for example, age, marital status and 

smoking status, influencing who is likely to suggest getting tested. While with 

respect to the married group the results are consistent with the notion of “pester 

power” in health behaviours. (Burns et al, 2012a; Walsh et al 2011) Why the over 

70’s age group should be more than 4 times as likely to have a test initiated by a 

doctor and less than 2 times as likely to initiate it themselves (relative to the 40-54 

age group) is less clear and needs further investigation, particularly given the 

European guidance on PCa screening for this age cohort. The benefit of undergoing a 

PSA test for those aged 70 and over does not outweigh the harms of over-diagnosis 

and overtreatment as discussed in Chapter 3. Doctor’s recommending PSA testing to 

this age cohort to this extent may evidence a lack of understanding of the clinical 
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benefit. This survey however was conducted in 2006, when evidence from RCTs was 

less robust which may be a contributory factor.  

 

 Third, consistent with other studies, a significant social gradient is observed 

in PSA uptake across Europe; evident more strongly with respect to socio-economic 

group than with respect to education. (Burns et al, 2012a; Walsh et al 2011) 

Interestingly again, if comparing uptake initiated by the individual with uptake 

initiated by the doctor, in either analysis presented, the social gradient is more 

pronounced for patient initiated PSA testing. That is, where the choice to obtain a 

PSA test can be more immediately assigned to the individual, the likelihood that 

those from more disadvantaged socio-economic groups will not avail of tests is more 

pronounced relative to those of higher socio-economic groups.  While the Wald test 

for socio-economic inequality is not significant for doctors initiative (Chi2=10.12; 

P=0.52), this statistic highlights significant inequality for own initiative 

(Chi2=98.92; P=0.00). Results remain similar when country fixed effects are 

included in the analysis, though inequalities as observed by the Wald statistic are 

slightly smaller.  

 

 Fourth and perhaps the most interesting is that in countries where the GP 

performs a gate-keeping function in the healthcare system, PSA tests are 

significantly less likely to be undertaken when other variables are controlled for. The 

importance of a primary care system in which the doctor can not only act as a 

gatekeeper to other services but coordinate care has been highlighted both by the 

World Health Organization (2004) and by the European Commission (2010). That 

almost all EU member states are moving towards a system in which primary care 

acts as a gatekeeper/care coordinator in the interests of care quality and efficiency, 

has received comment from the European Commission (2010). In as much as a clear 

consensus on the merits of PSA testing has yet to emerge, the results here, suggest 

such a system may indeed improve the use of resources and patient experience in 

respect of PSA testing though this is predicated on the existence of clear guidance to 

primary care physicians/ GPs and effective incentive mechanisms on their behaviour.    
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This analysis has several limitations. The GP gatekeeper classification did 

not extend to the EU-28 and therefore the investigation into cross-country variation 

was limited. The fact that no significant role for GDP per capita and the Gini Index 

was evidenced despite the significance of country level fixed effects suggests that 

there is still unexplained cross-country heterogeneity evident. However, exploring 

these differences further would require a greatly expanded dataset ideally in the form 

of a panel that would allow us to control for idiosyncratic variation at the level of the 

individual. Further analysis employing other indicators of healthcare system 

classification as well as overall societal functioning may provide further insight to 

the drivers of cross-country variation in PSA uptake.  

 

The research undertaken enhanced understanding of the principal-agent 

relationship in the decision to undergo a PSA test. In particular, the analysis 

highlighted a socio-economic gradient in uptake of screening which was strongest 

overall for patient-initiated screening. However looking at increased likelihood of 

undergoing a PSA test in the RoI (with Germany as the basecase), men are 26% (P < 

0.01) more likely to have a GP suggested PSA test and 12% (P< 0.01) more likely to 

have self-initiate a PSA test. Overall men in the RoI are no more or less likely to 

have a PSA test than Germany, however this may be partly due to 4% of those 

undergoing PSA testing in Germany falling into other screening categories of either 

don’t know (3%) or as part of a perceived screening programme (1%), whereas all 

men reporting testing in the RoI were either GP or self-initiated testing. The trends 

highlighted therefore add to the knowledge accumulated in relation to the PSA 

testing landscape in the RoI. There is no national record of PSA testing in the RoI 

nor is there Irish data highlighting how testing is initiated. This analysis suggests that 

compared to European counterparts the RoI is utilising PSA testing as a screening 

mechanism for PCa at high levels (also evidenced in comparison on incidence rates) 

and screening decisions are being made by both the GP and the patient in nearly 

equal proportions. However compared to Germany, GPs in the RoI are significantly 

more likely to suggest PSA testing which is an important finding. The analysis 

highlights variation in current practice which may impact on findings from a CEA. It 

also highlights the potential role of incentives impacting on behaviour (depending on 

the type of gatekeeping structure in operation in primary care) and the potential for 
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inequality in PSA uptake in the presence or absence of a population-based screening 

programme being introduced. Caution in comparing findings of a CEA in one 

jurisdiction with another is also of note given the evident variation in current practice 

and thus choice of comparator. 

 

4.3.5 Conclusion 

 

 This is the first examination of PSA testing as a mechanism for PCa 

screening across European countries (EU-28). The analysis highlights significant 

variation within and between EU member states in terms of PSA uptake and in terms 

of who initiated uptake. The existence of socio-economic gradients within countries 

echoes previous studies on inequality with respect to other types of screening in the 

EU; inequality in uptake of screening for cancer necessitates policy responses in 

order to combat inequality in outcomes. (Walsh et al, 2011) In the case of PSA 

uptake, those who are better off are over-utilising a screening mechanism with 

limited predictive power and arguable more long-term risks than benefits, a unique 

type of inequality but inequality nonetheless. The varying levels of PSA testing 

observed, given the lack of consensus on its merits particularly among those aged 70 

and over, is noteworthy as is the role of the doctor in initiating tests among this age 

group. That healthcare systems in which primary care, acts as a gatekeeper to other 

services have significantly lower uptake of PSA testing though, points to a 

mechanism by which control on practices might be exercised.  

 

The importance of gathering evidence on PSA uptake across the EU 

including the RoI has been highlighted throughout this chapter. In particular, the 

framing of the PSA uptake question in the Eurobarometer population dataset 

facilitated the in-depth analysis performed in section 4.3. The information retrieved 

from both surveys permitted a detailed assessment of the factors associated with 

PSA uptake and trends persisted across both types of analyses, namely a socio-

economic gradient in uptake of PSA testing. While individual characteristics can 

assist in explaining the variation in PSA uptake which in turn facilitates a deeper 

understanding on what factors are driving the decision to screen, further questioning 
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based on examining the nature of the principal-agent relationship as presented in 

Eurobarometer, assist in explaining potential unobserved heterogeneity. Given the 

ambiguity of the efficacy of asymptomatic PSA testing, and the high variation in 

PCa incidence rates across the EU discussed in Chapter 3, the nature of the 

principal-agent relationship is key in formulating a policy response. Further 

investigation across the EU using similar framing methods i.e. obtaining information 

on who suggested the respondent have a PSA test, to assess PSA uptake is expected 

to be undertaken in the future by Eurobarometer. The examination used in section 

4.3 employed data published in 2006; this was at the height of unregulated PSA test 

usage previous to formal guidance issued by the USPSTF and the EUA. Capturing 

more recent data on trends in PSA uptake across the EU assists in highlighting how 

the introduction of formal guidance as well as the release of longer, follow-up results 

from the two main RCTs, have affected the variation in uptake across countries. 

Further to this, changes in the strength of socio-economic gradients can be 

investigated to assess whether countries have fostered further disparities throughout 

the economic instability experienced across the EU since 2008. 
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Chapter 5: Measuring Inequality in Prostate Cancer Survival  

 

5.1 Introduction 

  

Consistent with documented evidence of socio-economic variation in the 

uptake of screening programmes for cancer internationally, evidence of a socio-

economic gradient in uptake of PSA testing, both in the RoI and across the EU, was 

presented in Chapter 4. (Morris et al, 2012; Pruitt et al, 2009; Walsh et al, 2010; 

Walsh et al, 2012) A pro-rich pattern of PSA uptake was found in the RoI, the main 

driver being those who held PHI. This has the potential to impact on subsequent 

treatment and health outcomes. Differences existing across socio-economic groups 

and impacting both on measures of cost-effectiveness, which may be predicated on 

certain levels of uptake, and the distribution of the benefits of new technologies 

adopted for reimbursement by the State need to be understood. Similarly, it is 

conceivable that differences in all-cause mortality among PCa patients related to 

socio-economic status exist. While the level of all-cause mortality of PCa patients 

has significance for potential QALY gains that may accrue following the 

introduction of a screening programme, differences in these gains across socio-

economic groups have the potential to impact on the distribution of any gains 

following the adoption of the screening programme. Therefore, for purposes of 

understanding variation in current practice across the full PCa patient pathway, 

assessing whether or not inequality persisted post-diagnosis, in terms of all-cause 

mortality for PCa patients and what role, if any, is accorded PHI is both valuable and 

necessary information for decision makers.  

This chapter employed a series of analytic techniques to examine all-cause 

mortality for PCa in the RoI to ascertain if there is a similar pro-rich pattern among 

individuals with PCa. Furthermore, the role accorded PHI in patterns of PCa survival 

is also unclear and has not been reviewed previously in the RoI. Therefore, the aim 

of this analysis was to examine what role, if any, location of care i.e. public versus 

private, and socio-economic status had on all-cause mortality for those diagnosed 
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with PCa from 1998-2009 in the RoI, controlling for a range of clinical and socio-

demographic variables.   

 

5.2 Background 

 

In the RoI, approximately 3,000 men are diagnosed annually with PCa. 

(NCRI, 2011)  As cancer control strategies become more successful, issues around 

survivorship have begun to receive more attention from researchers and policy 

makers. Identifying variations in survival patterns and seeking to explain these 

among cancer patients has attracted particular attention. (Brenner et al, 2005; 

Lyratzopoulos et al 2010; Clarke, 2008) The incidence and survival rates in PCa 

offer a greater opportunity to examine variations in survival compared with other 

cancers as PCa is now the most commonly diagnosed cancer in men in developed 

countries. (Globocon, 2008) Survival prospects for men are good with the mean 

European age and area-standardised 5-year survival for men diagnosed in 1995-99 

was 76% and the 5-year relative survival in the RoI was 88% for patients diagnosed 

in 2004-07. (Sant et al, 2008; NCRI, 2011) Survival increases depending on the 

clinical stage at diagnosis with those detected in early stages having >95% 5-year 

survival. (ibid) However, early diagnosis (early in relation to clinical stage) of PCa 

does not indicate that cancer was caught before it became aggressive (as with most 

other cancers), as low-risk PCa normally measured using Gleason scoring or grading 

may never progress or become aggressive. (Drummond et al, 2010; Leal et al, 2014) 

Gleason grading for PCa is a form of prognostic indication based on “the histologic 

pattern of arrangement of carcinoma cells and linked to PSA level and clinical 

staging.” (Humphrey, 2004) Gleason grades or scores take values from 2 to 10, with 

the lower the grade signalling localised, less-aggressive PCa. Clinical staging is 

categorised into four stages, again the lower the stage the less-aggressive the PCa. 

(Roach et al, 1999) The debate around whether or not PSA testing has a clinical 

benefit i.e. a mortality benefit, was discussed in Chapter 3. In summary, the fact that 

most PCa diagnosed as a result of asymptomatic PSA testing is of low clinical stage 

and Gleason grade, with technical limitations in understanding whether or not the 
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PCa will within the lifetime of the patient become aggressive, is the main argument 

used. Based on this, survival estimates for localised or low-grade PCa are nearly 

100% internationally, as the majority or men live symptom-free across their lifetime. 

(NCRI, 2014; Neppl-Huber et al, 2012) 

 

5.3 Materials & Methods 

 

5.3.1 Study Setting 

 

To recap on the setting as discussed in previous chapters, the RoI has a mixed 

public-private healthcare delivery model. All citizens are entitled to the standard 

level of care within the public system with some co-payments (including prescription 

charges and General Practitioner (GP) charges for those above a given level of 

income). Approximately one third of the population are entitled to free healthcare 

services and medicines under the Health Service Executive (HSE) General Medical 

Services (GMS) scheme based on income and/or age criteria. (HSE, 2012) During 

the period of this study, approximately 45% of the population held PHI, with 

insurance plans which mainly cover the costs of in-patient stays and outpatient visits; 

PHI is perceived by many to provide speedier access to care. (Colombo et al, 2004) 

There are 48 public hospitals in the country, including 8 designated cancer centres; 

however, cancer patients are also treated outside these cancer centres. (HSE, 2013) 

Many of the public hospitals contain some private beds, which patients with PHI 

may choose to use. There are also a growing number of private hospitals (n=24), 

some of which undertake cancer surgery and/or provide radiotherapy. 

Approximately 83% of total acute public hospital discharges (N=1,332,680 

excluding maternity) in 2011 were categorised as being treated on a public basis. 

(ESRI, 2011) In 2004, the government set up a statutory body, the National 

Treatment Purchase Fund (NTPF), to alleviate the long waiting lists for public 

patients; the NTPF monitors public patients on waiting lists for over three months 

and purchases treatment for these patients in private hospitals. (National Treatment 
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Purchase Fund, 2006) The proportion of public patients treated in a private setting 

under this initiative is small; in 2010 the total in-patient services carried out under 

the NTPF was 24,118 (<2% of overall total discharges), with urology and radiology 

accounting for on average 11% of all NTPF procedures. (Patient Treatment Register, 

2010) Therefore, the majority of patients treated in a public setting do not obtain 

private healthcare, suggesting they do not hold PHI, and the majority of patients 

treated in a private setting appear to do so as a result of possession of PHI.  The 

likelihood of a patient undergoing treatment in a private setting without holding PHI 

in the RoI is negligible. Therefore, for this analysis the setting in which the patient 

received treatment acted as an indicator for ability to afford private care and so a 

proxy for whether they held PHI or not. 

 

5.3.2 Data 

 

Data were extracted from the National Cancer Registry Ireland (NCRI), for 

all patients diagnosed with PCa (ICD10 C61) during 1998-2009 inclusive 

(N=26,938); at the time of this analysis full patient records were available for men 

diagnosed with PCa in the RoI from 1994-2009. Men with incomplete records in 

relation to age (n=18), clinical staging (n=8), county of residence (n=9) and those 

diagnosed through autopsy (n=87), were excluded (total n=122); these characteristics 

were used as explanatory variables in the analysis and so based on the small number 

(0.4%) were removed rather than imputed. The remaining patients (n=26,816) were 

stratified into three age-groups, 35 to 54 years, 55 to 69 years and >70 years, based 

on those used in the ERSPC and previous analyses. (Burns et al, 2012a/ 2012b; 

Eckersberger et al, 2009; Schröder et al, 2014) Five socio-economic groups were 

constructed using a national, standardised, area-based measure of deprivation for 

patients’ place of residence at diagnosis with ‘SES1’ being the highest and ‘SES5’ 

the lowest socio-economic grouping; area-based measures were recorded on a 10 

point scale by NCRI technicians. (Denvir et al, 2006; Kelly et al, 2007) A sixth 

group, ‘SESunk’ was constructed for those who were unclassified i.e. patients whose 

addresses were insufficiently precise to be able to allocate them to a deprivation 

category (n=2,771). Cases were also classified according to the province of residence 



CHAPTER 5- MEASURING INEQUALITY IN PROSTATE CANCER SURVIVAL 

117 
 

(of which there are four in the RoI). Patients were classified according to whether or 

not they were married or living as such at diagnosis and a binary variable for 

smoking status was constructed reflecting whether or not the man was a smoker at 

the time of diagnosis based on medical record information recorded at the time of 

registration.   

In terms of clinical variables, cases were grouped according to the way in 

which they presented i.e. (1) opportunistic “screening,” (2) incidental (discovery 

during the course of another investigation including Transurethral Resection of the 

Prostate (TURP)), (3) symptomatic, and (4) ‘other’ (either unknown, unrecorded or 

not fitting into the other categories appropriately). Data was available on PCa 

intensity using Gleason grade and clinical and pathological classification using TNM 

staging. (Roach et al, 1999) From this, four categories were constructed for grade of 

PCa: grade 1, Gleason grade <5; grade 2, Gleason grade 5-7; grade 3, Gleason grade 

>7 and grade 4- undifferentiated tumour grade; a binary variable for grade unknown 

was also constructed. (Humphreys, 2004; Mostofi et al, 1975) In keeping with 

clinical guidelines, each PCa was characterised in terms of summary stage, in five 

categories (stage I-IV, and unknown). (Roach et al, 1999) Additional analyses 

revealed that the majority of patients with unknown grade and stage were over 70 

years and received treatment similar to those with late stage PCa; therefore assuming 

a hierarchical ordering, this suggests stage unknown is similar to stage 4 and grade 

unknown is similar to grade 4 with individual survival estimates further bolstering 

this assumption. 

A variable classifying patients according to the likelihood of public/private 

status of their PCa healthcare provider(s) was constructed as follows. Each hospital 

at which a patient is seen in the first year following diagnosis is recorded by the 

NCRI. Since it was not possible to identify the type of bed (i.e. public or private), 

occupied by a patient in a public hospital for this analysis “public” patients were 

defined as those who attended only public hospitals during the first year of their 

treatment. In the same manner, those who used only private facilities for their 

treatment were classified as “private” patients. A third group, those who received 

part of their care privately was also constructed. These categories can be thought of 

as representing the observed counterpart of the unobserved variable i.e. likelihood of 
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being a private patient. Patients treated publicly only being likely to be public 

patients, those treated partly in the public and partly in the private system being less 

likely to be public patients and those treated solely in the private sector being 

unlikely to be public patients. A binary variable was constructed for those who 

accessed private care either partly or wholly with the counterpart being those who 

did not access any private care i.e. patients receiving care in a public facility only. 

Deaths in those diagnosed with cancer are identified by the NCRI by routine 

linkage with death certificates. For this study, information on death was complete 

until 31/12/2010 (thus, all patients had at least one year follow-up as full diagnosis 

data was available up until 31/12/2009). Deaths from all-causes were considered. A 

detailed account of the construction of each variable used in this analysis is provided 

in Appendix 2. 

 

5.3.3 Analysis 

 

Survival time was calculated in months, from date of diagnosis (month and 

year), with censoring applied for varying follow-up periods (as men diagnosed 

between 1998 and 2009 were examined) ensuring all individuals had the opportunity 

to die in the observed period:  

(i) the entire observed follow-up period available (i.e. to 31/12/2010) with 

varying survival potential depending on month and year of diagnosis;  

(ii) 3-year (36 months) follow-up for those with the opportunity to survive 

for 36 months; 

(iii) 7-year (84 months) follow-up for those who had the opportunity to 

survive for 84 months.  

The analyses were performed using Stata statistical software package. The impact of 

socio-economic status and healthcare provider(s) i.e. private versus public, on 

survival was examined in three ways; the three approaches were used for 

confirmatory purposes as well as for purposes of exposition. Firstly, a series of Cox 

proportional hazards (PH) models were run exploring the role of healthcare provider 
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alone (i.e. unadjusted for socio-demographic and clinical confounders) by year of 

diagnosis. Mathematically the Cox PH model can be written as such: 

(7)                                                                                               

 

where the hazard function h(t) is dependent on (or determined by) a set of p 

covariates (X1, X2, ..., Xp), measured by their respective partial slope coefficients 

(b1, b2, ..., bp). h0 denotes the baseline hazard; the value of the hazard when all Xi are 

equal zero.  

 

The assumptions, strengths and weaknesses of employing a Cox proportional 

hazards regression model for survival analysis in cancer have been extensively 

debated in the literature. (Abadi et al, 2012; Bradburn et al, 2003) One of the main 

limitations of the conventional Cox model is that the results are valid and 

interpretable only when hazards are proportional over time i.e. when the risks of 

failure (death) are consistent over the time period assessed. Initial analyses revealed 

that the assumptions required for drawing inference from the Cox PH model were 

not fulfilled and therefore an extension of this methodology, a non-PH model was 

pursued. Thus in the second approach, a series of stratified, Cox non-PH models 

were undertaken examining socio-economic status controlling for a range of 

covariates including healthcare provider, using a conditional approach. (Ata et al, 

2007) Mathematically the Cox non-PH stratified model can be written as such: 

          (8) 

             

where as in formula (1), the hazard function h(t) is dependent on (or determined by) 

a set of p covariates (X1, X2, ..., Xp), measured by their respective partial slope 

coefficients (b1, b2, ..., bp). The interaction model introduces g, the stratum and k, the 

number of strata within the stratum. Therefore the hazard function for each stratum, 

as a function of time and the covariate (t, x), is measured by the stratified 

coefficients. Categorical variables for socio-economic status were tested for joint 
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significance using Wald tests; Global tests were employed for each Cox regression 

model to measure model appropriateness.   

Thirdly, a series of logistic models were undertaken (explained in Chapter 4); 

in these models the outcome of interest was a binary variable for vital status, alive or 

dead. The models assessed the impact of a wider range of demographic and clinical 

explanatory variables, including interactions, on vital status not possible within the 

PH framework; thus providing impacts of a wider range of contributory factors on 

survival in a confirmatory manner albeit not addressing time dependency on 

explanatory variables (assessing the impact of the range of explanatory variables on 

vital status in a static sense rather than taking into account the impact of how these 

impacts may change over the survival period). Wald tests for joint significance of 

clinical variables (i.e. grade and stage) and for demographics (i.e. region of 

residence) and socio-economic status were performed. To report robust standard 

errors, logistic models were clustered by year of incidence, due to the potential for 

intragroup correlation. Classification competency, a summary measure of overall 

model accuracy and predictive power used in logistic or probit models, was also 

calculated. (Hosmer et al, 2013; Leffondre et al, 2003)   

 

5.4 Findings 

 

26,816 men diagnosed with PCa from 1998 to 2009 were analysed with 

follow-up to 31/12/10 available at the time of this analysis. For the analysis based on 

3-years follow-up, 79% of men (16,116 of the 20,507 men diagnosed in 1998-2007) 

survived for 36 months or longer (follow-up period-31/12/10). For the analysis based 

on 7 years follow-up, 55% of men (5,634 of the 10,310 diagnosed from 1998-2003) 

survived for 84 months or longer. Table 5.1 details descriptive statistics for the entire 

study population.   
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Table 5.1: Characteristics of prostate cancers diagnosed from 1998-2009
1 

Variable Name Number of 

observations 

Variable Name Number of 

observations 

Health provider:  

Public 

18683 (70%) Marital status:      

Married 

17715 (66%) 

   Private/ Mixed 8133 (30%) Single/ Divorced/ 

Widowed/Unknown 

9101 (34%) 

Socio-economic status:   

SES1  

4756 (18%) MOP
2
:   

Other 

6338 (24%) 

SES2 3138 (12%) Screen- opportunistic 4105 (15%) 

SES3 3657 (14%) Incidental 2854 (11%) 

SES4 4708 (18%) Symptomatic 13519 (50%) 

SES5 7786 (29%) Smoker at diagnosis:        

No 

23129 (86%) 

SES Unknown 2771 (9%) Yes 3687 (14%) 

Stage:    

Stage I  

872 (3%) Province:     

Leinster 

12434 (46%) 

Stage II 14009 (52%) Ulster 7958 (30%) 

Stage III 2252 (8%) Connacht 4406 (16%) 

Stage IV 3111 (12%) Munster 2018 (8%) 

Stage Unknown 6572 (25%) Age: 35-54 years 1579 (6%) 

Grade: Gleason <5 1932 (7%)          55-69 years 12224 (45%) 

            Gleason 5-7 14324 (53%)          70 years and over 13013 (49%) 

            Gleason >7 5131 (19%)   

            Undifferentiated 85 (<1%)   

            Grade Unknown 5344 (20%)   

Notes:   

1.) 26,938 diagnosed in 1998-2009 but (n=122) excluded from analysis due to missing data.  

2.)   MOP- method of presentation. 

Those treated solely in a public healthcare setting accounted for 70% (n=18,683) of 

those diagnosed and the remaining 30% (n=8,133) were classified as receiving 

private care in part or wholly during their treatment pathway: 17% (n=4,465) were 

treated solely in a private setting and 13% (n=3,668) received care in both public and 

private settings. 

Table 5.2 presents changes in mortality trends over the time period examined.  

Variation in survival is evident dependent upon the year of diagnosis.  It is expected 

that the proportion of PCa patients that survived into 2010 would increase with year 

of diagnosis due to both natural histological progression and increases in survival 

trends as a results of changes in diagnosis/ treatment practices; however from 2000 
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to 2001 the change in the proportion that survived into 2010 was 23%, yet from 2001 

to 2002 the change in the proportion that survived into 2010 was much lower at 

13%. Crude hazard ratios for a series of Cox PH regression models examining the 

impact of healthcare provider on all-cause mortality by year of diagnosis are 

illustrated in Figure 5.1; these are shown only for the entire follow-up period 

available i.e. 31/12/2010.   

Table 5.2: Mortality Trends for Prostate Cancer 1998-2009 

Year Of 

Incidence 

Survived in 

2010 

Deceased before 

2010 

Total* % Survived 

into 2010 

1998 369 973 1,342 27.50% 

1999 495 990 1,485 33.33% 

2000 650 1,049 1,699 38.26% 

2001 893 1,002 1,895 47.12% 

2002 1,132 1,000 2,132 53.10% 

2003 1,328 816 2,144 61.94% 

2004 1,909 740 2,649 72.06% 

2005 1,817 635 2,452 74.10% 

2006 1,972 521 2,493 79.10% 

2007 2,309 454 2,763 83.57% 

2008 2,397 339 2,736 87.61% 

2009 2,818 208 3,026 93.13% 

Total 18,089 8,727 26,816 67.46% 

* The total column also reflects total incidence in the given year. 
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Figure 5.1: Crude hazard ratios, with 95% confidence intervals, for healthcare 

provider by year of diagnosis for men diagnosed with prostate cancer from 1998-

2009 

Notes:  
1.) This graph contains 12 individual Cox PH models (one for each year of diagnosis i.e. 

1998-2009, with varying, corresponding follow-up periods until 1/1/11) where the base 

category is ‘Public Payer’ for varying follow-up periods and the hazard ratios 

representing ‘Private payer.’  

2.) All hazard ratios presented are statistically significant and confidence intervals are 

depicted by the line segment.  

3.) The test of proportional hazards (global test) revealed marginal non- 

proportionality for models with the following year of diagnosis: 1998, 2002, 2003, 2004; 

therefore caution is warranted in interpretation. 

  

The hazard ratio fluctuated by year of diagnosis and on average, those who 

were seen or treated at any time in the first year post-diagnosis in a private 

healthcare setting had a statistically significant reduced risk of death compared to 

those seen or treated solely in a public setting (univariate HR 0.43 (95% CI: 0.41, 

0.45)). When controlled for age and clinical factors i.e. stage and grade, the effect of 

healthcare provider was diminished but remained statistically significant for the 

entire follow-up period (HR: 0.608; 95% CI: 0.573, 0.644). Over a 36 month follow-
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up a 42% reduced hazard of death was observed (HR: 0.577; 95% CI: 0.530, 0.628), 

and a 37% reduced hazard was observed at 84 months (HR: 0.628; CI: 0.581, 0.679). 

Approximately 80% of those diagnosed between 1998 and 2009 presented with PCa 

under the following categories: Screening- Opportunistic (16%), Incidental (11%) or 

Symptomatic (52%). These leading methods of presentations varied considerably 

across the diagnosis period, as presented in Figure 5.2. The increases in 

opportunistic screening are synonymous with the increases in PSA testing witnessed 

in the RoI from the late 1990’s. The variation in the manner in which men presented 

with PCa may impact on their clinical staging, treatment options and overall survival 

risks; thus variation over time in presentation may impact on the inconsistency 

evidenced in proportionality of hazards over time. 

 

Figure 5.2: Method of presenting with prostate cancer from 1998-2009 
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Results from the stratified, interaction Cox regression models for non-PH are 

presented in Table 5.3 and Table 5.4. Over both follow-up times, a significant role 

accorded to socio-economic status was evidenced when stratified by non-need 

factors i.e. healthcare provider, marital status and region of residence. Patients 

treated in a public setting from the lowest socio-economic group had a 21% (P<0.01) 

increased hazard of death over the 36 month follow-up and a 25% (P<0.01) 

increased hazard of death over the 84 month follow-up compared to those from the 

highest socio-economic group. However, patients treated in part or wholly in a 

private setting exhibited no social gradient for either follow-up time in the non-PH 

models, albeit PHI may have captured this effect.  

Table 5.3: Multivariate stratified Cox regression for 36 month survival 

Stratified interaction non-PH Cox regression Model  (36 month follow-up) 

 

 Private Public Married Not Married 

SES1 1 1 1 1 

SES2 1.02        1.19***        1.34*** 1.09 

SES3 0.95 1.01 1.10 1.03 

SES4  1.00      1.16**        1.31*** 1.08 

SES5 1.05        1.21***        1.43***      1.15** 

SES Unknown  0.85      1.15** 1.14 1.15 

Global Test 8.22 (P=0.14) 4.88 (P=0.43) 7.09 (P=0.21) 8.88 (P=0.11) 

Wald Test *SES group Chi2(5)= 2.02 

(P=0.85) 

Chi2(5)= 21.31  

(P=0.00) 

Chi2(5)= 42.67  

(P=0.00) 

Chi2(5)= 5.54  

(P=0.35) 

Number of 

Observations 

6191 14316 13929 6578 

 Gleason       

grade 5-7 

Gleason    grade 

>7 

Stage II Stage III 

SES1 1 1 1 1 

SES2       1.46*** 1.16        1.58*** 1.23 

SES3     1.20** 1.05   1.24* 0.94 

SES4     1.29**      1.20**        1.40*** 1.02 

SES5       1.58***       1.24***        1.51***   1.46* 

SES Unknown       1.36*** 1.19      1.35** 0.98 

Global Test 6.98 (P=0.22) 4.36 (P=0.50) 12.03 (P=0.04) 6.07 (P=0.29) 

Wald Test *SES group Chi2(5)=29.24 

(P=0.00) 

Chi2(5)= 9.01 

(P=0.10) 

Chi2(5)= 23.50 

(P=0.00) 

Chi2(5)= 6.08 

(P=0.30) 

Number of 

Observations 

11105 3881 10306 1690 
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 Leinster Connacht Munster Ulster 

SES1 1 1 1 1 

SES2       1.41*** 1.21 1.00 0.75 

SES3 1.16* 0.90 1.00 0.95 

SES4       1.29***    1.27* 1.00 1.03 

SES5       1.59***  1.17   1.17* 0.79 

SES Unknown       1.30*** 1.10 1.03 0.60 

Global Test 5.18 (P=0.39) 9.89 (P=0.08) 4.09 (P=0.54) 3.88 (P=0.57) 

Wald Test *SES group Chi2(5)=55.04 

(P=0.00) 

Chi2(5)= 9.39 

(P=0.09) 

Chi2(5)= 7.50 

(P=0.19) 

Chi2(5)= 7.03 

(P=0.22) 

Number of 

Observations 

9598 3250 6125 1534 

Notes:  1.) Hazard Ratios for not surviving at 36 months reported with clustered standard errors.                                       

2.) Significance: * (P<0.10), ** (P<0.05), *** (P<0.01) 

 3.) “SES”- Socio-economic status 

 

Table 5.4: Multivariate stratified Cox regression for 84 month survival 

Stratified interaction non-PH Cox regression Model  (84 month follow-up) 

 

 Private Public Married Not Married 

SES1 1 1 1 1 

SES2 1.15        1.24***        1.34***   1.19* 

SES3 0.94 1.07   1.12* 1.11 

SES4 0.97        1.18***        1.23***      1.17** 

SES5 1.09        1.25***        1.39***         1.22*** 

SES Unknown 0.81        1.21***    1.16*  1.16 

Global Test 2.22 (P=0.82) 3.26 (P=0.66) 6.29 (P=0.28)  6.72 (P=0.24) 

Wald Test *SES group Chi2(5)= 6.73 

(P=0.24) 

Chi2(5)=24.17  

(P=0.00) 

Chi2(5)= 38.83  

(P=0.00) 

Chi2(5)= 8.36  

(P=0.13) 

Number of Observations 2902 7408 6875 3435 

 Gleason       

grade 5-7 

Gleason    

grade >7 

Stage II Stage III 

SES1 1 1 1 1 

SES2 1.38***      1.25**        1.48***    1.64* 

SES3         1.21** 1.05      1.28**    1.58* 

SES4         1.19**        1.28***      1.27**       1.62** 

SES5 1.58***        1.30***        1.50***          1.83*** 

SES Unknown         1.24* 1.15    1.24*   0.93 

Global Test 4.29  (P=0.49) 2.13 (P=0.83) 4.56 (P=0.47) 4.94 (P=0.42) 

Wald Test *SES group Chi2(5)= 38.67 

(P=0.00) 

Chi2(5)=13.92 

(P=0.02) 

Chi2(5)= 24.84 

(P=0.00) 

Chi2(5)=10.43 

(P=0.06) 

Number of Observations 4753 2041 4119 748 

 

 

  Leinster  Connacht  Munster  Ulster  
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SES1 1 1 1 1 

SES2       1.35***      1.47** 1.06 0.80 

SES3 1.15* 1.23 0.93 0.97 

SES4       1.26***      1.35** 1.03 0.97 

SES5       1.59***    1.31* 1.10 0.86 

SES Unknown     1.28** 1.18  1.08 0.59 

Global Test 0.78 (P=0.97) 4.47 (P=0.48) 2.45 (0.78) 5.59 (P=0.35) 

Wald Test *SES group Chi2(5)= 61.31 

P=0.00) 

Chi2(5)= 7.96 

(P=0.15) 

Chi2(5)= 4.81 

(P=0.44) 

Chi2(5)= 4.24 

(P=0.51) 

Number of Observations 4901 1458 3118 833 

Notes:  1.) Hazard Ratios for not surviving at 36 months reported with clustered standard  

     errors.   

2.) Significance: * (P<0.10), ** (P<0.05), *** (P<0.01)    

3.) “SES”- Socio-economic status 

 

A social gradient in risk of death was also apparent for the Gleason grade (5-

7, >7) and clinical stage (II, III) strata; those from lower socio-economic groups had 

a higher risk of mortality across both follow-up time periods. Patients from the 

lowest socio-economic group (SES5) with Gleason grade 5-7, and >7 had a 58% 

(P<0.01) and a 30% (P<0.01) increased risk of death, respectively compared to the 

highest socio-economic group, over the 84 month follow-up period. The same 

patterns were seen in the analysis of the entire follow-up available. Results of the 

multivariate analyses of vital status are reported in Table 5.5, for the three periods of 

follow-up (all, 36 months, 84 months). In the logistic models, healthcare provider 

was not statistically significant when a wider range of covariates were controlled for.  

However, there was a significant interaction between healthcare provider and age; 

those aged 70 and over (representing approximately 50% of the study cohort) treated 

in part or wholly in a private setting were 46% (P<0.01) overall, 49% (P<0.01) at 36 

months post-diagnosis and 52% (P<0.01) at 84 months post-diagnosis less likely to 

die compared to the those under 70 years of age and treated solely in a public setting 

over the follow-up periods. The logistic analyses also highlighted a social gradient 

with patients from the lowest socio-economic group being 26% (P<0.01) more likely 

to die at 36 months post-diagnosis and 35% (P<0.01) more likely to die at 84 months 

post-diagnosis compared to the highest socio-economic group; thus confirming the 

presence of socio-economic inequality when a wider range of confounding factors 

were controlled for. Interactive terms for socio-economic status and healthcare 
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provider (private) were also included in the logistic models however no statistically 

significant impact on mortality was evidenced.   

A further set of stratified logistic analyses was undertaken for mortality 

sorted by healthcare status; in the 84 month post-diagnosis follow-up stratified 

model, those with access to private care from the lowest socio-economic group were 

28% (P<0.01) more likely to die than those from the highest socio-economic group.  

For the 84 month post-diagnosis follow-up stratified model for patients with access 

to public healthcare only, those from the lowest socio-economic group were 33% 

(P<0.01) more likely to die than those from the highest socio-economic group.  

Therefore over a longer follow-up period (when not controlling for time dependency 

as in the proportional hazard models) the variation in socio-economic status across 

healthcare payer type, when controlling for a range of covariates, becomes apparent 

(See Appendix 2.2).  

 

Table 5.5: Multivariate logistic regression analysis (odds ratios reported) 

 Logistic analyses for those who died overall, at 36 months & 84 months follow-up 

 

Dependant:  

Deceased at date of censoring  

  

Overall 36+ months 84+ months 

Public 

 

1 1 1 

Private/ Mixed 0.94 

(CI:0.64, 1.36) 

0.93                     

(CI:0.64, 1.36) 

1.04                

(CI: 0.57, 1.90) 

Age 35-54  1 1 1 

 

Age 55-69 2.06*** 

(CI:1.62, 2.62) 

2.01***          

(CI: 1.53, 2.64) 

2.08*** 

(CI:1.34, 3.25) 

Age 70 and over 9.08***    

(CI:7.01, 11.74) 

9.23***         

(CI: 6.86, 12.42) 

11.26***    

(CI:7.05, 17.96) 

Age 55-69/ Private 0.77                 

(CI: 0.55, 1.10) 

0.73*            

(CI:0.51, 1.05) 

0.66                       

(CI:0.37, 1.17) 

Age 70 and over/ Private 0.54*** 

(CI:0.39, 0.76) 

0.51*** 

(CI:0.37, 0.72) 

0.48***    

(CI:0.28, 0.82) 

SES1  1 1 1 

SES2 1.17***              

(CI:1.05, 1.30) 

1.22*** 

(CI:1.08, 1.37) 

1.33*** 

(CI:1.15, 1.53) 

 

SES3 1.12*** 

(CI:1.02, 1.24) 

1.14** 

(CI:1.02, 1.27) 

1.22*** 

(CI:1.08, 1.37) 
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SES4 1.08 

(CI:0.97, 1.19) 

1.10 

(CI:0.97, 1.24) 

1.19** 

(1.02, 1.39) 

SES5 1.20*** 

(CI:1.09, 1.33) 

1.26*** 

(CI:1.14, 1.39) 

1.34*** 

(CI:1.18, 1.52) 

SES Unknown 0.89 

(CI:0.76, 1.05) 

1.02 

(CI:0.87, 1.19) 

1.24** 

(CI:1.01, 1.53) 

Stage1  1 1 1 

Stage2 1.21 

(CI:0.94, 1.55) 

1.23 

(CI:0.95, 1.59) 

1.13 

(CI:0.81, 1.58) 

Stage3 1.28 

(CI:0.93, 1.78) 

1.35* 

(CI:0.98, 1.85) 

1.30 

(CI:0.93, 1.82) 

Stage4 9.37*** 

(CI:7.16, 12.26) 

9.83*** 

(CI:7.61, 12.70) 

7.94*** 

(CI:6.30, 10.02) 

Stage Unknown 3.21*** 

(CI:2.42, 4.27) 

2.88*** 

(CI:2.13, 3.88) 

1.95*** 

(CI:1.56, 2.43) 

Gleason grade < 5 1 1 1 

Gleason grade 5-7 0.70*** 

(0.60, 0.83) 

0.73*** 

(CI:0.62, 0.86) 

0.87* 

(CI:0.76, 1.01) 

Gleason grade >7 1.48** 

(CI:1.08, 2.04) 

1.85*** 

(CI:1.50, 2.29) 

2.47*** 

(CI:2.06, 2.94) 

 

Grade Undifferentiated 2.13*** 

(CI:1.20, 3.76) 

2.87*** 

(CI:1.46, 5.65) 

3.50** 

(CI:1.03, 11.90) 

Gleason grade Unknown 1.96*** 

(CI:1.53, 2.50) 

2.10*** 

(1.70, 2.60) 

2.21*** 

(CI:2.00, 2.44) 

Single/ Divorced/ Widowed  1 1 1 

Married 0.80*** 

(CI:0.71, 0.91) 

0.75*** 

(CI:0.68, 0.82) 

0.71*** 

(CI:0.64, 0.79) 

Region: Leinster  1 1 1 

Ulster 0.55*** 

(CI:0.45, 0.66) 

0.54*** 

(0.43, 0.69) 

0.56*** 

(0.43, 0.73) 

Connacht 0.83*** 

(CI:0.72, 0.96) 

0.87** 

(0.76, 0.99) 

0.87 

(0.68, 1.13) 

Munster 1.31*** 

(CI:1.20, 1.42) 

1.30*** 

(1.18, 1.43) 

1.16*** 

(1.08, 1.24) 

MOP: Other  1 1 1 

Screen- opportunistic 0.39*** 

(0.26, 0.58) 

0.37*** 

(CI:0.25, 0.57) 

0.47*** 

(CI:0.29, 0.77) 

Incidental 1.08 

(CI:0.85, 1.38) 

0.95 

(CI:0.76, 1.18) 

0.83*** 

(CI:0.74, 0.93) 

Symptomatic 1.59*** 

(CI:1.17, 2.17) 

1.37*** 

(CI:1.13, 1.67) 

1.28*** 

(CI:1.18, 1.40) 

Non-smoker at diagnosis  1 1 1 

Smoker at diagnosis 1.73*** 

(CI:1.59, 1.89) 

1.64*** 

(CI:1.52, 1.77) 

1.63*** 

(CI:1.43, 1.86) 

Number of Observations  26816 21054 10697 

Wald test-Stage & Gleason 

Grade  

Chi2 (8) = 1640 

(P=0.00) 

Chi2 (8) =41488 

(P=0.00) 

Chi2 (5) = 1427 

(P=0.00) 
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Notes:  1.) Odds Ratios with clustered standard errors (CI’s in brackets)  

 2.) Significance: * (P<0.10), ** (P<0.05), *** (P<0.01)   

 3.) “SES”- Socio-economic status 

4.) Interactions between socio-economic status and healthcare provider were also included in 

the logistic analyses but not reported above due to lack of statistical significance across all 

models. 

 

 

5.5 Discussion 

 

The analyses carried out in this chapter highlights that patients treated in a 

private healthcare setting had an average of 40% reduced risk (HR: 0.608; 95% CI: 

0.573, 0.644) of all-cause mortality compared to those who were treated solely in the 

public setting, when adjusted for age and clinical variables (clinical stage and grade). 

It is evident from the PH model results (Tables 5.3 and 5.4) that, after controlling for 

clinical stage, grade, marital status, healthcare setting and region of residence, there 

was a clear socio-economic gradient in survival. Moreover, socio-economic status 

and healthcare provider interacted to influence risk of mortality in the PH models. 

Patients who accessed public healthcare provision from the lowest socio-economic 

group had approximately 21-25% increased risk of death compared to those from the 

highest socio-economic group; this gradient was not evident for patients who were 

seen or treated by a private provider when addressing time dependency i.e. in the PH 

models. It appears from the findings that access to private care has diminished the 

impact of socio-economic status on survival. Whether this effect is based on a higher 

standard of care and efficiency delivered by a private provider compared to public 

providers or whether unobserved characteristics of those who hold PHI also have a 

role to play is unclear. Therefore, care is warranted in the interpretation of this result. 

A number of studies have examined the relationship between health 

insurance status and cancer service utilisation in the RoI and internationally (Bristow 

et al 2013; Burns et al 2012a;  Morris et al, 2007; Walsh et al 2012). The evidence 

here relates to where patients were treated rather than PHI status directly and given 

the delivery model in operation in the RoI, is open to different interpretations. While 

Wald test- SES & Region Chi2 (8) = 850 

(P=0.00) 

Chi2 (8) = 3162 

(P=0.00) 

Chi2 (5) = 

93.91 (P=0.00) 

% Correctly Classified 79.80% 78.22% 76.37% 
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it is plausible that there exists differences in the quality of care provided in the public 

and private systems that directly impacts upon survival, indeed this is one of the 

reasons why individuals choose to hold voluntary PHI in the RoI, it must be 

remembered that the mortality examined here is all-cause mortality. Consequently it 

is also possible that the differences in survival observed between patients treated in 

public and private healthcare settings relate more to differences in patients’ health 

status than the care received in respect of PCa. Further research involving the linkage 

of NCRI patient-level data with the HSE hospital inpatient episode (HIPE) database 

would facilitate the categorisation of payer status as recorded by the hospital treating 

the patient and therefore, permit a more robust examination of the relationship 

between care provider an outcome of care provision than was possible here. This 

approach would for example, allow researchers to examine whether spill-over effects 

existed for public patients where the ratio of public to private patients in public 

hospitals varied. Within the Irish context, the only disease registry which collects 

data from diagnosis to death is the NCRI and so comparing trends in inequality in 

survival outcomes across other disease areas is not possible due to lack of available 

patient data currently. 

While this study adjusted for a range of clinical and socio-demographic 

factors, adjustments were not possible for many other factors that may differ 

between public and privately-treated patients or socio-economic groups i.e. 

comorbidities, which may affect survival. Those from lower socio-economic groups 

traditionally have higher co-morbidities than those from higher socio-economic 

groups which may partly explain the social gradient evidenced. (Droomers et al, 

2004) However, a recent study investigating confounding factors in curative 

treatments for PCa patients in the RoI found no significant role accorded to co-

morbidities. (de Camargo Cancela et al, 2013) Other explanatory factors may 

include, for example, PSA level at diagnosis (a more precise measure of clinical 

risk), functional and health status and various other health-related and non-health-

related indicators (availability of social supports/ access to carer) potentially 

impacting on all-cause survival for men with PCa. Moreover, selection effects may 

exist in terms of lifestyle between those who consume care in private and public 

facilities; the former may have unobserved healthier behaviours that can explain 
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differences in survival, independent of the care received, and adverse selection may 

also be a factor. As noted the need for caution here is acute given the use of all-cause 

mortality in this study; those dying with PCa (the majority of those with PCa) rather 

than from PCa may exhibit unique clinical and environmental characteristics that 

could not be controlled for in this analysis. (NCRI, 2011) However, previous 

analyses found marginal survival differences in all-cause and excess mortality in 

PCa. (NICR/NCRI, 2009) Additionally, the accuracy and range of variables 

available for the analyses as well as the representative nature of the data (98% of all 

men diagnosed with PCa in the RoI) facilitated in-depth understanding of variation 

in survival outcomes for men with PCa, adding to the evidence on current practice in 

the RoI. 

Although the multivariate logistic analysis presented in Table 5.5 undertaken 

for confirmatory purposes employed a wider range of posited explanatory variables, 

there are a few noteworthy findings. The logistic analyses reviewed the contributions 

of a number of demographic and clinical characteristics on a binary response of 

deceased versus not deceased at a fixed time point i.e. overall, at 36 months and at 

84 months; thus, the analysis did not take into account time dependency as in the PH 

models. However, clinical characteristics such as age, clinical stage and Gleason 

grade all predicted mortality in line with expectations i.e. as a patient entered an 

older age category, or a more severe cancer stage or grade, the risk of mortality 

significantly increased across all time points evaluated.  In relation to those who 

were married at the time of diagnosis compared to those who were not, a significant 

reduction in mortality ranging from 20-29% (P < 0.01) across time periods was 

evidenced. This is similar to previous findings in relation to the impact of being 

married on cancer screening referred to as ‘pester power.’ (Burns et al, 2012a/ 

2012b; Walsh et al 2012) In so much as being married may suggest that men are 

urged (“pestered”) to take part in opportunistic screening earlier than men who are 

not married, the impact of an earlier diagnosis, ceteris paribus, leads to longer 

survival. The role of smoking at diagnosis also significantly impacts on mortality 

across time points ranging from 63-73% (P < 0.01) increased risk of mortality. 

Several interaction terms were employed and although the role of provider did not 

impact on mortality independently, the interaction between age and provider 
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highlighted an interesting finding. For men who were 70 years and over and had 

access to private care, compared to men under 70 years with access to public care 

only, a significant reduction in mortality risk was evidenced  i.e. a risk reduction 

ranging 46-52% (P < 0.01), after controlling for a range of other clinical and non-

need factors. It could be argued that the cohort of men diagnosed with PCa at age 70 

years and over represent a more homogenous clinical cohort than younger age 

groups and the role of PHI may be acting in a different way for this age cohort than 

others. All men of this age cohort were entitled to free healthcare in the RoI and so 

PHI was purely supplementary to ensure speedier access to care. However, for men 

diagnosed with PCa who are 70 years and over, access to private care also appears to 

increase longevity; whether this is a function of speedier access and/or better quality 

of care or other health seeking behaviours, is unclear.  

In constructing a CEA for PSA testing for the secondary prevention of PCa in 

the RoI, a patient pathway from detection to death needs to be constructed and 

moreover understood, which represents current practice. PCa mortality and 5-year 

survival rates across European countries vary considerably. Age standardised 

mortality in the RoI ranks 16
th

 (22.1 in 2012) comparable with the UK (22.8 in 

20102) but still higher than the EU-27 average (18.9 in 2012). (IARC, 2014) 5-year 

survival rates for PCa also vary across Europe with the RoI having one of the highest 

reported age-standardised rates of 90.8% (2006-2011) compared with the UK’s rate 

of 84.8% over the same period. (NCRI, 2014; Cancer Research UK, 2014) At face 

value, this may suggest that the RoI management of PCa is more effective than that 

of the UK, thus facilitating more favourable survival outcomes. However, given the 

variation in incidence and PSA testing discussed in Chapters 1, 3 and 4, the clear 

role accorded PHI and socio-economic status in uptake of PSA testing, the structure 

of healthcare delivery in PCa detection practices highlighted in Chapter 4, and the 

evidence suggested in this chapter, that inequality in uptake of PCa persists in 

survival outcomes, drawing comparison across other jurisdictions may be redundant. 

When modelling long-term survival estimates in the CEA, mortality rates and 5-year 

survival estimates are incorporated into the modelling framework. Therefore, this 

analysis assisted in the estimation of necessary parameters for the CEA framework 

presented in Chapter 7; the analysis also highlighted the need to provide adequate 
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variation around these estimates, including scenario analysis adjusting for the level 

of inequality in survival evidenced, to provide policy makers with a more precise 

understanding of how PSA testing impacts different groups of individuals over the 

course of their lifetime. This analysis also highlighted worrying disparities within 

age cohorts, specifically the role of PHI in men diagnosed with PCa at age 70 years 

and over. Guidance reviewed in Chapter 3 suggests that men 70 years and over will 

not receive any net benefit from asymptomatic screening and therefore this age 

cohort are not included in the screening scenarios in the CEA presented in Chapter 

7. However, men in this age cohort are being screened in an inequitable manner and 

this disparity is persisting along the disease pathway. Therefore, appropriate 

attention should be given to this particular age cohort in the formulation of a policy 

response. 

 

5.6 Conclusion 

 

In this analysis, a socio-economic gradient in all-cause mortality was evident, 

but the magnitude of the effect varied considerably, dependent upon the sub groups 

analysed as well as the follow-up time periods. The results with respect to healthcare 

provision may give rise to concerns around equity of healthcare delivery but care is 

warranted in the interpretation and further analysis is required to establish whether 

concerns are legitimate or misplaced. However, in the context of the evidence 

highlighted in Chapter 4, this analysis suggests that within the Irish healthcare 

delivery model not only is inequality present in relation to uptake of PSA testing, but 

a certain level of inequality persists post-diagnosis resulting in mortality differences 

dependent upon socio-economic status. The analysis also sees a role accorded PHI, 

which raises further concerns about the inequality a mixed, public/private system of 

delivery seemingly fosters and therefore, warrants further investigation. 
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Chapter 6: Evaluation of the Costs of Prostate Cancer 

 

6.1 Introduction  

 

 PCa imposed a significant burden on society with an estimated cost of €8.4 

billion to the European Union, accounting for 7% of all cancer costs. (Luengo-

Fernandez et al, 2013) As previously discussed, the RoI has seen rapid increases in 

incidence rates of PCa over the past twenty years attributable to changes in 

environmental factors including health behaviours as well as a twelve-fold increase in 

PSA testing since 1994. (Burns et al, 2012a; Drummond et al, 2010; Drummond et al, 

2013; NCRI, 2011; NCRI, 2014) Population coverage of PSA testing is higher in the 

RoI than in other European countries and previous research estimated the annual cost 

of PSA tests used in the RoI to be €3.6 million in 2010. (Burns et al, 2012b; 

Drummond et al, 2010; Drummond et al, 2013) PSA testing as a screening mechanism 

for PCa is thought to be over utilised, resulting in over-diagnosis and overtreatment, 

therefore causing considerable strain on healthcare systems currently undergoing 

reforms. (Klotz, 2013; Loeb et al, 2014; Nguyen et al, 2011) This is of significant 

concern as the proportion of men with PCa that would have never become clinically 

apparent within the individual’s lifetime has been estimated to vary between 1-2% in 

men aged 20-29 years old to 59-72% in men aged 90 years and over. (Leal et al, 2014) 

The PSA test per se marginally contributes to the overall cost burden associated with 

PCa; the highest proportion of costs are thought to be associated with radical 

treatments. (Hummel et al, 2013; Nguyen et al, 2011; Pataky et al, 2014) However, as 

highlighted in Chapter 4, the nature of PCa detection and diagnosis in the RoI differs 

from that of the rest of Europe due to variation in resource utilisation as well as 

characteristics of the healthcare delivery model. It may also be the case that the costs 

associated with the different health states across the PCa care pathway differ in the 

RoI compared to costs reported in European studies.  
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In 2010, 3,230 men were diagnosed with PCa in the RoI, thus the cost burden 

associated with PCa was expected to be substantial. Estimating the economic impact 

of PCa in the Irish healthcare setting is challenging due to the complexity of the 

delivery model in operation. As previously outlined, the Irish healthcare delivery 

model operates under a mixed, private-public system where approximately 30% of the 

population are entitled to free services financed publicly by taxation, approximately 

45% hold PHI and the remainder of the population pay out-of-pocket for most 

healthcare services, albeit government-imposed annual payment caps are in place for 

this cohort. (HSE, 2012; Colombo et al, 2004; ESRI, 2011) Hence, costs associated 

with diagnostic tests and treatments vary across payers and so provide obstacles in 

estimating healthcare costs across payers. (Bourke et al, 2014) Understanding the 

economic impact of PCa in the RoI is instrumental in providing public health and 

policy information necessary for delivery of affordable cancer care. Moreover, 

understanding the distribution of costs associated with PCa assists in further economic 

analysis with the potential of identifying the drivers of resource use inefficiency.  

A recent European study estimated that across Europe the total cost of cancer 

in 2009 was €126bn and the annual Irish healthcare cost of PCa in 2009 was €51m; 

this involved a top-down approach using national fee schedules and expenditure data. 

(Luengo-Fernandez et al, 2013) Table 6.1 highlights the methods used by Luengo-

Fernandez, R. et al. (2013) in estimating the overall healthcare cost and resource use of 

PCa in Ireland; however due to limited access to cancer-specific data several 

assumptions were made in estimating overall expenditure. This is the only study that 

has attempted to estimate the burden of cost of PCa in the RoI, which was undertaken 

as a wider European analysis. Other European studies adopted different costing 

methodologies to assess per patient costs and the overall burden of cost associated 

with treatment for PCa; high variation in cost is evident (driven by variation in 

resource use) despite the formalised European guidelines issued by the EUA in 2007 

on PCa detection, diagnosis and treatment. (Bourke et al, 2014; Fourcade et al, 2009; 

Heidenreich et al, 2013; Molinier et al, 2011; Sanyal et al, 2013; Smith, 2010)  Given 

the RoI has high incidence and costs of care in general are higher than most European 

countries, one would expect the RoI to have higher PCa expenditure in comparison. 

(Bourke et al, 2014; Peltola et al, 2013; Smith, 2010) However, Luengo-Fernandez, R. 
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et al. (2013) ranked Ireland 17th in PCa expenditure per capita across the EU-27; 

rankings for Lung Cancer (LC) and Colorectal Cancer (CRC) were much higher at 

10th and 11th, respectively, driven by higher proportions of expenditure associated 

with inpatient care, 68% for LC and 73% for CRC compared to 32% for PCa. 

(Luengo-Fernandez et al, 2013)  

The aim of this analysis was threefold: firstly, to construct a PCa patient 

pathway applicable to the RoI (to be used in the CEA) and then estimate costs of the 

different components of that pathway including detection, diagnostic procedures, 

treatments and follow-on care which has not been undertaken previously; secondly, by 

combining these costs with PCa-specific, resource utilisation data in the RoI, estimates 

of the overall healthcare expenditure for PCa in Ireland in 2010 using both an 

incidence and a prevalence-based, bottom-up approach was undertaken; thirdly, the 

costs derived in this analysis were compared with European costs of care using 

available country-specific costs estimates from the literature to assess how variable 

costs were as well as confirm rankings suggested by Luengo-Fernandez, R. et al. 

(2013). The purpose of this analysis was to provide more detailed and robust 

information on current healthcare resource utilisation, costs of diagnosing PCa and 

costs associated with various treatment modalities for PCa which is not widely 

available internationally mainly due to a lack of research in this area. The data 

collected and presented in this chapter informed a range of clinical and cost parameters 

for the CEA in Chapter 7; the patient pathway constructed for the burden of cost 

model also provided the structure for the decision analytic framework. Furthermore, 

the costing methodology presented in this chapter provides a template that could 

inform future research by European counterparts when assessing the main drivers of 

PCa healthcare expenditure as well as enabling more robust benchmarking across 

countries; this would provide more transparency when understanding variation in PCa 

costs and clinical practices across Europe.  

Table 6.1: Summary of costing methodology for PCa in Ireland
1
 

Type of care Resource Use (RU) / Costing Methods (CM) Overall Costs 

(2009€) 

 

Primary Care  RU: The proportion of hospital discharges due to 

cancer out of all discharges was applied to the 

 €1m 
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number of primary visits. (Eurostat) 

CM: Published studies and national reports 

informed costs of primary care. 

 

Outpatient Care  RU: The proportion of hospital discharges due to 

cancer out of all discharges was applied to the 

number of outpatient visits. (Eurostat) 

CM: Published studies and national reports 

informed costs of outpatient care. 

 

 €1m 

Accident and 

Emergency Care  

RU: All cause A&E visits were allocated into 

cancer-specific groupings based on the 

proportions of overall hospital discharges due to 

cancer. (HSE and Eurostat) 

CM: Published studies and national reports 

informed costs of A&E care. 

 

 €1m 

Hospital Inpatient 

Care  

RU: National data was retrieved on cancer-

related days (inpatient and day cases). (Eurostat) 

CM: National fee schedules (HSE Casemix), 

published studies and national reports informed 

costs of hospital inpatient care. 

 

 €20m 

Medication  RU: Proportions of medications spent in each 

cancer type was derived from the averages of 

Germany and The Netherlands and applied to 

overall cancer costs per country. 

CM: Medication expenditure for antineoplastic 

agents and endocrine therapy were retrieved 

from the IMS database. 

 

 €28m 

Total  

 

              €51m 

*Costing methodology used in Luengo-Fernandez et al (2013) for estimation of PCa 

expenditure in the RoI.  

 

 

6.2 Materials and Methods 

6.2.1 Data, Treatment Pathways and Healthcare Utilisation 

 

 PCa (ICD10 C61) incidence rates during 2007-2010 were obtained from the 

population-based National Cancer Registry Ireland (NCRI) database. (NCRI, 2011) 

Death rates from PCa during 2007-2010 were obtained from the Central Statistics 

Office (CSO) via the NCRI and linked to incident cases. Clinical, diagnostic and 

treatment data were extracted from the NCRI for the period 2007-2009 (complete 
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treatment data was not available for 2010 at the time of this analysis). A PCa patient 

pathway derived for the RoI was constructed based on available data, the literature and 

expert opinion; this is presented in Figure 6.1. (Ekwueme et al, 2007; Chilcott et al, 

2010; Leal, 2010; UCHG, 2014) Healthcare utilisation by PCa patients associated with 

each step of the patient pathway was derived by a range of sources presented in Table 

6.2. PCa detection included two GP visits and two PSA tests prior to diagnosis based 

on current national guidance (national guidelines state men must have two abnormal 

PSA tests within six weeks prior to referral for biopsy at one of the RAC centres); the 

analytic framework assumed clinicians adhere to this guidance. (NCCP, 2010) 

Diagnosis is based on a GP referral to a RAC and evidence of two abnormal PSA tests 

is necessary for this referral to be made. (ibid) A biopsy is taken from men referred to 

the RAC. To allow for repeat biopsies, men who were diagnosed were assumed to 

have on average 1.25 biopsies previous to a treatment plan being discussed; this 

estimate was based on NCRI data collected as part of a survey of men post-biopsy. 

Costs associated with severe complications of biopsy, including infection and 

hospitalisation were also included based on complication rates (1.4%) sourced from 

the ScHARR CEA discussed in Chapter 3. (Hummel et al, 2013)  

Treatments and procedures recorded by the NCRI for the first year of diagnosis 

included biopsies, radical prostatectomy (RP), external beam radiation therapy 

(EBRT), brachytherapy (BT), other surgery (transurethral resection of the prostate 

(TURPS)), hormone therapy (HT), chemotherapy (CT), active monitoring (active 

surveillance/watchful waiting (AM)) and combinations thereof. The allocation of 

treatments at PCa diagnosis were estimated by averaging PCa treatment data from the 

NCRI during 2007-2009 i.e. the proportions of those receiving particular treatment 

regimens in each of the three years were averaged (again, this was the most up to date 

data available at the time and previous years were not incorporated based on 

significant changes in PCa treatment during the decade). EBRT was assumed as 

intensity modulated radiation therapy (IMRT) - the most commonly used form of 

radiation therapy; and HT was assumed to be treated with Goserelin- the most 

commonly used drug in hormone therapy. These assumptions were based on lack of 

detailed treatment data on types of treatments used for EBRT and HT. AM was 

constructed for this analysis and included two forms of non-invasive treatment 
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options; active surveillance (AS) and watchful waiting (WW) were included as AM 

due to an inability to separate the two treatment modalities using NCRI data. 

Consensus on the components of AM was sought from the Prostate Cancer Institute, 

Ireland, and included four GP visits per year all including a PSA test, one out-patient 

appointment per year and one biopsy per year.  

Figure 6.1: PCa patient pathway for Ireland 

 

Detection: 

2 GP visits  

2 PSA tests 

Biospsy: 

PSA test and Biopsy  
at Rapid Access Clinic      
(On average men have 

1.25 biopsies) 

 

Pre-Treatment Planning: 

1. Full diagnostic work-up  
at out-patient appointment 
(including a PSA test)  

2. Some men (approximately 
30%) may also require a 
MRI and/or a bone scan.  

 

First-year management:  

1. Outpatient/ Daycase/ Inpatient 
treatment procedures 

2.Diagnostic tests 

3. Post-treatment follow-up of three 
out-patient appointments and three GP 
visits in the first year.  

4. On average four PSA tests in first 
year of treatment.   

5. Medications and other services for 
short-term complications. 

 

 

Post-first year follow-up:      

1. Bi-annual outpatient and GP 
visits in year two and three 
(Four PSA tests per year).   

2. In the fourth year of treatment 
an annual outpatient 
appointment and an annual GP 
visit was expected (Two PSA 
tests per year).   

3. Medications and other 
services for longer-term 
complications. 

 

 

Terminal (Palliative) Care:  

Medication, diagnostic treatment and end of life care  

(inpatient setting assumed)   
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Post-treatment follow-up i.e. medication, GP and out-patient attendance, other 

surgical procedure and diagnostic tests, were assumed to continue for three years after 

the first year of diagnosis (therefore, assuming patients were treated for four years in 

total once diagnosed) and was calculated using the literature and expert opinion from 

the Prostate Cancer Institute, Ireland, as this data is not routinely collected by the 

NCRI. (Hummel et al. 2013; Leal et al, 2010; Pataky et al, 2014; Taylor et al, 2009; 

UCHG, 2014)  Resource use parameters are presented in Table 6.2 and post-treatment 

follow-up, which varied by treatment type, is detailed in Table 6.3.  

Table 6.2: Resource use parameters 

Treatment/diagnosis parameters Average 

Utilisation 

Sources 

Post-biopsy MRI 30% (25-35%) NCRI data 2014 

(patient reported survey) 

Post-biopsy Bone Scan 30% (25-35%) NCRI data 2014 

(patient reported survey) 

Post-biopsy Complication Rate 1.4% (1-3%) Hummel et al, 2013 

Repeat Biopsy 25% (10-40%) NCRI data 2014 

(patient reported survey) 

Active Monitoring (AS/AW) 

 

20% NCRI data (2007-2009) 

Surgery-  Radical Prostatectomy 15% NCRI data (2007-2009) 

Surgery- TURPS 14% NCRI data (2007-2009) 

External Beam Radiation (IMRT) 40% NCRI data (2007-2009) 

Brachytherapy 4% NCRI data (2007-2009) 

Hormone Therapy- Goserelin 31% NCRI data (2007-2009) 

Chemotherapy- Docetaxel and Prednisolone 2% NCRI data (2007-2009) 

a. Treatments are not mutually exclusive as some patients received multiple treatments. 

Treatment complications included incontinence, impotence, risk of CVD and risk of 

fracture, varied by modality; consequences included mortality, hospitalisation, further 

diagnostic tests and treatments associated with complications which were estimated 

using published sources. (Aronson et al, 1999; Collins et al, 2007; Hummel et al, 

2010; Hummel et al, 2013; ICER, 2009; Leal et al, 2010; Thomas et al, 2005) Details 

of the different complications incorporated into the costing analysis can be found in 

Appendix 2.3. 
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6.2.2 Unit Costs 

 

 The perspective of this analysis was that of the healthcare payer; hence, only 

direct healthcare costs were included. These were estimated by multiplying the total 

number of cancer-related resource utilisation by the respective unit costs. The unit 

costs associated with diagnosis, treatment, treatment complications (short and long 

term) and terminal care were obtained from survey data, Irish and UK reference costs 

and published unit costs for PCa. (Drummond et al, 2013; Drummond et al, 2014; 

HSE Casemix, 2012; NHS DH, 2010; Collins et al, 2007) Study-specific surveys are 

included in Appendix 3, costs are highlighted in Table 6.3 and a more detailed account 

of costs is presented in Appendix 2.3. Unit costs of a PSA test and a GP visit were 

estimated using two different study-specific survey instruments, a laboratory survey 

and a GP survey. (Drummond et al, 2013; Drummond et al, 2014) The costs associated 

with a positive biopsy included diagnostic procedures (blood and urine analysis), 

magnetic resonance imaging (MRI), bone scans and repeated biopsies; the proportions 

of those undergoing these additional tests were estimated using NCRI data from a 

patient reported survey (not yet published) as highlighted in Table 6.2. Costs of EBRT 

and BT were sourced from a micro-costing analysis undertaken by an Irish teaching 

hospital (this data has not been published to date) under the supervision of the Director 

of the Prostate Cancer Institute. (UCHG, 2014) Costs of a range of other outpatient 

and inpatient procedures were sourced from HSE Casemix Ready Reckoner, 2012 

(referred to as ‘Irish reference costs’ in Table 6.3). (HSE, 2012) Medication costs, 

including HT costs and costs of drugs prescribed for complications, were sourced from 

the HSE Primary Care Reimbursement Service database and personal communication 

with a community pharmacist. (HSE, PCRS) Costs were expressed in 2010 (€) using 

standardised methods of inflation recommended by Irish guidelines (HIQA and CSO) 

and if sourced from the UK were also adjusted using the purchasing power parity 

method. (Ryan, 2010; HIQA, 2014)  The majority of costs included in this analysis 

were Irish-specific. Table 6.3 details bundled costs for each element of care in the four 

sub-categories of detection, diagnosis, treatment and complications. 
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Table 6.3: Unit costs for PCa in 2010 (€) 

  Unit Cost  Informed by: 

A. Detection     

GP visit  €49 Project-specific GP survey 

(Drummond et al, 2014) 

PSA test  €7 Project-specific Labs survey 

(Drummond et al, 2013) 

B. Diagnosis     

Biopsy – outpatient consultation, biopsy (and repeat), 

and biopsy complications (hospitalisation). 

€432 HSE Casemix (2012); Leal, 

(2010) 

Diagnostic procedures (post-biopsy) – outpatient 

consultation, diagnostic tests (blood tests including 

PSA and urinalysis), MRI scan, bone scan. 

€376 HSE Casemix (2012); NCRI 

(2014); Leal, 2010; UCHG, 

2014; 

C. Treatment/ Terminal Care (Year 1)     

Active Monitoring – GP visits with PSA test (4 per 

year), annual outpatient consultant, annual biopsy and 

biopsy complications (hospitalisation) 

€655 Drummond et al, 2013; 

Drummond et al, 2014; HSE 

Casemix, 2012 

Surgery Radical  Prostatectomy – surgery costs, three 

outpatient appointments (year 1), diagnostic tests at 

each outpatient appointment (blood tests including 

PSA and urinalysis) and three GP visits (year 1) 

€7,324 Drummond et al, 2013; 

Drummond et al, 2014; HSE 

Casemix, 2012; UCHG, 2014 

Other Surgery (TURPS) – procedure costs, outpatient 

consultation, two GP visits, medication (Bicalutamide 

pre and post procedure) and diagnostic tests (blood 

tests including PSA, urinalysis and imaging). (Costs 

of TURPS confined to one year only i.e. no follow-up 

costs after year 1. 

€5,709 Drummond et al, 2013; 

Drummond et al, 2014; HSE 

Casemix, 2012; HSE, PCRS, 

2014; UCHG, 2014 

External Beam RT (intensity modulated) – radiation 

planning and procedure costs, four outpatient 

appointments (year 1), diagnostic tests (blood tests 

including PSA, urinalysis and imaging), and three GP 

visits (year 1) 

€6,122 Drummond et al, 2013; 

Drummond et al, 2014; HSE 

Casemix, 2012; UCHG, 2014 

Brachytherapy (LDR) – radiation planning and 

procedure costs, four outpatient appointments (year 

1), diagnostic tests (blood tests including PSA, 

urinalysis and imaging), and three GP visits (year 1) 

€4,999 Drummond et al, 2013; 

Drummond et al, 2014; HSE 

Casemix, 2012; UCHG, 2014 

Hormones (Goserlin) – medication including: 

Goserlin, Bicalutamide pre and post therapy, three 

outpatient appointments (year 1), diagnostic tests 

(blood tests including PSA, urinalysis and imaging), 

and three GP visits (year 1) 

€4,670 Drummond et al, 2013; 

Drummond et al, 2014; HSE 

Casemix, 2012; HSE, PCRS 

(2014); Leal, 2010; UCHG, 

2014 

Chemotherapy – Docetaxel and Prednisolone  €11,278 Collins et al, 2007  

 

Terminal (Palliative) Care – inpatient palliative care 

assuming average length of stay (13 days) 

€6,958 Bourke et al, 2014  

D. Complications (vary by treatment)   

Hospitalisation, further surgery, further medication 

and procedures, urethral stricture, incontinence, pelvic 

floor muscle treatment, impotence, proctitis, 

colonoscopy, biopsy, laser therapy, blood transfusion, 

hot flashes, fracture, CVD treatment 

€196  

(short-term) 

€1,262  

(long-term) 

 

Note: Averages across all 

treatments complications 

presented 

(See Appendix 2.3) 
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6.2.3 Analysis 

 

 The healthcare costs of PCa were estimated using two approaches: incidence-

based (IB) approach (a snapshot of 2010) and prevalence-based (PB) approach (those 

diagnosed in 2007-2010 and alive in 2010). The two approaches were taken for 

purposes of comparison across other European studies; it was also useful to understand 

what proportion of the burden of cost was associated with those diagnosed and treated 

for PCa in 2010 only (IB) compared to all those with PCa being treated in 2010 (PB). 

The IB approach consisted of estimating solely the annual costs of those patients 

diagnosed and treated in 2010 (n=3230) as well as those who died in 2010 (n=533); 

this approach examines how much it costs the payer to detect, diagnose and treat men 

who presented with PCa in 2010 as well as what was the expenditure associated with 

palliative care in 2010. The following cost formula describes how the IB costs were 

estimated: 

IB:  Total Cost = (s * Costs) + (g * Costg) + (pi * Costpi)*rpi + (d * Costd)   (9) 

where s refers to screen detected cases, g refers to cases receiving diagnostic 

procedures, p refers to cases receiving the range of treatments (and complications), r 

refers to the rate of individual treatments/ complications and d refers to those 

deceased.  

The PB approach consisted of estimating the cost to the payer of all patients 

with PCa in 2010 including those diagnosed previous to 2010 and currently in 

subsequent years of treatment. The PB approach assumed that after four years post-

diagnosis no further management would be necessary and hence, no PCa-related costs 

would occur. In the PB approach, those diagnosed in 2010 were ascribed costs 

consistent with detection and 1
st
 year of diagnosis (as per the IB approach); those 

diagnosed in 2009 and lived into 2010 were ascribed costs consistent with 2
nd

 year of 

treatment; those diagnosed in 2008 and lived into 2010 were ascribed costs consistent 

with 3
rd

 year of treatment; and finally those diagnosed in 2007 and lived into 2010 

were ascribed costs consistent with 4
th

 year of treatment. This represented a total of 

10,997 men diagnosed from 2007-2010 being treated in 2010. PCa deaths reported in 
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2010 (n=533) were also included in the PB approach. Therefore, the additional 

costs estimated in the PB approach are described as follows: 

PB:  Total Costn = Total Costt + (pi(t-1,…, t-(n-1)) * Costpi(t-1,…, t-(n-1)))*rpi   (10) 

where n refers to PCa prevalent years, Total Costt refers to the costs of the 1
st
 year of 

diagnosis (IB), p refers to cases receiving the range of treatments (and complications) 

in the subsequent years
8
, r refers to the rate of individual treatments/ complications.  

Rates for treatments in the first year of treatment were assumed the same for 

subsequent years. Both approaches involved estimating costs at a patient level, i.e. a 

bottom-up approach and included terminal (palliative) care costs for all patients 

diagnosed with PCa and dying in 2010 (n=533). It was assumed that terminal care had 

an average length of stay of 13 days regardless of the location of care; average cost of 

palliative care was estimated in previous research with the assistance of the Irish 

Hospice Foundation and included patients with metastatic PCa who received care in 

the home, the hospital setting, the hospice setting and in long-term stay facilities. 

(Bourke et al, 2014)  

Total cost per treatment was reported and overall expenditure associated with 

PCa in 2010 for both approaches was also reported. One-way sensitivity analysis was 

performed on the full range of bundled components of care for costs estimated for the 

PB approach and is presented in a tornado diagram (Figure 6.4); as the majority of 

cost and resource use parameters collected did not have any measure of uncertainty 

(all costs apart for a PSA test and a GP visit), a ‘+/- 20%’ approach, as highlighted in 

HIQA guidance, was adopted for purposes of highlighting sensitivity. (HIQA, 2014) 

The sensitivity analysis highlights a best/worst case scenario to assess the impact of 

overall burden of cost (PB approach) using lower and upper bound estimates in the 

absence of available uncertainty measures; this was not carried out for estimates from 

the IB approach as these estimates represent only a portion of the overall burden of 

cost in the RoI. Results from the sensitivity analysis are presented in Figure 6.4. 

Further scenario analysis was performed across treatment modalities to investigate the 

                                                           
8
 In the PB approach, a backwards approach was used so the 1

st
 year of treatment relates to 2010 

diagnosed patients (2010= t) and subsequent years of treatment are based on diagnosed patients in 
previous years still living in time t, hence 2009= t-1; 2008= t-2; 2007= t-3.  
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impact on the overall burden of cost (again for the PB approach as the impact of 

reallocation would be much lower for incidence cases only) when reallocating patients 

to less costly treatment regimens i.e. AM and BT. Results are presented in Table 6.5.  

 

6.3 Results 

 

Table 6.4 highlights patient characteristics for those diagnosed with PCa in 

2007-2009. Incidence and mortality is broken down by age and clinical stage. Those 

aged 60 to 64 years and 65 to 69 years represented the two largest age cohorts 

presenting with PCa in 2008 and 2009; approximately 70% of the age cohorts present 

with localised PCa (Stage I-II). Full data on age and clinical stage breakdown was not 

available for 2010 (n=3230); this did not impede this analysis as the costing model 

was solely based on incidence and mortality cases (available for 2007-2010) and 

treatment parameters were based on patient level data available for men diagnosed in 

2007-2009 (presented in Table 6.2). Of the 2,764 men diagnosed in 2007, 2,376 

survived into 2010 and received care consistent with the 4
th

 year post-diagnosis. Of the 

2,745 men diagnosed in 2008, 2,480 survived into 2010 and received care consistent 

with the 3
rd

 year post-diagnosis. Of the 3,031 men diagnosed in 2009, 2,911 survived 

into 2010 and received care consistent with the 2
nd

 year post-diagnosis.  

 

Table 6.4: Patient Clinical Characteristics 2007-2009 

Year of Incidence 2007 

Age 

Groups 

Stage I Stage II Stage III Stage IV Stage 

Unknown 

Total  Deceased 

in 2007 

40-44 0 10 0 2 0 12 0 

45-49 0 33 3 7 2 45 0 

50-54 4 128 13 6 2 153 1 

55-59 8 246 43 18 15 330 0 

60-64 17 359 62 24 37 499 5 

65-69 16 360 51 49 49 525 7 

70-74 21 338 34 53 70 516 15 

75-79 15 206 25 49 49 344 20 

80-84 6 89 5 45 68 213 26 

85+ 1 25 6 38 57 127 34 

Total 88 1794 242 291 349 2764 108 
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Year of Incidence 2008 

Age 

Groups 

Stage I Stage II Stage III Stage IV Stage 

Unknown 

Total  Deceased 

in 2008 

40-44 0 4 1 0 0 5 0 

45-49 3 42 4 2 0 51 0 

50-54 4 119 19 5 4 151 0 

55-59 10 217 41 17 13 298 2 

60-64 20 393 52 31 34 530 4 

65-69 25 383 64 27 41 540 7 

70-74 30 300 56 35 50 471 10 

75-79 17 222 29 38 55 361 15 

80-84 3 96 10 29 62 200 31 

85+ 2 37 3 34 62 138 51 

Total 114 1813 279 218 321 2745 120 

Year of Incidence 2009 

Age 

Groups 

Stage I Stage II Stage III Stage IV Stage 

Unknown 

Total  Deceased 

in 2009 

40-44 0 11 1 0 5 17 0 

45-49 2 41 3 4 12 62 0 

50-54 4 114 20 7 19 164 0 

55-59 17 252 34 10 56 369 4 

60-64 18 363 59 24 92 556 2 

65-69 25 434 72 32 83 646 8 

70-74 19 327 49 34 84 513 13 

75-79 12 198 29 39 87 365 16 

80-84 6 90 9 34 64 203 29 

85+ 7 36 2 26 63 134 48 

Total 111 1867 278 210 565 3031 120 

  

The overall cost associated with detection using PSA testing for those 

diagnosed with PCa in 2010 (n=3230) was €360,016; the average cost of a GP visit 

was estimated at €48.51 (SD €8.68) and the average cost estimated of a PSA test was 

€7.22 (SD €3.98). Assuming that all men diagnosed with PCa had two PSA tests prior 

to diagnosis, two confirmatory PSA tests (pre and post biopsy) and treatment 

strategies included quarterly PSA testing (years 1-3 and bi-annual testing in year 4), 

apart from monitoring (which included four PSA tests annually), the total number of 

PSA tests for men diagnosed was estimated at 63,916 for 2010 equating an annual 

average of €461,477 for PSA testing alone based on the assumption outlined that those 

diagnosed from 2007-2010 still living and being treated in 2010 were the only cohort 

being actively treated i.e. maximum follow-up period post-diagnosis was 4 years. This 
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estimate included men tested in 2010 as part of treatment strategies in their second, 

third and fourth years of treatment. This estimate therefore does not include men 

diagnosed with PCa who are being treated >4 years post-diagnosis and also does not 

include men screened but not diagnosed with PCa which is discussed further in the 

next section.  

 

Table 6.5: Total cost of PCa in the RoI 
 

PCa Care Type 

 

Total Cost (2010 €) 

Detection and Staging  

     PSA detection €0.4m 

     Biopsies and Cancer Staging €2.9m 

1
st
 Year of Treatment  

     AM €0.4m 

     EBRT €7.9m 

     RP €3.6m 

     BT €0.6m 

     TURP €2.6m 

     HT €4.7m 

     CT €0.7m 

     Terminal Care €3.7m 

     Total Treatment Complications (in Yr 1) €0.6m 

Total Cost (IB Approach) €28.2m 

Average Cost per PCa Diagnosis (in Yr 1) €7,525 

  

Follow-on Treatment (Yrs 2-4)  

     Post-Treatment F/U (across all modalities) €13m 

     Post-Treatment F/U complications (across all modalities) €4.1m 

Total Cost (PB Approach) €45.1m 

Average Cost per PCa Diagnosis (F/U for 4 Yrs) €12,781 
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Results from the IB approach for those diagnosed and treated (1
st
 year of 

treatment) in 2010 were estimated by multiplying the unit costs (see Table 6.3) by 

those diagnosed (n=3230). Diagnosis which included detection (Unit Cost €56) and 

biopsies and staging (Unit Cost €808) was estimated at approximately €2.9m (see 

Table 6.5).  Treatment costs (for the first year) varied considerably with AM estimated 

at €423,105 (Unit Cost €655), EBRT estimated at €7.9m (Unit Cost €6,122), RP 

estimated at €3.6m (Unit Cost €7,324), BT estimated at €581,238 (Unit Cost €4,999), 

other surgery (TURP) estimated at €2.6m (Unit Cost €5,709), HT estimated at €4.7m 

(Unit Cost €4,670), and CT estimated at €728,547 (Unit Cost €11,278). The cost 

associated with terminal care for the 533 PCa deaths in 2010 was estimated at €3.7m 

(Unit Cost €6,958). The total estimated burden of PCa in 2010 adopting the IB 

approach i.e. based on those diagnosed and those deceased with PCa in 2010 was 

approximately €28m. The average cost of care for the first year of PCa diagnosis was 

estimated at €7,330 excluding treatment complications and €7,525 including treatment 

complications in 2010 (treatment complications in the 1
st
 year of treatment varied by 

modality and totalled to €631,809). 

Post-treatment costs, which included three years follow-up after the first year 

of diagnosis for patients diagnosed 2007-2009 but treated in 2010, were estimated at 

€12.4m. The cost associated with treatment complications (experienced >1 year post-

diagnosis) was estimated at €4.1m. Therefore, the overall estimated burden of 

healthcare costs associated with PCa for those receiving care (up to four year post-

diagnosis) or dying from PCa in 2010 i.e. employing the PB approach, was 

approximately €45.1m. The overall mean costs of PCa care including treatment 

complications and a treatment period of four years (3 years after the 1
st
 year of 

treatment) was €12,781 per patient; this breaks down to an average patient cost of 

€7,330 in year 1, €1,712 in year 2 and 3 and €1,599 in year 4 with an average cost of 

€439 overall for treatment complications i.e. short and long term.   

Figure 6.2 and 6.3 highlights the proportion of costs associated with each 

component of PCa diagnosis and treatment using the IB and PB approach, 

respectively. Detection using PSA testing accounts for the smallest proportion of costs 

across both approaches, 1.3% and 0.8%, respectively. As HT is delivered both in 

isolation and in addition to other radical treatments, it was expected that HT represents 
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the largest proportion of the burden of cost for PCa (32.5%) when employing the PB 

approach as HT is also administered for a longer period of time and has longer term 

side-effects. EBRT account for the 28% and 20.5% for the IB and PB approaches, 

respectively; EBRT had the highest proportion of costs in the IB approach which was 

expected as this modality has the highest usage across patients. RP, although only 

being administered on 15% of the patient cohort represents 13% and 9% of the 

proportion of costs in the IB and PB approaches, respectively. BT, due to the small 

proportions allocated to this treatments accounts for only 2% and 1.5% for the IB and 

PB approaches, respectively. AM accounts for 1.5% and 3% and CT accounts for 

2.6% and 1.6% for the IB and PB approaches, respectively. 

Figure 6.4 highlights the impact of sensitivity analysis employing the 

best/worse case scenarios across components of care for the PB approach. Treatment 

complications are the most sensitive component of care followed by HT and EBRT. 

The two most frequent modalities used for patients with PCa in the RoI in 2010 are 

EBRT and HT and therefore stands to reason why these two modalities impact on the 

total burden of care costs more heavily. 

Figure 6.2: Costs of PCa adopting an IB approach- 2010 
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Figure 6.3: Costs of PCa adopting a PB approach- 2010 

 

 

 

Figure 6.4: Tornado plot of sensitivity analyses 
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In scenario analysis performed in Table 6.6, proportions of the most costly 

radical treatments (RP and EBRT) were reallocated to less costly treatment/ 

monitoring practices, namely BT and AM. Several scenarios were adopted in order to 

assess the impact of reallocation of treatment modalities on costs; in this analysis 

patient outcomes were assumed equal across all modalities. HT and CT were not 

adjusted given the necessary nature of both modalities in the treatment/ management 

of advanced PCa. Redistributing patients from costlier treatments to BT and AM has a 

marginal impact on the overall burden of cost in all scenarios; the cost reduction is 

equivocal to the overall cost of detection and biopsy of PCa in 2010.  

 

Table 6.6: Scenario Analysis- Treatment Modalities  

 

Treatments 

 

Basecase Scenario 1 Scenario 2 Scenario 3 

AM 0.200 0.300 0.300 0.300 

RP 0.150 0.100 0.050 0.050 

EBRT 0.400 0.350 0.300 0.250 

BT 0.036 0.036 0.136 0.186 

HT* 0.310 0.310 0.310 0.310 

CT* 0.020 0.020 0.020 0.020 

Total Cost (PB) €45.1m €43.2m €42.6m €42.4m 

Lower €35.8m €34.3m €33.8m €33.6m 

Upper €54.9m €52.5m €51.8m €51.5m 

% Reduction in Budget 

from Basecase 

 4.2% 5.5% 6.0% 

* Treatments HT and CT are used for more advanced PCa or in addition to radical therapies 

for localised PCa and therefore it is not probable to reallocate these cohorts to other treatment 

regimens .  
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6.4 Discussion 

 

 Costs associated with PCa in 2010 were substantial and represented a sizeable 

proportion (0.4%) of the Irish Heath Service Executive budget which approximates to 

€2,500 per capita (€11bn in total). (Irish Department of Finance, 2010) This analysis 

estimates the total cost at €45.1m (nearly €10 per capita) which differs somewhat from 

that reported €51m by Luengo-Fernandez et al, (2013); however this was anticipated 

due to methodological differences in costing approaches undertaken as highlighted in 

Table 6.1. (Luengo-Fernandez et al, 2013) The estimates in this analysis could be 

argued conservative as a considerable amount of resources are utilised for PSA testing 

and biopsies which result in no cancer being detected. As this analysis was based on a 

cohort of men with a confirmed diagnosis as per NCRI data, those tested and biopsied 

who were subsequently cleared of suspected PCa were not included but represent a 

large proportion of the male population. Additionally, those undergoing investigation 

in outpatient settings and centres of excellence, but undiagnosed, may be recorded 

nationally as PCa expenditures and so would be included in the Luengo-Fernandez et 

al, (2013) estimate. Moreover, a mixed, public-private system of healthcare delivery 

operates in the RoI and costs reported represent public expenditure only; 

approximately 30% of PCa patients in the RoI have access to PHI and so average costs 

of care for this cohort may be substantially underestimated for patients who received 

care in private settings. (Burns et al, 2014)  

 Previous work quoted over €3.5 million was spent on PSA testing alone in 

2010. (Drummond et al, 2013) This analysis suggests PSA usage for those diagnosed 

with PCa and treated for up to four years post-diagnosis represents approximately 13% 

of this estimate, the corollary suggesting that 87% of PSA tests in the RoI are being 

utilised by men without PCa i.e. opportunistic, asymptomatic screening. However this 

assumption was informed by a variety of sources including patient data, national 

guidance and expert opinion and is subject to some uncertainty. Concerns about 

widespread usage of PSA testing in the RoI are well documented given PCa incidence 

levels compared with our European counterparts as discussed in previous chapters. 

(Burns et al, 2012a/2012b; Drummond et al, 2010; NCRI, 2011) If costs associated 

with PSA tests utilised in the RoI for men diagnosed with PCa from 2007-2010 equate 
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to only 13% of the suggested annual costs of PSA test usage as per Drummond et al 

(2013) (where 75% of this proportion is undergoing PSA testing as part of follow-on 

care for those diagnosed and treated), this highlights potential over-usage (1 in 30 

screened are being diagnosed) of PSA testing in primary care and warrants further 

investigation. This is in the absence of a recognised screening programme and while 

the test is non-invasive and does not result in any clinical disutility, the follow-on 

biopsy for purposes of confirming or dismissing PCa has a 1.4% risk of biopsy 

complications which includes hospitalisation; biopsies are also associated with a utility 

decrement. (Hummel et al, 2013; Zhang et al, 2012)  While the burden of cost 

associated with PSA testing is minimal in comparison to treatment costs (<1% 

adopting a PB approach), high levels of PSA testing facilitates over-diagnosis leading 

to arguably unnecessary overtreatment yielding potential benefits but also significant 

harms.  

This concern is further bolstered by the low proportion of men on AM for 

management of PCa (20%) given that approximately 70% of those diagnosed have 

localised PCa and therefore may not benefit from more aggressive treatment 

modalities. PCa is distinct from other cancers as the risk of disease increases 

considerably with age and high prevalence can be found in men over 80 years; autopsy 

studies of undiagnosed men in their 8
th

 decade highlighted between 48% and 69% of 

men have high-grade prostatic intraepithelial neoplasia (HGPIN). (Leal, 2014; 

Sanchez-Chapado, 2003; Soos et al, 2005; Sakr et al, 1994) For those diagnosed 

within their lifetime the majority will also die with PCa and not from PCa, another 

distinction in PCa relative to other cancers. However, current detection methods 

cannot distinguish between PCa that becomes life-threatening or that which remains 

low-risk. Potential unnecessary treatment, which has budgetary implications from both 

a payer’s and a societal perspective, also has a range of quality of life implications for 

the patient and their families. Radical treatments may result in a host of side-effects 

including long-term incontinence and physical dysfunction and studies have shown 

when presented with a full range of informed options patients prefer monitoring to 

radical treatment. (Davison et al, 2009; O’Callaghan et al, 2014) While those 

diagnosed aged 60 to 69 years (40%) potentially yield a mortality benefit from 

diagnosis and treatment (based on ERSPC findings), approximately 40% of those 
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diagnosed are 70 years and over and 50% of those 70 years and over are diagnosed 

with localised PCa. (Eckersberger et al, 2009) Therefore, not only does the RoI present 

worrying trends in PSA testing as outlined throughout this thesis, there is also cause 

for concern in current treatment trends given the clinical stage and age distribution of 

those diagnosed. These concerns further support the necessity to undertake a CEA of 

PSA testing in the RoI. 

 The main drivers of the total cost for PCa were treatment modalities; 

approximately 60% of patients received radical therapy options with curative intent, 

20% were in receipt of HT  presumed to stabilise their condition and 20% were in a 

form of ‘wait and watch’ treatment scenario. Limited evidence is available 

internationally on the efficacy of one treatment compared to another; high-risk men 

with localised disease and a life expectancy >10 years are expected to benefit from 

radical therapy. (Hegarty et al, 2010; Hoffman et al, 2010) In the scenario analysis 

carried out, Table 6.5 outlines the impact on burden of cost if patients were reallocated 

to less costly treatments. It was assumed in this analysis that RP, EBRT, BT and AM 

had the same efficacy in relation to low risk, localised PCa; this assumption is based 

on EUA guidance and evidenced overtreatment trends in countries with high PSA 

testing. Across the three scenarios presented a reduction in overall burden of cost from 

4.2%-6% (i.e. a cost savings of €2.3m on average) could be realised if treatment 

practices were monitored given that the assumptions on efficacy hold true.  

As stated in the introduction, the RoI ranked 17th in PCa expenditure per 

capita across the EU-27. (Luengo-Fernandez et al, 2013) This study estimated per 

patient costs, adopting two strategies: costs of treatment per patient for the 1
st
 year and 

cost of PCa per patient over a four year period. In comparison to similar studies 

undertaken in Europe, PCa per patient costs in the RoI are substantial. Consistent with 

costing methodology used in a French study of PCa per patient costs, the Irish cost 

reported of €12,781 (2010€ including year of diagnosis and three years of follow-up) 

is comparable with the French reported cost of €12,731 (2008€ including five years of 

follow-up) after adjusting for inflation and PPP (2008 equivalent after PPP 

adjustments €11,657 for the RoI and €11,203 for France). (Molinier et al, 2011; 

OECD, 2014) The first year of diagnosis in the RoI was estimated between €7,330 

(2010€) per patient excluding treatment complications; the costs associated with initial 
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treatment one year post-diagnosis in the UK were €3,682 (2006€), Germany €3,698 

(2006€), Spain €3,256 (2006€), Italy €5,226 (2006€) and France €5,851 (2006€). Even 

after inflation adjustments for the Irish estimate (€6,510 2006€ equivalent), costs in 

the RoI are among the highest in Europe. (Fourcade et al, 2009; CSO, 2014) PPP 

adjustments for all costs reported highlight even greater variation with the RoI having 

the highest first year per patient costs; however 2006 was a time of unprecedented 

economic growth in the RoI compared to Europe in general, resulting in high price 

levels which may explain this disparity. The estimates from this analysis however, are 

not consistent with rankings suggested by Luengo-Fernandez et al (2013); Germany 

had the highest PPP adjusted PCa healthcare expenditure per capita (total healthcare 

costs €1.74bn) with France ranked 5
th

 (total healthcare costs €1bn) compared to the 

RoI at 17
th 

(€51m). (Luengo-Fernandez et al, 2013) 

This analysis has several limitations due to assumptions made for costs and 

utilisation parameters. Previous analysis highlighted significant practice variation in 

treatments for late stage PCa in the RoI and it is expected that patterns of utilisation 

modelled are averages but may not represent utilisation at individual centres of 

excellence in the RoI. (Bourke et al, 2014) This analysis endeavoured to incorporate 

all Irish costs; although this objective was achieved for the most part, it was not 

possible to fully calibrate the cost model with Irish costs and clinical parameters due to 

lack of published reference costs, complication rates, and micro-costing studies. The 

Irish reference costs retrieved from the HSE informing overall treatment costs were 

estimated using diagnosis-related group (DRGs) and therefore are averages based on 

resource usage. Treatment complication data were mostly sourced from the literature 

and so may not represent the full complement of complications experienced by 

patients in the RoI. Complications for BT were assumed consistent with that of EBRT 

due to the similarities of modalities; however expert opinion would suggest side-

effects vary across these treatments. The majority of unit costs and resource use 

estimates retrieved did not report uncertainty measures and so methods applied in 

relation to investigating uncertainty were constrained. In the PB approach, it was 

assumed patients were treated for four years post-diagnosis i.e. the initial year of 

treatment and three years of follow-up care. As longer term follow-up data is not 

recorded by the NCRI or by any other institution in the RoI, follow-on treatment may 
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continue after four years post-diagnosis; therefore the costs reported may understate 

the true economic burden given 5 year survival estimates for PCa are promising. 

Additionally, in comparing the estimates presented in this analysis with other 

European countries, follow-up period treatment assumptions may limit accurate 

comparisons as is the case in comparison made in this chapter. Finally, innovations in 

PCa treatment/ management over the last ten years in particular, have resulted in 

significant shifts in treatment practices. The treatment resource use data was sourced 

from NCRI data for 2007-2009 as this was the most up to date, complete patient-level 

data available at the time of this analysis; therefore the proportions estimated for this 

analysis may no longer reflect current practice.  

 

6.5 Conclusion 

 

 The estimated burden of cost associated with PCa in the RoI for 2010 was 

€45.1m employing a health payer’s perspective and adopting a PB approach. Both IB 

and PB approaches provide estimates of the burden associated with PCa. In as much as 

the PB approach captures the budgetary impact in a given year it may well prove more 

useful to policy (Mauskopf, 1998). Increases in PCa incidence, due to PSA testing, 

have significant resource utilisation implications in the RoI as well as across Europe 

and may be a contributory factor of evidenced variation in PCa expenditure. 

Healthcare expenditures associated with PCa are substantial and represent a sizeable 

proportion of the Irish healthcare budget. Wide variation across the EU-27 is evident 

in healthcare expenditure for PCa as reported by Luengo-Fernandez et al (2013); 

however depending on what methodology is adopted costs associated with PCa care, 

either at the expenditure level or the per patient level are considerable and warrant 

further attention. (Fourcade et al, 2009; Luengo-Fernandez et al, 2013) The analysis in 

this chapter illustrated a detailed patient pathway with costs and associated resource 

use parameters for each of the components of care which may act as a template for 

other studies across Europe facilitating more transparency in comparisons. The patient 

pathway constructed for this costing analysis was embedded in the CEA presented in 

the next chapter.  
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Chapter 7: A Cost-Effectiveness Analysis of PSA Testing  

 

7.1 Introduction 

 

 The debate around whether or not PSA testing should be adopted as a 

detection mechanism for PCa has been discussed extensively in Chapter 3. As the 

current evidence lacks robustness and due to opposing results highlighted across the 

two major RCTs (ERSPC and PLCO trials) for PCa detection, it is clear that 

internationally, further research in this area is needed before adopting a population, 

PSA-based, screening programme. (Ilic et al, 2013) Decreased PCa mortality (21%) 

was observed in the ERSPC trial at 13 years follow-up; however, similar results 

were not observed in the PLCO trial and legitimate concerns around PCa over-

diagnosis and overtreatment remain. (Andriole, 2012; Eckersberger et al, 2009; 

Schröder et al, 2014) However, PSA testing consumption trends in the RoI have 

resulted in over-diagnosis and overtreatment potentially resulting in a substantial 

welfare loss. Chapter 4 focused on the principle-agent relationship highlighting that 

non-need factors are driving uptake of PSA testing, including whether or not the 

individual holds PHI. Overall the evidence from Chapter 4 suggests lack of 

regulation in primary care led to high levels of PSA testing which is strongly 

correlated with incidence levels across Europe. (Burns et al, 2012a/ 2012b; 

Drummond et al, 2010) CEAs of PSA testing yielded inconclusive results as 

highlighted in Chapter 3; these studies agreed on further research being necessary to 

address the uncertainty around, and implications of, over-diagnosis and 

overtreatment. (Chilcott et al, 2013; Leal et al, 2010; Pataky et al, 2014) These 

analyses cited methodological limitations; for example, the Oxford model did not 

incorporate utilities to assess the impact of screening on quality adjusted life years 

(QALYs) and the Vancouver model did not vary the RR of mortality according to 

the different rates reported across jurisdictions. (ibid) The CEA presented in this 

chapter incorporated key elements from the CEA’s reviewed in Chapter 3 with the 

intention of improving on evidence available across the literature by addressing 

limitations cited in the design and calibration of the aforementioned CEA’s. (ibid) 
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The following improvements were made to ascertain more robust inference from the 

modelling framework as well as ensure the model was representative of the Irish 

setting: 

 Expanding on screening rounds i.e. frequency of screening used in the 

ScHARR and Oxford Models;  

 Using a ‘current practice’ comparator derived from populated-based clinical 

incidence reflective of the Irish jurisdiction; 

 Incorporating Irish-specific PCa utility data collected as part of this project; 

 Incorporating Irish-specific resource use and costs data collected as part of 

this project; 

 Including a detailed range of scenario analysis including varying the RR of 

mortality. 

 

The objective of this chapter was to undertake a CEA of PSA testing for the 

secondary prevention of PCa in the RoI, estimating both LYS and QALYs as 

effectiveness measures. The results of this analysis can be used in informing a policy 

response in a bid to contain the current public health issue of over utilisation of PSA 

testing in primary care.  

 

7.2 Methodology 

 

The methods used for the CEA of a PSA-based screening intervention 

compared to the absence of an organised screening programme i.e. current practice, 

are outlined in this section. The methodology is divided into several sections given 

the complexities of the modelling framework adopted. Firstly, an overview of the 

rationale for the analytical approach is presented. 
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7.2.1 Methodological Rationale  

 

Unlike other cancers, PCa typically progresses very slowly and often men die 

with PCa than from PCa; PCa is present in approximately two-thirds of men over the 

age of 80 years. (Burns et al, 2014; Drummond et al 2010; Ilic et al, 2013; Leal et al, 

2014) Adding to this there is considerable uncertainty in the histological progression 

of PCa and current trials have only captured up to fifteen years of follow-up. 

(Andriole et al, 2012; Schröder et al, 2014) This disease generally manifests in men 

in the 5
th

 and 6
th

 decade of life and so a decision analytic framework must simulate 

disease progression previous to detection, diagnosis and treatment in order to 

adequately capture the impact of screening in the presence of competing risks for the 

cohort identified that will benefit most from screening (those aged 55-69 years 

according to the ERSPC). (Leal et al, 2010; Schröder et al, 2014) A meta-analysis 

undertaken on men using available autopsy studies found that the age-specific 

prevalence of histological cancer was 12-26% by age 50 increasing to 37-59% by 

age 80 years, depending on ethnicity; this is considered significantly higher than the 

lifetime risk of being diagnosed with and dying of PCa. (Leal et al, 2014) Therefore, 

it is important to understand that men screened at older ages will have a higher 

probability of being screen detected due to the presence of histological PCa, mainly 

asymptomatic and non-life threatening in nature. 

The CEA adopts a comparatively novel, methodological approach estimating 

cost-effectiveness of PSA testing using a multi-parameter evidence synthesis 

(MPES) framework which generates unobserved parameters i.e. parameters that are 

unseen based on limited available evidence (e.g. longer-term observational studies); 

this method reduces the impact of uncertainty caused by limitations in the evidence 

base. For example, MPES estimates a range of model parameters that are not 

obtainable by using clinical data collected from disease registries or ongoing trials 

i.e. based on the data that is obtainable. In absence of all available data, MPES 

facilitates simulation of the data that is not accessible as a function of the data that is 

accessible provided a relationship exists across the data observed and unobserved. 

More traditional methods may instead use proxy’s informed by international 

literature or expert opinion with wide variation to allow for jurisdictional variation; 
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however this introduces more uncertainty in the outcomes and therefore limits 

inference. For example, in the ScHARR model three scenarios were employed based 

on the literature for screening sensitivity associated with PSA testing and results 

were reported for each scenario yielding high variation in interpretation. The Oxford 

model using demographic data, all-cause and PCa mortality data, clinical diagnosis 

by age and cancer stage and ProtecT trial data simultaneously estimated screening 

sensitivity and clinical diagnosis sensitivity using the MPES framework. As clinical 

diagnosis rates were previously observed (acting as informative priors), the 

simulated clinical diagnosis sensitivity parameters could be validated to ensure 

goodness of fit suggesting the screening sensitivity parameters also exhibited 

goodness of fit. The MPES methodology utilised is an extension of the Etzioni 

model of asymptomatic cancer incidence which was greatly expanded to incorporate 

the natural history of PCa and the impact of PSA-based detection. (Etzioni et al, 

1998, 2002 & 2005; Leal, 2010) The Oxford and the Vancouver FHCRC models 

reviewed in Chapter 3 were based on modelling techniques pioneered by Etzioni. 

(Etzioni et al, 1998, 2002 & 2005; Leal, 2010; Pataky et al, 2014) In this analysis, 

the extension developed by Leal (2010) was adopted and is discussed further in 

section 7.2.3. The rationale for the adoption of this model is three-fold. Firstly, there 

is a paucity of evidence in the RoI for informing a CEA of PSA testing. Thus, single 

sources of data from different jurisdictions informing parameterisation of a CEA 

model may introduce selection bias into the model increasing uncertainty around 

estimates. Additionally, the Irish healthcare delivery model is unique; although 

similarities exist across other jurisdictions, differences in delivery of care, 

particularly in the area of diagnosis and treatment for PCa, highlight distinct 

structures which need to be factored in to the choice of modelling techniques 

employed. Secondly, the natural history of PCa proves challenging to estimate and 

the literature around estimates highlight a high degree of uncertainty; albeit high 

levels of histological cancer have been evidenced in autopsy studies. (Leal et al, 

2014; Sanchez-Chapado, 2003; Sakr et al, 1994; Soos et al, 2005) Thirdly, disease 

progression parameters, for example transition probabilities, generally exhibit 

moderate to high correlations. The range of unobservable parameters i.e. unseen or 

unevidenced data points, necessary for a robust modelling framework need to be 

constructed using similar methods to ensure correlations are preserved or induced 
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where possible yielding more robust results, thus curtailing high levels of uncertainty 

in estimates. Therefore to undertake a CEA for PSA testing which entails modelling 

PCa disease progression from a cancer-free health state to diagnosis and on to death, 

the appropriate methodology is pivotal for handling uncertainty driven, in particular, 

by the absence of robust histological and clinical understanding as well as the 

variation in reported measures of screening effectiveness internationally. The Oxford 

model had not been validated to other jurisdictions previous to this analysis and thus 

presented an opportunity for collaboration which facilitated completion of the 

objectives of this thesis as well as a validation exercise for the collaborators. The 

Oxford model structure also permitted the potential for extension which aligned with 

the needs of the CEA of PSA testing within the Irish setting. 

When attempting to construct a decision analytic framework for screening for 

PCa, it is pivotal that the natural progression of the disease previous to screening and 

treatment, and allowing for competing risks i.e. death from other causes and clinical 

diagnosis, is simulated in order to ascertain the true impact of screening and 

associated follow-on care. Natural progression of disease, including PCa, is normally 

modelled using a Markov model structure. (Leal, 2010)  

It is the case with PCa that partially observed data are available 

where the number of individuals starting in a given stage of the 

disease is known as are those who reach subsequent states during 

a defined follow up period. The synthesis of these data provides a 

prior expectation of what the natural history of histological cancer 

might be. Furthermore, this prior expectation together with 

histological prevalence can be combined in a MPES framework 

with data on screening prevalence and clinical diagnosis specific 

to a particular jurisdiction. This allows the calibration and 

validation of these parameters to that particular jurisdiction and 

the simultaneous estimation of the respective sensitivity of 

screening and sensitivity of clinical diagnosis in its absence. (ibid) 

 

The MPES methodology allows for the synthesis of the unobservable disease 

parameters i.e. the sensitivity of mass screening, needed for the Markov structure 
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using a Bayesian framework
9
 which enables calibration of the Markov model. The 

main advantage offered by evidence synthesis is the ability to improve upon more 

traditional modelling efforts which could not fully depict disease progression due to 

a lack of evidence; evidence synthesis can also more robustly address the posited 

relationship between unobserved parameters. The MPES structure is discussed 

further in section 7.2.4. 

 

7.2.2 Theoretical Framework 

 

The theoretical framework underpinning the analytical methodology used in 

this chapter is rooted in extra-welfarism; the debate on what is ‘extra’ about extra-

welfarism is ongoing, however it is generally accepted that the approach uses 

methods which assess the impact of various health outcomes from both the 

individual and the societal perspective. (Brouwer et al, 2008) Cost-effectiveness is 

assessed in this analysis using both a CEA and a CUA; the CUA measuring 

effectiveness as the benefit achieved from PSA-testing using QALYs- a combination 

of changes in overall survival and the quality of that survival as experienced by the 

patient. By adjusting clinical outcomes by the perceived value to the individual of 

that outcome, a more encompassing understanding of the preferences for the 

intervention can be understood. Extra-welfarist theory rejects the notion that 

individuals’ utilities are the main driver of the social welfare function. (Birch et al, 

2003; Culyer, 1991; Parkin et al, 2006) QALY’s therefore represent a measure of 

effectiveness in economic evaluations which, “relies on an external (decision 

maker’s’) judgement that, in the allocation of limited health budgets, improvements 

in health rather than utility, are the appropriate maximand.” (Parkin et al, 2006) The 

debate on whether extra-welfarism is a distinct extension of welfarism is on-going 

with many arguing against this assertion; however, the application of QALYs, 

                                                           
9
 In Bayesian statistics, current knowledge of the state of the world can be modelled using a prior 

distribution; this can then be informed by real world data which facilitates the estimation of a 
posterior distribution. In modelling disease progression, when some clinical parameters are known 
and some are unknown, prior distributions can be informed by partially observed data to estimate 
joint posterior distributions which exhibit the expected correlations given prior expectation. (ISBA, 
2015; Leal 2010) 
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deemed non-individualistic, in health technology assessment has become grounded 

in extra-welfarist theory. (Birch et al, 2003; Culyer, 1991; Parkin et al, 2006)  

 

7.2.3 Study Design and Setting 

 

The aim of this study is to provide a nationally-representative CEA and CUA 

of PSA testing for the secondary prevention of PCa in the RoI. The Irish healthcare 

setting has been discussed throughout this thesis. Data informing the model is 

discussed extensively later in this section and has been examined from a resource use 

perspective in Chapter 6; available Irish data was used to populate the decision 

analytic framework. The clinical incidence, treatment and mortality parameters were 

obtained from the NCRI which captures 98% of all cancers diagnosed in the RoI. At 

the time of this analysis, NCRI patient level data which includes a range of clinical 

and demographic variables was complete for all men diagnosed in the RoI between 

1994 and 2009. As 2009 was the most up to date year available, current practice i.e. 

the comparator for the CEA model, was therefore based on those diagnosed in 2009 

and this represented the absence of an organised PSA-based screening programme. 

The choice of comparator is an important element of the construction of a cost-

effectiveness model; current practice is considered the most appropriate comparator 

when assessing the impact of a proposed intervention. (HIQA, 2014) However, the 

intervention being assessed in this CEA is an organised screening programme for 

PCa, the natural counterpart being the absence of an organised screening 

programme. It is important to note that this is not the case for the RoI, as the absence 

of an organised screening programme for PCa in the RoI does not suggest the 

absence of screening as high levels of opportunistic PSA testing are evidenced. 

Therefore choosing a comparator based on the natural counterpart of a population-

based screening programme would not have been appropriate for this jurisdiction 

and would not have reflected national guidance. (ibid) 

The cost-effectiveness model evaluated a simulated cohort of 100,000 men 

entering the model at age 30 and following them over a lifetime horizon. The PSA-

based screening programme is introduced at age 50 until age 69; this age cohort was 
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chosen based on the findings from the ERSPC and international guidance discussed 

in Chapter 3. As highlighted in Chapter 6, a very small proportion of men were 

diagnosed in the RoI previous to age 50 and international guidance is in agreement 

that asymptomatic testing of men previous to this is unnecessary. (Ilic et al, 2013; 

Schröder et al, 2014) Similarly, asymptomatic testing of men over the age of 70 

years, who if diagnosed, will generally not live long enough to progress to 

problematic PCa has also been advised against by international guidance. (Andriole 

et al, 2012; Ilic et al, 2013; Schröder et al, 2014; USPSTF (2012) The harms i.e. 

treatment complications and long term side-effects, associated with over-diagnosis 

and overtreatment for this older age cohort, in particular, significantly outweigh the 

benefits i.e. a mortality benefit. (Andriole et al, 2012; Ilic et al, 2013; Schröder et al, 

2014)  

A public payer’s perspective was adopted and both costs and benefits were 

discounted at 5% per annum as per Irish HTA guidance. (HIQA, 2014) Although a 

societal perspective provides further information on travel costs, informal care costs 

and productivity losses, it was not possible within the research timeframe to source 

the extra data needed to address the societal impact. The maximum threshold for the 

incremental cost-effectiveness ratio (ICER) was set at €45,000 which is commonly 

used as the upper range for the adoption of healthcare interventions in the RoI; the 

lower range historically is set at €20,000
10

. (ibid)  

 

7.2.4 Modelling Framework 

 

The main objective of this analysis is to derive incremental cost effectiveness ratios 

(ICERs) for the introduction of a population-based PSA testing programme 

compared to current practice i.e. the presence of high volume opportunistic PSA 

testing. Each element of the model is discussed in this section, however in order to 

                                                           
10

 HTA guidance in the RoI explicitly advises lower and upper thresholds for economic evaluations of 
pharmaceutical interventions; however non-pharmacologic interventions may be subject to a range 
of WTP thresholds as explicit limits are not stated by HIQA. Therefore, the pharmacologic thresholds 
were adopted for this analysis, however ceiling ratios for the CEAC’s ranged from WTP thresholds of 
€100- €100,000.  
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reach the end goal (the estimation of cost-effectiveness results for the screening 

programme) several components are needed which can be thought of as components 

of an engine. The most vital component needed is a detailed modelling framework 

which simulates PCa disease progression in the absence and presence of an 

organised PSA testing programme; several sub-components are employed in 

building the modelling framework. The following outlines the several interlinked 

components (which build on each other) of the modelling framework chosen: 

1. The Etzioni Model of Disease Progression facilitates the estimation of the 

number of new histological cases of PCa i.e. those progressing from a cancer-

free health state to a PCa health status. This is reviewed in sub-section 

7.2.4.1. 

2. The Markov Model illustrates the health states and relationships therein of 

histological PCa. This is reviewed in sub-section 7.2.4.2. 

3. The MPES Framework which is an extension of the Etzioni model facilitates 

the estimation of unobservable parameters outlined in the Markov model of 

histological PCa using partially observed data in order populate the cohort, 

semi-Markov model of disease progression. This is discussed in sub-section 

7.2.4.3. 

4. The Cohort, Semi-Markov Model which is populated by observed and 

synthesised parameters is used to generate clinical outcomes. This is 

discussed in sub-section 7.2.4.4. 

5. The Decision Analytic Model is integrated into the cohort, semi-Markov 

model for the purposes of estimating the cost-effectiveness and cost-utility 

analysis. This is discussed in sub-section 7.2.4.5. 

7.2.4.1 Model of Disease Progression 

 

The Etzioni model of disease progression, Figure 7.1, was used as the 

foundation for the Oxford model developed by Leal (2014). The Etzioni model of 

disease progression adopts MPES methodology for the estimation of unobservable 

parameters. The Etzioni model permits the estimation of the transition probability, 

conditional on age, from the health state of ‘no cancer’ to localised PCa i.e. the 
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probability of developing localised (stage T1) PCa which is asymptomatic; this is the 

first component of the Markov model structure used for the CEA. (Etzioni et al, 

1998, 2002; Leal, 2010) The components of the Etzioni model can be reviewed in 

more detail in Appendix 2.4. The histological prevalence estimates, P0,i and P1,i,
11

 are 

informed by a meta-analysis of autopsy studies, all-cause mortality rates were 

obtained from life tables published by the Central Statistics Office (CSO), and PCa 

incidence and mortality rates were obtained from the NCRI. (CSO, 2012; Leal, 2010; 

Leal et al, 2014; NCRI, 2013) The Etzioni model simulates the full population for a 

particular jurisdiction who may be at risk of a disease e.g. men from the age of 30, 

and categorises the population into prevalent cases and non-prevalent. The number 

of ‘lost cases’ i.e. those deceased from other causes (non-PCa related) and those 

clinically diagnosed with PCa (no longer ‘symptom-free’) within a given interval are 

estimated which then allows the estimation of histological PCa incidence rate by age 

and lead time or preclinical duration of histological PCa. This symptom-free, 

prevalence estimate is used in the cohort, semi-Markov model for the entry transition 

(nt) into the disease model (see Figure 7.4).  

Figure 7.1: Etzioni model of disease progression 

 

                                                           
11

 𝑃0,𝑖  and 𝑃1,𝑖 represent histological prevalence of prostate cancer at the start and end of a given 

age interval i, respectively. 
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7.2.4.2 The Markov Model of Histological PCa 

 

The natural history of PCa can be modelled using a Markov model structure 

and thus informed by cohort studies of men with untreated PCa. (Chodak et al, 1994; 

Leal, 2010; Leal et al, 2014) A Markov model is used to replicate clinical health 

states for disease progression; construction of the model is based on clinical 

classifications of the disease and recommended good practice guidance. (Philips et 

al, 2006) Markov models are widely used in medical decision making due to their 

advantages in simulating diseases where risk is continuous over time, where the 

timing of the events is important and when events may occur more than once. 

(Briggs et al, 1998; Gray et al, 2011; Leal, 2010; Sonnenberg et al, 1993) The aim of 

the Markov model is to simulate disease progression in untreated, histological 

cancer; clinical stages were defined in keeping with TNM classification of malignant 

tumours. For the purposes of modelling chronic progressive diseases such as PCa, a 

Markov chain is used to estimate movements of patients between mutually exclusive 

and finite states, S,  over time; this involves defining a Markov transition matrix, P, 

where each value in the matrix represents the probability of moving from one state to 

another. (Leal et al, 2010) The number of patients changing between states over time 

is then estimated by multiplying the transition matrix, P, by a vector containing the 

initial probabilities for patients across each state, W. (ibid) In constructing a Markov 

model to simulate the natural history of PCa it is necessary to define: a finite number 

of health states, S; the initial distribution of patients in all health states, W; and the 

transition matrix, P. Figure 7.2 presents a simplified Markov model of disease 

progression, where T1a represents a localised PCa health state, T3 represents a 

locally advanced PCa health state, M1 represents a metastatic PCa health state and 

the final health state represents PCa-related death; this is consistent with the TNM 

clinical classification of PCa discussed in previous chapters. The λ denotes transition 

probabilities for each of the previous health states to the next. The Etzioni model in 

the previous section was used to estimate λ1,t  (not depicted in Figure 7.2) which 

represents the transition from no cancer to T1a.   
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T1a T3 Death from cancer 

1,2

1 

2,3 3,4 
M1 

Figure 7.2: Markov Model of Prostate Cancer 

 

 

 

The histological cancer framework of the model is based on the natural history of 

disease. (Leal, 2010) As individuals progress to stage T1a, they then face the 

following possible health states: die from causes other than PCa, be clinically 

diagnosed, be screen detected or remain undiagnosed. The death from other causes 

and the cancer detection states (i.e. screen and clinical) are absorbing states within 

the Markov model structure. The non-diagnosed individuals who do not die may 

remain in the same stage or progress to a more advanced histological cancer stage. 

Assuming for simplicity, that λ is independent of time t, the transition rate matrix, R, 

for the PCa four-state model (Figure 7.2) can be defined as,  

 

 

                                        [

−𝜆1,2 𝜆1,2 0 0

0 −𝜆2,3 𝜆2,3 0

0 0 −𝜆3,4 𝜆3,4

0 0 0 0

]                            (11) 

 

A zero in the transition matrix means that a transition between two states is not 

possible; additionally, each row must sum up to zero. The ‘death from cancer’ state 

is called an absorbing state as no movement is allowed out of it, i.e. all row values 

are zero as the probability of leaving this state are zero. Finally, the probability of 

remaining in a particular health state (S) at time t is obtained by exp(-λst). In order to 

obtain the transition probability matrix, P(t), from the transition rate matrix, R, for 

purposes of constructing the Markov model a transformation is needed.  The 

transition rate matrix, R, and the transition probability matrix, P(t), are related; R is 

the time derivative at time zero of the transition probability matrix P(t). Therefore:  
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Death 
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                                         𝑅 = 𝑑𝑃(0) = limΔt→0
Pr(Δ𝑡)−𝑃(0)

Δ𝑡
  (12)  

 

where P(0) = I, the identity matrix i.e. the initial probability matrix, W, equals the 

identity matrix.. The Chapman-Kolmogorov equation then provide, 

 

                         𝑃𝑡+Δ𝑡 − 𝑃𝑡 = 𝑃𝑡𝑃Δ𝑡 − 𝑃𝑡 = 𝑃𝑡(𝑃Δ𝑡 − 𝐼) ≈ 𝑃𝑡𝑅Δ𝑡      (13) 

 

By using the Chapman-Kolmogorov and Kolmogorov forward equations, the 

transition probability matrix P(t) for the four-state Markov model is defined as: 

 

  

  

 

[
 
 
 
 
𝑝1,1(𝑡) 𝑝1,2(𝑡) 𝑝1,3(𝑡) 𝑝1,4(𝑡) = 1 − ∑ 𝑝1,𝑖(𝑡)

3
1

0 𝑒−𝜆2,3𝑡 −
𝜆2,3(𝑒−𝜆2,3𝑡−𝑒−𝜆3,4𝑡)

𝜆2,3−𝜆3,4

𝜆2,3(1−𝑒−𝜆3,4𝑡)−𝜆3,4(1−𝑒−𝜆2,3𝑡)

𝜆2,3−𝜆3,4

0 0 𝑒−𝜆3,4𝑡 1 − 𝑒−𝜆3,4𝑡

0 0 0 0 ]
 
 
 
 

  

            (14) 

where 𝑝1,1(𝑡)= 𝑒−𝜆1,2𝑡 and 𝑝1,2(𝑡), 𝑝1,3(𝑡) and 𝑝1,4(𝑡) refer to the probability of the 

cohort being in states T1a, T3, M1 and ‘death from cancer’, respectively, for any 

given time t. As t goes to infinity, the proportion of patients in states T1a, T3 and M1 

will approach zero while the proportion of patients in state ‘death from cancer’ will 

approach one (death from other causes is not depicted in the transition probability 

matrix, P(t), as this is based on the simple four-state Markov model). If the 

assumption that  is constant with time t is unrealistic, then several transition rate 

matrices, R(t), within specified time bands could be defined where  would not be 

expected to change.
12

 The extended model representing the histological cancer 

progression in any given stage is presented in Figure 7.3 

                                                           
12

 An alternative to the above methodology would be to use proportional hazards models and define 
the transition rates (baseline hazard) as a function of a set of covariates such as age. 
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Figure 7.3: Progression of histological cancer in a given cycle

Notes: 

a.T1: histological cancer with 

clinical stage T1-T2;  

a.T3: histological cancer with 

clinical stage T3-T4;  

a.M1: histological cancer with 

clinical stage M1; 

 

 𝑛𝑡: number of incident cases at 

age t; 

 𝑐𝑡: sensitivity of clinical 

diagnosis at age t; 

 

 𝐻𝑅1, 𝐻𝑅2 and 𝐻𝑅3  represent 

the hazard ratio of being 

clinically diagnosed given 

histological cancer stage T1-T2, 

T3-T4 and M1, respectively; 

 𝑡𝑝1 and 𝑡𝑝2 represent the 

transition probabilities for the 

progression of cancer from 

histological stage T1 and T3, 

respectively; 

 𝑚𝑜𝑟𝑡𝑡 represents mortality rate 

from other causes than cancer at 

age t. 
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7.2.4.3 MPES Framework 

 

The MPES framework was used to construct the cohort, semi-Markov model. 

Partially observed data are available for PCa disease progression when the number of 

individuals starting in a given stage of PCa is known. The synthesis of these data 

provides a prior expectation of what the natural history of histological PCa might be 

i.e. histological PCa is PCa present in the absence of clinical diagnosis. (Leal, 2010) 

Furthermore, this prior expectation together with histological prevalence (as 

estimated using the Eztioni model) can be combined in a MPES framework with data 

on screening prevalence and clinically diagnosed (non-histological) PCa. This 

facilitates calibration and validation of these data (with respect to their fit within the 

MPES model) and the simultaneous estimation of the respective sensitivity of 

screening and sensitivity of clinical diagnosis in its absence i.e. the data needed for 

the decision analytic framework which is unobservable. (ibid) In order to synthesise 

the unobservable parameters using MPES and adopting a Bayesian framework, the 

following data is needed to inform the prior expectations on which the joint posterior 

distributions will be estimated from: 

 autopsy studies of histological PCa;  

 cohort studies of untreated PCa; 

 Irish-specific national cancer registry data on clinical PCa incidence rates and PCa 

detected by clinical stage; 

 Screening data on prevalence of PCa and prevalence by PCa cancer stage; 

 

Systematic reviews of both autopsy studies of histological PCa and cohort studies of 

untreated PCa were undertaken for purposes of constructing the Oxford model. (Leal, 2010; 

Leal et al, 2014) Given the recentness of the systematic reviews undertaken, it was felt there 

was no need to update these; in addition, the findings of these reviews influenced the 

structure of the MPES model. NCRI data was obtained for PCa incidence and clinically 

detected PCa cases were broken down by clinical stage. Data on prevalence of PCa as 

diagnosed through screening were not available for the RoI and so data obtained from UK 
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studies which reported UK ProtecT
13

 trial results were used. (Donovan et al, 2010; Hummel 

et al, 2013; Leal, 2010) Table 7.1 outlines the Oxford MPES model assumptions. 

Figure 7.4 outlines the structure of the Oxford MPES screening model with 

unobservable parameters i.e. parameters where no current available evidence exits, 

highlighted. 

 

Table 7.1: Assumptions for the Oxford MPES screening model for prostate cancer 

Oxford Model Assumptions 

1. Histological prostate cancer is assumed to be negligible before 30 years of age. 
 

2. Histological prostate cancer will progress until death or diagnosis. 

 

3. Probability of death from other causes is the same across all histological cancer 

stages. 

4. Probability of being clinically diagnosed depends on the underlying histological 

clinical stage. 

5. Probability of being screen-detected is independent of the underlying clinical 

stage. 
 

6. Histological cancer stage ‘T1’ incorporates clinical stages (T1a-c and T2a-c 

without M1). 

7. Histological cancer ‘T3’ incorporates clinical stages T3-T4 without M1. 
 

8. Screening occurs sequentially after death from other causes and clinical diagnosis. 
 

9. Effectiveness of screening in reducing prostate cancer mortality is assumed to be 

lifetime. 

10. Death from prostate cancer is only possible after histological cancer becomes 

diagnosed. 

11. Cancer-specific mortality rate comprises of recurrence and progression until 

cancer-specific death. 

12. The annual rate of cancer-specific death was assumed to be constant and applied 

to lifetime. 

 

 

                                                           
13

 The Prostate Testing for Cancer and Treatment (ProtecT) follows men from screening to follow-on 
care in order to assess which treatment is the best, with respect to efficacy and quality of life 
outcomes, for PCa. This trial is on-going. http://www.bris.ac.uk/social-community-
medicine/people/project/1447 
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Figure 7.4: Oxford MPES screening model 

 

Notes: a.T1: histological cancer with clinical stage T1-T2; a.T3: histological cancer with clinical stage T3-T4; a.M1: histological cancer with clinical stage 

M1; 𝑛𝑡: number of incident cases at age t; 𝑑1, 𝑑2and 𝑑3 represent the annual probability of cancer related death in clinical stages T1-T2, T3-T3 and M1, 

respectively; 𝑒𝑓𝑓: effectiveness of screening in the reduction of prostate cancer related death; 𝑐𝑡: clinical diagnosis rate at age t; 𝐻𝑅1, 𝐻𝑅2 and 𝐻𝑅3 represent 

the hazard ratio of being clinically diagnosed given histological cancer stages T1-T2, T3-T4 and M1, respectively. 𝑠𝑡: sensitivity of PSA screening at age t; 

𝑡𝑝1 and 𝑡𝑝2 represent the transition probabilities for the progression of cancer from histological stage T1 and T3, respectively.
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Grounded in a Bayesian framework, the results of the meta-regressions from 

the autopsy and cohort studies (not reported in this thesis but estimated and 

presented in Leal (2010)) were calibrated with Irish-specific mortality and incidence 

data and used as informative prior expectations in the MPES model enabling 

estimation and validation of the joint posterior distributions of the parameters of 

interest using WinBUGS coding
14

 (as highlighted in Figure 7.4). The estimation of 

model distributions using the Oxford MPES model was undertaken solely by Dr. 

Jose Leal. These distributions were then included in the cohort, semi-Markov model 

which the decision analytic framework was integrated into. (Leal, 2010) All cost-

effectiveness inputs constructed using the Oxford MPES model, are listed in section 

7.2.5. 

 

7.2.4.4 The Cohort, Semi-Markov Model 

 

Once all parameters have been constructed, the result is a functional cohort, 

semi-Markov model which can be used in a decision analytic framework to assess 

cost-effectiveness. Similar to the Markov process, the semi-Markov process “holds 

that only the current state is relevant for the transition rates - and in this sense, there 

is still memorylessness.” (Schumm, 2009) However, in distinguishing a semi-

Markov process from the stricter Markov process, transition rates to other health 

states may change over the duration of being in a particular health state in the semi-

Markov process and therefore, “the inter-arrival times between subsequent states are 

no longer exponentially distributed.” (ibid) In addition, the model structure which 

incorporated MPES synthesis processes (adopting a Bayesian approach), somewhat 

relaxes the strictness of the Markovian assumption. (Johnson et al, 2013; Kao, 1972) 

                                                           
14

 The Oxford MPES model for estimation of joint posterior distributions constructed by Dr. Jose Leal, 
has not been published to date and so IP issues and the proprietorial nature of the model limited the 
level of interaction with the model. Therefore, the Irish specific data needed to calibrate the model 
to the Irish setting and thus estimate the posterior distributions was retrieved and formatted in line 
with the MPES coding structure and the model was estimated by Dr. Jose Leal. Validation checks 
were performed relative to the UK model to assess how the Irish data fit into the MPES model 
assumptions and the posterior distributions were also examined in relation to their alignment with 
informative priors which were assumed highly correlated. Validation checks facilitated recalibration 
where needed and although 2009 clinical incidence data was used in the final MPES estimation, Irish 
PCa clinical incidence and matching mortality from 1998 and 2004 were also examined in order to 
test goodness of fit.  
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The semi-Markov structure allows construction of highly interpretable models that 

admit natural prior information on state durations consistent with the Bayesian 

approach. (Johnson et al, 2013) The semi-Markov approach allows for transition 

probabilities to adjust based on the time spent in previous health states; this is 

particularly important when modelling PCa as there is limited understanding of 

histological progression and high variation reported across the literature in relation to 

lead time. (Etzioni et al, 2002; Leal et al, 2014; Telesca et al, 2008) 

 

The cohort, semi-Markov model simulated the natural history of 100,000 

men who were PCa-free entering the model at 30 years of age; annual cycles were 

chosen due to the slow progressive nature of PCa, and major transitions were not 

expected to occur over shorter time periods i.e. less than annually; however at more 

advanced stages annual cycles were considered necessary to capture health state 

transitions. Men either remained in their present health state, moved to PCa onset 

(T1a) or died from causes other than PCa. Previous to the introduction of screening 

at age 50, men progressing to T1a may either be clinically diagnosed or die from 

other causes; commencing the model at age 30 facilitated 20 years of a burn-in 

period which allows the model to become more stable. Men entering histological 

cancer stages T3 and M1 face a similar progression structure in the absence of 

screening; albeit with different probabilities (see Figure 7.4). At 50 years of age 

organised screening scenarios are introduced at different intervals and undiagnosed 

men progressing to any of the cancer stages i.e. T1a, T3, M1, either remained 

undiagnosed in the current state, were diagnosed clinically, were diagnosed after 

being screen detected (having an abnormal PSA result) or died from other causes. 

The model structure assumed for men to die from PCa, a diagnosis had to be made 

prior to death.  
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7.2.4.5 Decision Model 

 

The decision model was constructed with the aid of a multi-disciplinary 

project team in order to accurately depict the PCa patient pathway in the RoI. The 

decision model structure was then integrated into the cohort, semi-Markov model; an 

annual cycle length was chosen based on the slow progression of the disease as 

explained in the previous section. The intervention arm included a range of PSA-

based screening scenarios as outlined in the next section assuming 100% uptake of 

the screen (best-case scenario for a national screening programme) and the 

comparator included a representation of ‘current practice’ i.e. opportunistic 

screening, which was informed by clinical incidence rates stratified by age and 

clinical stage for all men diagnosed with PCa in the RoI in 2009; this is similar to the 

comparator used for the PLCO trial control arm. It was not plausible to assess a 

national PSA-based screening programme with a ‘no screen’ comparator as there is 

no data to reflect this available for the RoI (or similar jurisdictions). Development of 

a comparator in which opportunistic uptake was suppressed by using government 

incentives – for example the use of issuance of guidance, the maintenance and 

publication of a registry of tests, with use of penalties or withholding of capitation 

payments, is in principal possible. As is evident there are various ways in which such 

incentives could be constructed. How these might affect practice though is unclear, 

further what responses they might elicit further along the care pathway is also 

unclear. Within the mixed public/private healthcare system that operates in the RoI, 

where the incentives facing practitioners are complex and mutable assessing a priori, 

the response of GPs and patients is particularly problematic. This would require 

extensive re-modelling that it would be hard to justify given the inherent 

uncertainties that would remain around assumptions used. The decision model used a 

3ng/ml PSA cut-off; therefore men who had a >3ng/ml PSA result were considered 

at risk of PCa and were referred to a centre of excellence. Men were then clinically 

assessed and based on a sustained raised PSA test (>3ng/ml) were offered a biopsy 

and explained the benefits and harms associated with a biopsy. The biopsy is the 

point of confirmation of PCa in the patient pathway and men cannot be diagnosed 

and clinically staged without undergoing a biopsy; a small proportion of men refuse 

biopsy for various reasons and are then monitored in primary care. Following on 



CHAPTER 7- A COST-EFFECTIVENESS ANALYSIS OF PSA TESTING 

178 
 

from a positive biopsy, men were instructed about the range of treatments on offer 

given their particular clinical stage, Gleason grade and general health level. For men 

who received a negative biopsy, they received clinical follow-up every six months 

with their GP until the age of 70 years should the disease not manifest by then.  

Treatment was not modelled separately in the decision framework due to a 

lack of evidence with respect to efficacy rates across treatment modalities; this is 

consistent with the Oxford decision analytic framework. Instead, treatments were 

grouped into clinical stages, TNM i.e. the average treatment offered to men with 

localised PCa (treatment state 1), advanced PCa (treatment state 2) and metastatic 

PCa (treatment state 3). Data were available on what treatments were received by 

men diagnosed in 2009 and their clinical stage at diagnosis; treatment complications 

and short and long term side-effects were modelled for each treatment and then 

weighted averages of costs were assigned to each of the three treatment states. As the 

UK ProtecT trial is still ongoing and is the only trial internationally following men 

screened in order to assess efficacy rates across treatment modalities for PCa, the 

only clinical outcome measure assigned to each of the treatment states is 5-year 

survival (varying based on clinical stage) which is representative of each of the 

treatment states. Treatments could have been modelled individually for each of the 

clinical stages and efficacy rates could have been assumed based on literature 

reviews and indirect treatment comparisons; however this would have added several 

layers of complexity to the model and thus, introduce further uncertainty into the 

results. Also, the aim of the decision framework was to assess cost-effectiveness of a 

proposed PSA-based screening programme relative to current practice and therefore 

an extension to the model including separating out treatment arms was unnecessary 

for fulfilling the stated objective. Furthermore, ambiguity still exists around the type 

of PCa that needs treatment and the type that would benefit more if left untreated and 

this cannot be reflected within this modelling framework. Utility data discussed in 

the next section was also employed as an outcome measure.   
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Figure 7.5: Decision analytic framework for PSA-based screening  
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7.2.4.6 Screening Strategies 

 

PSA testing strategies were informed from the CEA literature on screening 

for PCa which was reviewed in Chapter 3. Table 7.2 outlines the seven screening 

strategies employed for the CEA models. Men were assumed to be tested once at age 

50; or, starting at age 50, every 5 years or every 10 years until age 70. Strategies 

involving once-off testing at 55, 60 and 65 years were also considered. At 55 years 

men were also screened every 10 years until age 70. More frequent screening 

strategies could arguably have been adopted, however given the pooled evidence 

presented in CEA’s of screening for PCa internationally and the evidence against 

PSA testing in general, a more pragmatic set of strategies was decided upon. This 

was reviewed after the first set of analysis and given that most commonly used WTP 

threshold in the RoI is currently €45,000 for the introduction of pharmacologic 

therapies, more frequent screening strategies would have been dominated i.e. less 

cost-effective, in this framework. Adaptive screening rounds, representing 

personalised risk assessment based on previous PSA results, as used in the 

Vancouver FHCRC Model, were also not an option as patient data was not available 

in the RoI on age-specific, PSA cut-offs in use or PSA result history.  

 

Table 7.2: Model screening strategies 

PSA-based Screening Strategies 

1. Single Screen at Age 50 

2. Screen every 10 years from Age 50-69 (At Age 50 and 60 years) 

3. Screen every 5 years from Age 50-69 (At Age 50, 55, 60 and 65 years) 

4. Single Screen at Age 55 

5. Screen every 10 years from Age 55-69 (At Age 55 and 65 years) 

6. Single Screen at Age 60 

7. Single Screen at Age 65 

 

 



CHAPTER 7- A COST-EFFECTIVENESS ANALYSIS OF PSA TESTING 

181 
 

7.2.4.7 Model Scenarios 

 

i. PSA Cut-Off Levels 

Various PSA cut-off levels are used internationally; the ERSPC now use a 

3ng/ml PSA cut-off guided by the EUA guidelines discussed in Chapter 3; however 

it has been suggested that it is more common in the RoI to use a 4ng/ml PSA cut-off. 

(Drummond et al, 2013; Heidenreich et al, 2013)  For purposes of replicating current 

practice as effectively as possible, two separate models were constructed and PSA 

cut-off levels were varied between models from 3ng/ml to 4ng/ml to reflect both 

European guidance and suggested practice variation in the RoI. The 3ng/ml PSA cut-

off model is considered the base case model in the CEA and the 4ng/ml PSA cut-off 

model is one of the scenario models undertaken. The results from both models are 

presented and compared in the results section and further results for the 4ng/ml PSA 

cut-off model are presented in Appendix 2.4.  

 

ii. Relative Risk of Mortality from PSA testing 

 As outlined in the final section of Chapter 3, there is considerable variation 

across the literature on the mortality benefit from PSA testing. The basecase model 

employed the RR of mortality from the latest results of the ERSPC adjusted for 

compliance given the longer term follow-up reported, RR: 0.79 (CI: 0.69, 0.91); this 

also represents a ‘best case scenario’ suggesting that a mortality benefit can be 

achieved through early detection. The mortality risk associated with PCa was 

adjusted for the effectiveness of screening in the transitions from T1-T2 i.e. early 

stage PCa and T3-T4 i.e. locally advanced PCa to death as illustrated in Figure 7.4 

(the ‘eff’ adjustment). Although the comparator used in this analysis is not consistent 

with that from the ERSPC trial design i.e. the absence of any screening for PCa, the 

basecase RR of mortality was thought to provide a best case scenario consistent with 

evidence across Europe. Accepting that the results yielded from the other 

international evidence is highly variable; four other RR’s of mortality were 

employed in scenario analyses, outlined in Table 7.3, to highlight the impact on cost-
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effectiveness results. As the RoI has a high degree of opportunistic screening which 

has informed the comparator arm, the results of the scenario analysis, in particular 

the RR of mortality from the PLCO trial may be of more relevance than the ERSPC 

basecase. However, due to lack of patient-level data available in the RoI on 

frequency of PSA testing of asymptomatic men, it is unclear if the level of tests 

performed as part of opportunistic screening mirrors that of the US and thus whether 

the PLCO trial data is a better fit for the model given the status quo comparator arm 

chosen. Therefore, the range of ICER’s reported across the scenarios employed for 

RR of mortality are all noteworthy. Similarly, across the range of RR of mortality 

used here, the range of ICER’s reported remain under the stated cost-effectiveness 

threshold for a once-off screen at age 50 years and for most of RR’s for a once-off 

screen at 55 years.  

Table 7.3: Mortality Risk Scenarios 

RR of PCa 

Mortality (95% CI) 

Source Follow-up 

Time 

Screening 

Interval 

Author 

0.79 (0.69-0.91) ERSPC Trial 13 Years 4 Years Schröder et al, 2014 

1.09 (0.87-1.36) PLCO Trial 13 Years Annual Andriole et al, 2012 

0.56 (0.39-0.82) Göteborg  

(ERSPC branch) 

14 Years 2 Years Hugosson et al, 2010 

0.88 (0.71-1.09) Meta-analysis Varied Single- 4 Years Djulbegovic et al, 

2010 

1.00 (0.86-1.17) Meta-analysis Varied Single- 4 Years Ilic et al, 2013 

* Unadjusted for compliance.  

 

iii. Utility scenarios 

 Utility data was collected as part of a project-specific patient survey and is 

discussed further in the next section. (Drummond et al, 2015) Data collected was 

only categorised by age and time since diagnosis; therefore several scenarios were 

adopted to reflect utility decrements associated with PCa overall, relative to the non-

PCa population as well as decrements associated with metastatic PCa (mPCA) 

relative to non-metastatic PCa.  In all scenarios, decrements were assumed constant 

over time which although is not intuitive given this age cohort, it facilitates a 

conservative understanding of the impact of utility decrements on the cost-
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effectiveness results. For the decrement assigned to the PCa population, the basecase 

model was set to no decrement i.e. those with PCa had the same average utility of 

those without PCa of the same age. Scenarios included a 1%, 1.5%, 2% and 3% 

reduction in average utility for men with PCa relative to men without PCa of the 

same age; these marginal decrements were investigated given the lack of evidence to 

suggest a decrement exists and were chosen based on the percentage differences 

observed in some age categories of the data retrieved from the NCRI patient survey 

for those diagnosed with PCa greater than 6 years compared to those with a 

diagnosis in the last six years. In relation to the decrement associated with patients 

with mPCa relative to patients with non-mPCa, the basecase model assumed a 30% 

decrement, as suggested by the ScHARR model, for mPCa men of the same age as 

those with less advanced PCa. Scenarios included assuming a 50% and 70% 

decrement for mPCa patients relative to non-mPCa patients of the same age which 

were chosen based on the wide range of utilities reported for late-stage PCa across 

the literature. (Berry et al, 2006; Hummel et al, 2013; Krahn et al, 2002; Pataky et al, 

2014)   

 

iv. 5-year survival rates 

 Survival outcomes for PCa in general are encouraging. The analysis 

undertaken in Chapter 5 highlighted that survival trends in the RoI are influenced by 

socio-economic status and whether or not the individual has access to PHI. As 

survival rates are used in estimating the effectiveness of the intervention, the 

basecase model includes 5-year survival for 2003-2007 reported by the NCRI. 

However, it may be the case that survival outcomes are higher in the RoI, than 

elsewhere, based on larger proportions of men with access to PHI more likely to be 

screened, diagnosed and receive speedier access to care (it may be the case that this 

cohort of men were offered a PSA test as part of their PHI policy and were detected 

and treated for low-risk PCa which would not have had a survival impact if left 

untreated). In order to address the disparities evident in current practice, which may 

have inflated survival rates reported in the RoI, survival outcomes are varied using 

estimates from the UK where there is less evidence of disparities in PSA uptake and 
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PCa survival due to limited opportunities or incentives for the asymptomatic 

screening of men.   

 

v. Duration of follow-up and complications 

 The basecase model assumed men were followed-up for 5 years and therefore 

costs of care including complications and side-effects continued for 5 years post-

diagnosis. As this varies across jurisdiction and given the lack of data available in 

the RoI on PCa patient follow-up (the duration for which a patient may receive 

treatment after diagnosis), scenarios for 10, 15 and 20 years of follow-up were 

employed.   

 

vi. Discount Rates 

 Consistent with HTA guidance discount rates in the basecase were set as 5% 

for both costs and benefits.  Scenarios for discounting were as follows: 

 Costs and Benefits were set to 0% 

 Costs and Benefits were set to 3% 

 Costs and Benefits were set to 8% 

 Costs were set to 5% and Benefits set to 0% 

 

7.2.5 Data 

 

7.2.5.1 Model Inputs 

 

All model parameters were subject to validity checks to assess the 

performance of the parameter within the structural framework. This included general 

debugging and individually setting parameters of interest to ‘zero’ to assess the 

overall impact on the results. Although it is also thought valuable to run a model in 

two separate software packages i.e. Excel and TreeAge, for purposes of cross-
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validation, the complexities of the Oxford model did not permit this exercise. In 

relation to the cost-effectiveness model predictions, the results of this model were 

lower in relation to number of lives saved, over-diagnosis rates and mortality rates 

than other CEA’s, due mainly to the comparator used i.e. PCa incidence in the RoI in 

2009 was among the highest across the EU. As PCa incidence from wide-spread, 

unregulated screening was used to compare the implications of a national, screening 

programme with an assumed 100% update, the model predictions were not as stark 

as the results from the Oxford, ScHARR, FHCRC or ERSPC PCa screening models. 

However, model predictions were in line with expectations given the current practice 

comparator 

Histological prevalence of PCa, progression between clinical stages, 

sensitivity of clinical diagnosis (in the absence of screening) relative to histological 

cancer, and the hazard ratios (HRs) associated with diagnosis were estimated using 

the Oxford MPES model. This model simultaneously synthesised data from PCa 

autopsy studies, untreated PCa cohort studies, screening data from a range of trials 

and published CEAs and Irish cancer registry data on clinical incidence of PCa. 

(Hummel et al, 2013; Leal, 2010; Leal et al, 2014; NCRI, 2013) The posterior 

distribution data synthesised for the Irish model was assessed for goodness of fit in 

order to validate the assumptions of the Oxford MPES model held to other 

jurisdictions. This was undertaken using posterior mean residual deviance and the 

deviance information criterion on the evidence synthesis output. Patterns of 

distributions mapped symmetrically across both jurisdictions i.e. expected outcomes 

given known parameters where similar across both the Irish and English models, 

providing further validation of the functionality and adaptability of the Oxford 

MPES framework. 
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Table 7.4: Model inputs
15

 generated from MPES model to inform PCa natural 

history  

Parameter Mean (95% CI) 

 

Transition rate from histological stage T1 to T3, 𝝀𝟏,𝟐  0.03 (0.02, 0.04) 

Transition rate from histological stage T3 to M1, 𝝀𝟐,𝟑 0.05 (0.04, 0.06) 

  

Intercept of logistic histological prevalence regression, 𝜶𝟎 -2.64 (-2.74, -2.59) 

Slope of logistic histological prevalence regression, 𝜶𝟏  0.09 (0.08, 0.10) 

  

Sensitivity of clinical diagnosis* at age 30-34 (%), 

𝒔𝒆𝒏𝒔_𝒄𝟏 

0.002 (0.000, 0.006) 

Sensitivity of clinical diagnosis* at age 35-39 (%), 

 𝒔𝒆𝒏𝒔_𝒄𝟐 

0.004 (0.000, 0.006) 

Sensitivity of clinical diagnosis* at age 40-44 (%), 

 𝒔𝒆𝒏𝒔_𝒄𝟑 

0.018 (0.011, 0.026) 

Sensitivity of clinical diagnosis* at age 45-49 (%), 

 𝒔𝒆𝒏𝒔_𝒄𝟒 

0.037 (0.029, 0.046) 

Sensitivity of clinical diagnosis* at age 50-54 (%), 

 𝒔𝒆𝒏𝒔_𝒄𝟓 

0.065 (0.054, 0.077) 

Sensitivity of clinical diagnosis* at age 55-59 (%), 

 𝒔𝒆𝒏𝒔_𝒄𝟔 

0.099 (0.090, 0.112) 

Sensitivity of clinical diagnosis* at age 60-64 (%), 

 𝒔𝒆𝒏𝒔_𝒄𝟕 

0.104 (0.093, 0.116) 

Sensitivity of clinical diagnosis* at age 65-69 (%), 

 𝒔𝒆𝒏𝒔_𝒄𝟖 

0.105 (0.095, 0.116)  

Sensitivity of clinical diagnosis* at age 70-74 (%), 

 𝒔𝒆𝒏𝒔_𝒄𝟗 

0.074 (0.066, 0.083)  

Sensitivity of clinical diagnosis* at age 75-79 (%), 

 𝒔𝒆𝒏𝒔_𝒄𝟏𝟎 

0.049 (0.042, 0.056) 

Sensitivity of clinical diagnosis* at age 80-84 (%), 

 𝒔𝒆𝒏𝒔_𝒄𝟏𝟏 

0.032 (0.027, 0.037) 

Sensitivity of clinical diagnosis* at age 85+ (%),  𝒔𝒆𝒏𝒔_𝒄𝟏𝟐 0.024 (0.019, 0.029)  

  

Hazard ratio of clinical diagnosis if T1, 𝑯𝑹𝟏 0.60 (0.489, 0.702) 

Hazard ratio of clinical diagnosis if T3, 𝑯𝑹𝟐 0.81 (0.695, 0.922) 

Hazard ratio of clinical diagnosis if M1, 𝑯𝑹𝟑 23.6 (10.21, 66.47) 

 

 

 

                                                           
15

 Table 7.4 presents a range of posterior distribution parameters derived from informative priors 
estimated using the MPES model grounded in a Bayesian framework. 
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Clinical data on PCa diagnosis by age and stage and mortality for 2009 were 

reported in Chapter 6; this data was used as informative priors for the MPES model. 

(see Table 6.4) Resource use parameters were also reported in Chapter 6 for 

diagnostic procedures, diagnostic complications and treatment modalities. (see Table 

6.2). The RR of mortality across the literature was reported both in Chapter 3 and in 

the previous section. (see Table 7.3). Clinical and effectiveness parameters employed 

in the CEA are presented in Table 7.5. Biopsy acceptance rates were assumed the 

same regardless of what PSA cut-off was used and were informed by the ScHARR 

CEA; this seems plausible given the rationale for refusing a biopsy is based on 

patient preferences and not the clinical measure of suspected PCa. (Hummel et al, 

2013)  

Table 7.5: Clinical and effectiveness parameters  

Parameter 

 
Mean (95% CI) Source 

PSA cut-off >3ng/ml  

Sensitivity of screening programme* at age 50-54 (%), 𝒔𝟏  

 

0.64 (0.56, 0.77) 

 

MPES  

Sensitivity of screening programme* at age 55-59 (%), 𝒔𝟐 0.82 (0.75, 0.94) MPES 

Sensitivity of screening programme* at age 60-64 (%), 𝒔𝟑 0.95 (0.90, 0.99)  MPES 

Sensitivity of screening programme* at age 65-69 (%), 𝒔𝟒 0.91 (0.85, 0.99) MPES 

   

PSA cut-off >4ng/ml  

Sensitivity of screening programme* at age 50-54 (%), 𝒔𝟏  

 

0.41 (0.34, 0.49) 

 

MPES  

Sensitivity of screening programme* at age 55-59 (%), 𝒔𝟐 0.56 (0.49, 0.63) MPES 

Sensitivity of screening programme* at age 60-64 (%), 𝒔𝟑 0.70 (0.63, 0.78) MPES 

Sensitivity of screening programme* at age 65-69 (%), 𝒔𝟒 0.69 (0.62, 0.76) MPES 

   

Screened men with PSA>3ng/ml aged 50-54 0.04 (0.04, 0.05) Hummel et al, 

2013/ Leal, 2010 

Screened men with PSA>3ng/ml aged 55-59 0.08 (0.08, 0.09) Hummel et al, 

2013/ Leal, 2010 

Screened men with PSA>3ng/ml aged 60-64 0.14 (0.14, 0.15) Hummel et al, 

2013/ Leal, 2010 

Screened men with PSA>3ng/ml aged 65-69 0.20 (0.19, 0.20) Hummel et al, 

2013/ Leal, 2010 

Biopsy acceptance rate in men aged 50-54 with PSA>3ng/ml 0.89 (0.87, 0.90) Hummel et al, 

2013/ Leal, 2010 

Biopsy acceptance rate in men aged 55-59 with PSA>3ng/ml 0.88 (0.87, 0.89) Hummel et al, 

2013/ Leal, 2010 

Biopsy acceptance rate in men aged 60-64 with PSA>3ng/ml 0.87 (0.86, 0.89) Hummel et al, 

2013/ Leal, 2010 

Biopsy acceptance rate in men aged 65-69 with PSA>3ng/ml 0.85 (0.83, 0.87) Hummel et al, 

2013/ Leal, 2010 

Screened men with PSA>4ng/ml aged 50-54 0.02 (0.02, 0.03) Holmstrom et al 

2009; Leal, 2010; 
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Rashid et al, 2012 

Screened men with PSA>4ng/ml aged 55-59 0.04 (0.03, 0.05) Holmstrom et al 

2009; Leal, 2010; 

Rashid et al, 2012 

Screened men with PSA>4ng/ml aged 60-64 0.08 (0.06, 0.10) Holmstrom et al 

2009; Leal, 2010; 

Rashid et al, 2012 

Screened men with PSA>4ng/ml aged 65-69 0.12 (0.10, 0.14) Holmstrom et al 

2009; Leal, 2010; 

Rashid et al, 2012 

Biopsy acceptance rate in men aged 50-54 with PSA>4ng/ml 0.89 (0.87, 0.90) Hummel et al, 

2013/ Leal, 2010 

Biopsy acceptance rate in men aged 55-59 with PSA>4ng/ml 0.88 (0.87, 0.89) Hummel et al, 

2013/ Leal, 2010 

Biopsy acceptance rate in men aged 60-64 with PSA>4ng/ml 0.87 (0.86, 0.89) Hummel et al, 

2013/ Leal, 2010 

Biopsy acceptance rate in men aged 65-69 with PSA>4ng/ml 0.85 (0.83, 0.87) Hummel et al, 

2013/ Leal, 2010 

   

 

5-year relative survival of non-metastatic cancer at diagnosis 0.99 (0.94, 1.00) NCRI- Ireland 

5-year relative survival of metastatic cancer at diagnosis 0.36 (0.31, 0.40) NCRI- Ireland 

5-year relative survival of non-metastatic cancer at diagnosis 0.89 (0.86, 0.91) NCIN /Cancer 

Research UK 

5-year relative survival of metastatic cancer at diagnosis 0.33 (0.31, 0.36) NCIN/ Cancer 

Research UK 

   

 

For those who had an initial negative biopsy, 33% were assumed to be re-

biopsied. (Yuasa et al, 2008) Further clinical parameters including cancer detected 

following a raised PSA result (either >3ng/ml or >4ng/ml models) categorised by 

clinical stage were informed from a range of published sources. (Hummel et al, 

2013; Leal, 2010; Moore et al, 2009; Pashayan et al, 2010) The number of screened 

men with abnormal PSA >4ng/ml was estimated using a range of sources. 

(Holmström et al 2009; Leal, 2010; Rashid et al, 2012) 

 

7.2.5.2 Costs Parameters 

 

Unit costs for detection, diagnosis and treatments were estimated using Irish 

reference costs, project-specific survey costs and costs reported in the literature. 

Costs were expressed in 2010 Irish Euros using appropriate methods of inflation as 
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outlined by national guidance. (HIQA, 2009)  The methodology for deriving costs 

was outlined in Chapter 6 and a detailed description of each component contributing 

to the unit costs presented can be found in Appendix 2.3. Table 7.6 provides an 

overview of the unit cost parameters and the sensitivity around these estimates 

included in the CEA. 

Table 7.6: Model cost parameters
16

  

Cost Label Cost Parameter Name Average Lower 

estimate 

Upper 

estimate 

c_scr Cost of Screening €56 €43 €68 

c_sc_bio Cost of Biopsy €432 €341 €547 

c_sc_refuser Cost of screen and refusing biopsy €250 €206 €295 

c_sc_bio_pos Cost of a positive biopsy €376 €229 €529 

c_sc_bio_neg Cost of a negative biopsy €340 €241 €467 

c_sc_bio_neg2 Cost of FU to 70 after negative biopsy €111 €86 €137 

c_tr_ww Cost of AM Yr 1 €655 €513 €821 

c_tr_ww3 Cost of AM after Yr 1 €655 €513 €821 

c_tr_RP Cost of Radical Prostatectomy- Yr 1 €7,324 €5,859 €8,788 

c_tr_RP2 Cost of Radical Prostatectomy- Yr 2+3 €505 €354 €620 

c_tr_RP4 Cost of Radical Prostatectomy- Yr 4 €252 €177 €310 

c_tr_RT Cost of Radiation Therapy IMRT- Yr 1 €6,122 €4,897 €7,346 

c_tr_RT2 Cost of Radiation Therapy IMRT- Yr 2+3 €505 €354 €620 

c_tr_RT4 Cost of Radiation Therapy IMRT- Yr 4 €252 €177 €310 

c_tr_orc Cost of Other Surgery (TURP) €5,709 €4,567 €6,851 

c_tr_HT Cost of Hormone Therapy- Yr 1 €4,670 €3,736 €5,604 

c_tr_HT2 Cost of Hormone Therapy- Yr 2 & onwards €4,146 €3,632 €4,626 

c_tr_CHE Costs of Chemotherapy €11,278 €9,022 €13,533 

c_death Cost of terminal care- CT €6,958 €5,567 €8,350 

c_co_RP_short Cost of Short Term complication for RP €213 €144 €578 

c_co_RP Cost of Long Term complication for RP €223 €178 €267 

c_co_RP_long Cost of Short+ Long Term complication for 

RP 

€436 €322 €846 

c_co_RT_short Cost of Short Term complication for RT €95 €63 €126 

c_co_RT_long Cost of Long Term complication for RT €405 €253 €597 

Short & Long 

RT 

Total RT Complications €499 €316 €723 

c_co_HT_short Cost of Short Term complication for HT €445 €373 €504 

                                                           
16

 Normal distributions were assumed for costs sourced in the RoI and a (+/-) 20% variation was 
applied given the lack of reported variation around cost estimates; costs taken from the literature 
were assigned the distribution suggested by the authors. Distributions for risk associated with 
complications and side-effects of treatment were assigned beta distributions when the number at-
risk was specified in the literature.  
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c_co_HT_long Cost of Long Term complication for HT €3,344 €2,202 €4,783 

Short & Long 

HT 

Total HT Complications €3,789 €2,575 €5,287 

 

 

 

7.2.5.3 Utility Parameters 

 

Quality of life measures derived using generic, validated instruments i.e. EQ-

5D or SF36, are readily used in both screening and follow-on care models for PCa as 

well as other cancers; (Calman, 1984; Guyatt et al, 1993) however given the 

structural assumptions of modelling frameworks (i.e. the expectation that men with 

PCa have a reduced quality of life compared to men without PCa), the applicability 

of the measures to assess sensitivity in PCa quality of life outcomes is questionable. 

(Hummel et al, 2013; Pataky et al, 2014) Utility scores were collected using the EQ-

5D-5L generic quality of life instrument from 2,500 PCa survivors (from 1.5 years to 

12 years post-diagnosis); this analysis used a sub-group of respondents and included 

men diagnosed with PCa up and including 6 years post-diagnosis only. The updated 

5 level instrument provides greater sensitivity in response across the five domains of 

mobility, self-care, usual activities, pain/discomfort, and anxiety/depression. 

(Euroqol, 2014) Utility weights for the general population which enable researchers 

to estimate the utility decrement associated with a disease health state relative to an 

individual with similar characteristics i.e. age and gender, in the general population 

have not been collected to date in the RoI. UK population weights are commonly 

used in the absence of Irish-specific values; albeit population weights in the UK 

were collected two decades ago. (Kind et al, 1998) The Health Survey of England 

also collects EQ-5D level data on a representative sample of the English population. 

(Mindell et al, 2012) Utility data was extracted for a cohort of cancer-free English 

males i.e. males who did not have a cancer diagnosis, across the age ranges of 

interest and these were compared to the NCRI patient-reported estimates. Table 7.6 

outlines the utility values collected from the NCRI for men with PCa and the utility 

values for a representative sample of cancer-free males. Utility estimates were not 

treatment-specific and so the mean utility per age for men with PCa was applied to 

all men diagnosed with PCa in the model cohort; the model necessitates age-specific 
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utility values for men diagnosed with PCa and men without PCa. Therefore as the 

utilities reported by men with PCa in the RoI did not significantly differ to that of the 

cancer-free English males across the same age distribution, the utilities used for all 

men (those with and without PCa) in the model were those estimated by the NCRI.   

Table 7.7: Model Utility Parameters   

 NCRI Utilities  

for PCa patients* 

EHS Cancer-free 

cohort** 

Age Categories Number 

of Obs 

Utility 

Scores 

SE Number 

of Obs 

Utility Scores 

50-54 years 65 0.8239 0.025 263 0.87206 

55-59 years 110 0.8607 0.017 260 0.83442 

60-64 years 212 0.8921 0.011 292 0.80021 

65-69 years 207 0.8543 0.011 247 0.82122 

70-74 years 163 0.8728 0.013 179 0.83697 

75-79 years 76 0.7450 0.031 134 0.80766 

80 years and over 29 0.6437 0.049 159 0.67014 

 
* NCRI utility data reported was averaged across men 1.5 years -6 years post-diagnosis. 

** The Health Survey of England data was taken from the 2010 survey and men with any cancer 

diagnosed were removed previous to mean utility estimation. 

 

Regardless of the time since diagnosis, age-specific mean utilities for men 

with PCa were similar to age-specific mean utilities for cancer-free men in the 

Health Survey of England (in some age groups, men with PCa had a higher mean 

utility score). Based on this counter-intuitive finding, the base case model 

incorporates this evidence, i.e. there is no difference in age-specific mean utility 

between PCa and non-PCa cohorts of men and the NCRI data was applied to the full 

cohort of men simulated. Studies across the literature assessing the impact of a PCa 

diagnosis and treatment on health-related quality of life also noted that men with 

PCa seem to not exhibit a utility decrement compared to their counterparts. (Clark et 

al, 2003; Jakobsson et al, 2013; Korfage et al, 2005; Miller et al, 2005)  However, a 

utility reduction for men with metastatic PCa of 30% was applied compared to those 

with non-metastatic PCa in the basecase model, in keeping with the ScHARR model. 

(Hummel et al, 2014) Several utility measurement strategies were undertaken in 
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scenario analysis to reflect the uncertainty around these estimates (as discussed in the 

previous section on scenario analysis).  

 

7.2.6 Analysis 

 

7.2.6.1 Cost-Effectiveness Analysis 

 

 Total costs and health outcomes were estimated for the cohort, semi-Markov 

model outlined in Figure 7.4 which incorporates time spent in each health state 

examined over the lifetime time horizon employed i.e. men were followed until they 

died from PCa or other causes or reached 100 years old. The study design presented 

in section 7.2.3 discussed the cohort structure and cycle length of the CEA and 

model inputs were discussed in section 7.2.5. The discount rate used for both costs 

and benefits is 5% and the maximum WTP threshold is €45,000 as per Irish guidance 

(HIQA, 2014) A CEA including a CUA was undertaken using Microsoft Excel 2010 

software; ICERs using outcome measures of LYS and QALYs were reported using 

the decision analytic framework illustrated in Figure 7.5. The ICER represents the 

change in costs divided by the change in outcomes associated with the intervention 

relative to the comparator.  

  

               (15) 

 

 

The screening strategies employed, outlined in Table 7.2, were grouped by age of 

commencement of the proposed screening programme and the ICERs reported were 

relative to the comparator (current practice in the RoI). Current practice as discussed 

throughout this thesis is not representative of the absence of screening, the 

counterfactual of a population-based screening programme, as the RoI has higher 

than average rates of PSA utilisation reflected by high levels of clinical incidence. 
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(Burns et al, 2012a/2012b; Drummond et al, 2010; Drummond et al 2013) This issue 

is discussed further in the discussion section.  

The screening programme commenced at age 50 and continued until age 69; 

men were followed until PCa mortality or other cause mortality. Multiple screening 

rounds at each age were compared with less frequent rounds for ICER calculation 

i.e. at age 50 the single screen was compared to no screen, the screen every 10 years 

compared to the single screen and the screen every 5 years compared to the screen 

every 10 years. Therefore each of the seven screening strategies were not directly 

compared to ‘no screen’ as the strategies are grouped by age and are mutually 

exclusive and therefore need to be compared incrementally against the next most 

costly comparator. If all strategies are compared individually to the no screening 

arm, results are considered average cost effectiveness ratios (ACER’s) and so do not 

reflect how the different strategies rate relative to each other nor can dominated or 

extended dominated strategies be identified.
17

 Similar methods of CEA for the 

introduction of cancer screening programmes were used in previous studies in the 

RoI. (Sharp et al, 2012) The cohort model structure also facilitated the estimation of 

over-diagnosis and mortality reduction associated with the different screening 

strategies. 

 

7.2.6.2 Probabilistic Sensitivity Analysis 

 

 Probabilistic sensitivity analysis was employed to address the joint 

contribution of parameter uncertainty on decision uncertainty and therefore provide 

more robust estimates of expected cost and effects. (Briggs et al, 2006; Gray et al, 

2011) The Oxford MPES model estimated distributions for the unobserved natural 

history and screening effectiveness parameters and the choice of the distributions for 

the cost and resource use parameters was made based on data available as previously 

discussed and standard guidelines. (Briggs et al, 2006; Gray et al, 2011; HIQA, 

                                                           
17

Strong dominance exists when an option is both more costly and less effective than an alternative. 
Extended dominance exists when an option is less effective and more costly than a linear 
combination of two other strategies with which it is mutually exclusive. (Gray et al, 2011) 
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2014; Leal, 2010) Treatment rates, utility values and survival rates followed a beta 

distribution and the mortality risk associated with screening parameters followed a 

log-normal distribution. The probabilistic sensitivity analysis was based on 2000 

iterations. All modelling scenarios including the basecase underwent probabilistic 

sensitivity analysis i.e. all ICERs reported are probabilistic; as the model is non-

linear in structure, deterministic results cannot be adequately interpreted as they are 

not capturing the extent of the relationship between parameters and the uncertainty in 

estimates. In all, twenty sets of probabilistic results i.e. the basecase and nineteen 

scenario models, were reported; each scenario incorporated only one change from 

the basecase and a summary tables of changes made to each scenario is presented in 

Appendix 2.4. Cost-effectiveness acceptability curves (CEACs) were constructed for 

each age cohort that screening commenced i.e. 50, 55, 60 and 65 years, using the 

results from the probabilistic sensitivity analysis. A cost-effectiveness efficiency 

frontier was also presented highlighting the results from the two PSA cut-off 

scenarios i.e. 3ng/ml as the basecase and 4ng/ml as the alternative. 

 

7.2.6.3 Analysis of Covariance 

 

Analysis of covariance (ANCOVA) was undertaken to assess the level of 

variance in the incremental costs and effects attributable to parameter uncertainty. 

(Leal, 2010) ANCOVA methods were employed using Stata 13 software to 

determine the proportion of variance in the incremental costs and QALYs explained 

by the uncertainty in the model input parameters; thus highlighting the input 

parameters driving overall uncertainty. ANCOVA was undertaken for the basecase 

model only.  

 

7.2.6.4 Expected Value of Perfect Information  

 

The Expected Value of Perfect Information (EVPI) is a method facilitating 

the assessment of the cost associated with the absence of full information i.e. the 

presence of parameter uncertainty. (Briggs et al, 2006) This is a useful methodology 
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as it aids decision makers in understanding the extent, in monetary terms, of 

uncertainty around the results signalling the value of perfect information; EVPI can 

also be referred to as the cost of making the wrong decision and is therefore valuable 

to decision makers. The EVPI in this analysis is calculated using the difference in the 

estimated net monetary benefit (NMB) for each of the 2,000 iterations in the 

probabilistic sensitivity analysis and the overall average NMB. For each iteration if 

the individual NMB > NMBµ (where µ is the average), the EVPI is > 0. 

Net Monetary Benefit (NMB) = E - C      (16) 

where  is the WTP threshold, E is the incremental effect, and C is the 

incremental cost. Population EVPI was then estimated based on the population of 

men at aged 50 i.e. screening commences at age 50. Population EVPI is reported for 

each of the screening age cohorts i.e. 50, 55, 60, and 65 years. Population EVPI was 

reported for the basecase only. 

 

7.3 Results 

 

Probabilistic results for the basecase cost-effectiveness model and the 

alternative PSA cut-off (>4ng/ml) i.e. scenario 1, are outlined in Table 7.8.  Results 

for both outcomes i.e. LYs and QALYs, are reported. The basecase model represents 

an optimistic model of screening as this includes the ERSPC RR of mortality from 

screening (RR: 0.79), no utility decrement between those with and without a 

diagnosis of PCa, a conservative 30% reduction in utility for men with mPCa 

compared to those with non-metastatic disease and a minimum follow-up period of 5 

years. In comparison with the PSA cut-off adopted by the ERSPC (>3ng/ml), the 

higher alternative cut-off (>4ng/ml) is dominated (less cost-effective) in every age-

specific, screening round. This is expected given that the higher cut-off level detects 

less cases of PCa in screening rounds, thus reducing life years saved in a greater 

proportion than reducing costs. 
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Table 7.8: Model basecase results 

Basecase Model w/ PSA cut-off (>3ng/ml) 

 
Screening 

Scenario 

Costs Effect A 

(LY) 

Effect B 

(QALY) 

∆ 

Cost 

∆ Eff A ∆ Eff B ICER (LY) ICER 

(QALY) 

At 50 years 

No screen €1,006 15.380 12.890 

     Once off 

screen €1,180 15.388 12.896 €174 0.0077 0.0060 €22,648 €29,000 

Screen every 

10 years €1,423 15.393 12.8996 €243 0.0048 0.0041 €50,281 €59,268 

Screen every 5 

years €1,752 15.396 12.9020 €329 0.0030 0.0024 €110,752 €137,083 

At 55 years 

No screen €1,203 14.180 11.963 

     Once off 

screen €1,484 14.189 11.972 €281 0.0095 0.0090 €29,571 €31,222 

Screen every 

10 years €1,833 14.194 11.975 €349 0.0043 0.0030 €80,405 €116,333 

At 60 years 

No screen €1,342 12.798 10.700 

     Once off 

screen €1,810 12.810 10.710 €468 0.0120 0.0100 €39,161 €46,800 

At 65 years 

No screen €1,370 11.259 9.078 

     Once off 

screen €2,122 11.271 9.087 €752 0.0112 0.0090 €67,058 €83,556 

 

Alternative Model w/ PSA cut-off (>4ng/ml) 
Screening Scenario Costs Effect 

A(LY) 

Effect B 

(QALY) 

∆ 

Cost 

∆ Eff A ∆ Eff B ICER 

(LY) 

ICER 

(QALY) 

50 years 

No screen €1,054 15.383 12.891 

     Screen  -one off €1,182 15.386 12.894 €129 0.0029 0.0029 €43,886  € 43,632  

Screen every 10 

years €1,372 15.388 12.897 €190 0.0025 0.0024 €75,996  € 79,420  

Screen every 5 years €1,672 15.391 12.898 €300 0.0022 0.0015 €134,430  € 199,761  

55 years 

No screen €1,258 14.182 11.968 

     Screen  -one off €1,471 14.187 11.973 €213 0.0046 0.0046 €46,249 €46,035 

Screen every 10 

years €1,766 14.189 11.975 €295 0.0020 0.0022 €149,895 €136,493 

60 years 

No screen €1,408 12.799 10.703 

     Screen  -one off €1,758 12.805 10.708 €349 0.0054 0.0055 €64,484 €63,676 

65 years 

No screen €1,430 11.261 9.081 

     Screen  -one off €1,999 11.265 9.086 €569 0.0039 0.0043 €145,462 €130,821 
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In addition to the basecase model and the alternative PSA cut-off (>4ng/ml) 

model, eighteen scenario analyses were undertaken. Table 7.9 highlights the ICERs 

for these scenarios based on cost per QALY gained. As per the results in Table 7.8, 

ICERs are grouped by age at which the screening rounds commenced; thus ICERs 

for increasing screening rounds at age 50 or age 55 are relative to the previous less 

frequent round. Details of how scenarios deviated from the basecase are outlined in 

Appendix 2.4. For each screening scenario the percentage of scenarios that were 

under the WTP adopted i.e. €45,000, was reported; this highlights the uncertainty in 

cost-effectiveness across the range of scenarios for individual screening strategies. 

The single screen at age 50 years was cost-effective at the upper threshold for 13 of 

the 18 scenarios presented. It was also cost-effective for the basecase and alternative 

PSA cut-off model presented in Table 7.8. However, multiple screening rounds at 

age 50 and 55, were for the most part not cost-effective. Negative ICERs although 

dominated, were reported for purposes of comparison. All negative ICERs were 

positioned on the North-West quadrant of the cost-effectiveness plane i.e. negative 

ICERs reported were as a result of a reduction in QALYs associated with screening 

relative to no screening.  

 

Table 7.9: Model scenario analysis results 

Screening Strategies 

 Age 50 Age 55 Age 60 Age 65 

Scenarios Once Off Every 10 

years 

Every 5 

years 

Once Off Every 10 

years 

Once Off Once Off 

A 
€37,245 €95,996 €327,605 €45,572 €196,762 €68,352 €135,777 

B 
€24,623 €47,192 €91,241 €28,017 €78,591 €38,527 €64,508 

C 
€31,228 €69,588 €168,365 €36,891 €127,051 €53,141 €96,700 

D 
€33,999 €80,797 €222,690 €40,827 €153,961 €59,866 €112,564 

E 
€40,905 €88,621 €178,180 €49,444 €155,301 €71,101 €126,658 

F 
€51,553 €113,137 €221,320 €63,255 €196,352 €91,155 €161,390 

G 
€58,860 €127,064 €240,438 €72,400 €213,704 €102,896 €176,515 

H 
€25,989 €51,965 €111,347 €29,826 €87,287 €41,167 €69,504 

I 
€23,350 €44,903 €94,228 €26,478 €72,941 €35,840 €58,571 

J 
€32,892 €94,874 €330,171 €42,645 €244,642 €64,344 €161,468 
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K 
€34,742 €126,265 €910,806 €48,163 €575,604 €75,966 €275,857 

L 
€37,406 €197,348 -€993,346 €56,403 -€1,229,001 €95,069 €1,191,714 

M 
€61,876 -€182,934 -€125,230 €194,451 -€105,098 -€2,688,543 -€111,468 

N 
-€21,435 -€21,453 -€25,372 -€20,795 -€25,291 -€22,019 -€23,882 

O 
€5,914 €18,063 €46,946 €8,116 €38,718 €14,307 €32,600 

P 
€17,436 €40,932 €95,792 €21,355 €76,855 €32,200 €61,700 

Q 
€55,009 €104,197 €218,783 €60,681 €172,308 €80,570 €130,650 

R 
€9,955 €15,146 €32,594 €12,960 €28,290 €20,007 €38,089 

%< λ* 
72% 22% 5.5% 50% 11% 33% 11% 

* λ represents the upper bound ceiling ratio in the RoI of €45,000. 

The cost-effectiveness model also estimated the impact of the screening rounds on 

over-diagnosis and the RR of mortality. This is reported in Table 7.10 for the 

basecase model and for the alternative model with the increased PSA cut-off of 

4ng/ml. Over-diagnosis rates were calculated comparing the number of individuals 

detected by screening compared to those clinically diagnosed in the current practice 

arm of the model; therefore it is not surprising that in the 1
st
 year of the once-off 

screen at age 50 those screen-detected represent 2232% more (approximately 1,100 

more men were detected through screening) than those clinically detected. Over the 

period of 20 years this reduces to 6% over-diagnosis rates (approximately 300 more 

men were detected through screening) and over the lifetime this reduces to 2% 

(approximately 200 more men were detected through screening). The RR of 

mortality is also estimated based on the ratio of number of deaths in the screening 

arm to those diagnosed compared to the number of deaths in the control arm to those 

diagnosed. The RR of mortality over the lifetime associated with a once-off screen at 

age 50 relative to no screen was 0.87 suggesting, screening results in a mortality 

benefit. 

Over-diagnosis rates were calculated by comparing the number of individuals 

detected by screening with those clinically diagnosed in the current practice arm of 

the model; therefore it is not surprising that in the 1
st
 year of the once-off screen at 

age 50 those screen-detected represent 2232% more (approximately 1,100 more men 

were detected through screening) than those clinically detected. 
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Table 7.10: Impact of screening on diagnosis and mortality 

Basecase Model Over-diagnosis (O.D.) and relative Risk of Mortality (RR Mort)* 

 

50 yrs Once-off Every 10 years Every 5 years 

 O.D. RR Mort O.D. RR Mort O.D. RR Mort 

1 year 2232% 0.10 2232% 0.10 2232% 0.10 

5 years 170% 0.27 170% 0.27 435% 0.14 

10 years 41% 0.43 241% 0.19 248% 0.15 

15 years 13% 0.57 79% 0.29 167% 0.15 

20 years 6% 0.67 34% 0.35 71% 0.20 

Lifetime 2% 0.87 10% 0.63 22% 0.45 

55 yrs Once-off Every 10 years  

 O.D. RR Mort O.D. RR Mort 

1 year 1748% 0.11 1748% 0.11 

5 years 84% 0.26 128% 0.26 

10 years 35% 0.38 178% 0.20 

15 years 14% 0.50 71% 0.28 

20 years 8% 0.61 40% 0.31 

Lifetime 4% 0.79 21% 0.50 

     

Alternative Model (PSA >4ng/ml) Over-diagnosis (O.D.) and relative Risk of Mortality 

(RR Mort) 

 

50 yrs Once-off Every 10 years Every 5 years 

 O.D. RR Mort O.D. RR Mort O.D. RR Mort 

1 year 1326% 0.16 1326% 0.16 1326% 0.16 

5 years 109% 0.47 109% 0.47 320% 0.26 

10 years 26% 0.67 171% 0.34 189% 0.31 

15 years 9% 0.78 59% 0.54 131% 0.35 

20 years 4% 0.84 25% 0.63 56% 0.48 

Lifetime 1% 0.94 8% 0.80 17% 0.67 

55 yrs Once-off Every 10 years  

 O.D. RR Mort O.D. RR Mort 

1 year 1232% 0.20 1232% 0.20 

5 years 34% 0.51 90% 0.51 

10 years 26% 0.65 128% 0.38 

15 years 10% 0.74 51% 0.55 

20 years 6% 0.80 28% 0.62 

Lifetime 3% 0.89 15% 0.73 

     

* RR of Mortality is the risk of PCa mortality for those undergoing screening relative to 

those who did not undergo screening. 
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Over the period of 20 years this reduces to 6% over-diagnosis rates (approximately 

300 more men were detected through screening) and over the lifetime this reduces to 

2% (approximately 200 more men were detected through screening). The low rates 

of over-diagnosis yielded are a result of using a comparator arm representative of 

‘current practice’ i.e. the over-diagnosis estimated in this analysis is the extra over-

diagnosis associated with a nationally organised screening programme in a 

jurisdiction where widespread, opportunistic screening exists resulting in one of the 

highest PCa incidence rates across Europe. Thus if a once-off screening programme 

were introduced, the initial impact would be a 2% increase in diagnosis over the 

lifetime horizon. 

Figures 7.6-7.8 illustrate the CEACs for the different screening strategies 

grouped by age. The CEACs highlight the probability of cost-effectives at the 

various WTP thresholds and EVPI for the scenarios in each age range is also 

included. For the once-off screening scenarios at age 50 (Figure 7.6), the probability 

of cost-effectiveness was 89% (on the CEAC this is however split between the once-

off screen (67%), the screen every 10 years (22%) and the screen every five years 

(0%), as all screening strategies are cumulatively compared to no screen which is 

11% cost-effective at the €45,000 threshold). Therefore all scenarios presented on 

the CEACs (apart from the EVPI which has a separate axis) must sum to 1 at any 

level of WTP; if the CEACs only presented one screening scenario then the 

probability of this being cost-effective is 1-probability of cost-effectiveness for the 

no screen base case. At a €60,000 threshold, screening scenarios were 95% cost-

effective at age 50 relative to no screen. The EVPI for screening scenarios at age 50 

equated to €12 at the €45,000 threshold. In the screening scenarios at age 55 (Figure 

7.7), the probability of cost-effectiveness was 82% which represented the single 

screening; the screening scenario of every 10 years at age 55 was not cost-effective 

at €45,000 and was still only 4% cost-effective at the threshold of €60,000. EVPI 

increased to €17 at the threshold of €45,000 in the screening scenarios at age 55 

years. A once-off screen at age 60 was 51% cost-effective at €45,000 and the 

associated EVPI was €50. 
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Figure 7.9 illustrates the cost-effectiveness efficiency frontier reporting both 

the basecase and the alternative model with the increased PSA cut-off of 4ng/ml 

which are positioned on the cost-effectiveness plane. The efficiency frontier 

highlights in particular that using the lower PSA cut-off model is more cost-effective 

(i.e. more effective) at all screening strategies. Therefore all scenarios using the 

higher PSA cut-off (>4ng/ml) have been dominated by the baseline PSA cut-off 

(>3ng/ml). 

 

Figure 7.6: Cost- effectiveness acceptability curves for screening scenarios at age 

50 years. 
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Figure 7.7: Cost- effectiveness acceptability curves for screening scenarios at age 

55 years. 

 

Figure 7.8: Cost- effectiveness acceptability curves for screening scenarios at age 

60 years. 
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Figure 7.9: Cost-effectiveness efficiency frontier for screening at age 50 

 

 

The ANCOVA, in Figure 7.10, highlights the main drivers of uncertainty in costs 

and outcomes i.e. QALYS, for the basecase model. Variation in survival for non-

metastatic PCa is the strongest driver of uncertainty followed by sensitivity of 

screening for incremental QALYs. In relation to incremental costs, the cost of the 

screen, the sensitivity of clinical diagnosis and long term complications of HT are 

the strongest drivers of uncertainty. Figure 7.11 and 7.12 present the population 

EVPI for screening scenarios at age 50 and age 55. At the WTP threshold of 

€45,000, population EVPI for a once-off screen at age 50 ranged from approximately 

€800,000 over 20 years and €1.4m over a shorted period of 5 years; for a once-off 

screen at age 55, this range increased from €1.8m to €4.8m, respectively. This 

suggests that considerable uncertainty still exists in the model parameters and the 

monetisation of this uncertainty equates to approximately €1m relative to the 

proposed once-off screen programme at age 50 and just under €5m for the proposed 

once-off screening programme at age 55. Therefore, rather than potentially adopt a 

population-based screening programme in error, the EVPI highlights the amount that 

could be invested in further research aimed at reducing the parameters uncertainty.  
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Figure 7.10: Analysis of covariance  

 

 

Figure 7.11: EVPI for the population for screening scenarios at age 50 years 
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Figure 7.12: EVPI for the population for screening scenarios at age 55 years 

 

 

7.4 Discussion 

 

The results of the CEA for the base case scenario (PSA cut-off >3ng/ml) 

suggested that at the upper bound threshold of €45,000 a once-off screen at 50 years 

and 55 years was cost-effective i.e. ICERs using QALYs gained as the outcome 

measure were approximately €29,000 and €31,222, respectively. When focusing on 

LYs gained, all ICERs reported were more cost-effective (due to a larger overall 

incremental effect) than ICERs reported with QALYs and once-off screening at age 

50, age 55 and age 60 was cost-effective, assuming the same WTP threshold is in 

operation when LYs is the outcome measure adopted. In the alternative model with a 

higher PSA cut-off (>4ng/ml), all scenarios reported higher (less cost-effective) 

ICERs than the basecase model. This is expected as the higher PSA cut-off does not 

detect as many potential early stage PCa and so there are higher proportions being 

detected at later, more-costly clinical stages. Within the RoI, the higher PSA 

threshold is believed to be more commonly adopted by GPs when assessing 

abnormal PSA levels; therefore, the results from the alternative model may be of 
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more relevance and suggest that the only cost-effective screening scenario is a once-

off PSA test at age 50. This is cost-effective across both outcome measures 

examined i.e. the ICERs when adopting LYs and QALYs gained were €43,886 and 

€43,632, respectively. The higher PSA cut-off also yields a marginal increase in 

incremental effect for the QALYs gained compared to the LYs gained across the 

screening scenarios. With less early stage PCa being detected with the higher PSA 

cut-off, those that are screen detected may have a higher clinical need, thus receiving 

a higher benefit from being diagnosed through screening which is evidenced in 

proportional increase in QALYs gained. In both basecase and alternative PSA cut-off 

models, once-off screening at age 60 and 65 years, as well as multiple screening 

rounds at age 50 and 55 years were not cost-effective. Therefore, adding any further 

screening rounds i.e. more frequent than 5 years for age 50 or 10 years for age 55, 

would have also not been cost-effective.  

Several scenario analyses were also employed adopting one-way sensitivity 

analysis; the range of scenarios remained cost effective or not cost effective 

depending on the age and frequency to which the screen applied at the upper WTP 

threshold of €45,000. This was by no means a fully exhaustive list of scenarios as 

only one parameter was changed for each compared with the basecase i.e. one-way 

probabilistic sensitivity analysis. However, the results highlight drivers of variation 

in the ICERs compared with the basecase. Overall, 72% of the scenarios highlighted 

cost-effective ICERs for a once-off screen at age 50; only 50% of the scenarios 

highlighted cost-effectiveness ICERs for a once-off screen at age 55. Even when 

adopting the RR of mortality from the Cochrane meta-analysis of ‘1’ i.e. an 

individual is no more or less likely to die from PCa with or without screening, the 

ICER for a once-off screen at age 50 and 55 is still cost-effective (€33,999 and 

€40,827, respectively) as cancer is still being detected in earlier, less-costlier stages 

through the screening scenarios; therefore, a RR of 1 is picking up a stage-shifting 

effect from screening which provides positive incremental effect due to survival 

rates being much higher for early stage PCa than advanced PCa. The duration of 

follow-on and complication costs have significant impacts on whether or not the 

screening strategies are cost-effective. In the basecase, it was assumed that follow-on 

and complication costs accrued for 5 years; in the cost of illness study in Chapter 6 it 
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was assumed 4 years. However, some groups of men diagnosed with PCa receive 

hormone treatment either in isolation or as a combination therapy and may be on this 

indefinitely depending on their prognosis. Therefore, it is possible that some men 

will be on one form of treatment on a longer-term basis. This data was not available 

for men with PCa in the RoI, however even assuming a10 year duration increases the 

ICER to €40,950 for a once-off screen at age 50. This highlights the necessity for 

longer-term follow-up of those diagnosed with PCa in the RoI in order to understand 

how costs of care are distributed over the lifetime of a PCa diagnosis. 

There was also considerable variability around the scenarios employed for 

utility parameters. As discussed, the utility scores used in the CEA were averaged by 

five year age group for men receiving a diagnosis 1.5-6 years previous. The scores 

were not stratified by stage at diagnosis and so scenarios were adopted to adjust for 

men with mPCa. In the basecase a 30% utility decrement for men with mPCa 

compared to non-mPCa was adopted and could be argued conservative given the 

variation reported in the literature. (Berry et al, 2006; Hummel et al, 2013; Krahn et 

al, 2002; Pataky et al, 2014) Two alternative scenarios were adopted: a 50% and 

70% utility decrement for mPCa; the scenarios highlighted cost-effectiveness, 

€25,350 and €23,350, respectively. The higher the decrement applied for the cohort 

of men with mPCa, the more cost-effective the results. This seems logical as the 

screening scenarios pick up PCa at earlier-stages and the higher the reduction in 

utility for late-stage PCa, then the more cost-effective screening becomes. The other 

utility scenarios applied overall decrements to the PCa population compared to the 

cancer-free population. This is based on the assumption that a man with PCa 

compared to a man without PCa of the same age should in theory experience a 

reduced level of QoL; however the literature is divided on this assumption and it 

may be the case that generic QoL measures i.e. EQ-5D, may not adequately depict 

QoL in men with PCa. In the basecase model, it was assumed that there was no 

difference in utility for men with and without PCa. In the scenario analyses four 

alternatives were adopted: constant utility reduction of 1%, 1.5%, 2% and 3% for 

men with PCa relative to the cancer-free cohort. The results highlighted ICERs 

increased across the scenarios i.e. less cost-effective than the basecase; as there is a 

negative impact (utility decrement) on screening relative to no screening in these 
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scenarios, the incremental effect is reduced. At a 2% utility decrement, multiple 

screening rounds exhibited negative ICERs highlighting a reduction in QALYs for 

more frequent screening rounds compared to once-off screening. This is similar to 

the findings of the ScHARR and the FHCRC results. Although, once-off screening at 

age 50 was still considered cost-effective in this analysis with a 1%, 1.5% and 2%, 

assumed utility decrement, these decrements could be considered conservative and 

caution is needed in interpretation given the manner in which utility decrements were 

embedded into the model. The set of scenarios highlight that assumptions around 

utilities yield high variability in cost-effectiveness and so models using utility values 

reported in the literature may not be capturing the extent of the variability that may 

be present within a jurisdiction. Although incorporating utilities from an Irish cohort 

of PCa patients, the analysis needed to employ several assumptions due to 

limitations of the data used. Again, this signals the necessity for a longer-term, 

prospective, study on men with PCa in the RoI in order to reduce the uncertainty 

associated with the assumptions made.  

A scenario was adopted in order to understand the impact of inequality within 

the healthcare delivery model in the RoI, as evidenced in Chapters 4 and 5. Given 

the lack of patient level data for a longer follow-up period, it wasn’t possible to 

segregate groups in the cohort, semi-Markov model structure by socio-economic 

status. However, the inequality in PSA testing uptake and overall mortality 

evidenced, highlighted a significant role accorded access to private care i.e. the 

possession of PHI. Therefore, it is plausible to assume that the inequality in access 

and outcome is in part due to the healthcare delivery model in operation in the RoI. 

Additionally, if more men with access to private care are being asymptomatically 

screened and go on to be diagnosed with early stage PCa, this has the potential to 

inflate 5 years survival rates for non-mPCa. In order to attempt to address this in the 

CEA, 5 year survival rates from the UK were incorporated as a scenario. These 

survival rates are lower across the different stages of PCa compared to the Irish 

survival rates; yet, they represent a jurisdiction where the impact of PHI is minimal. 

The results for this scenario analysis were probably the most interesting as a slight 

reduction in 5 year survival for PCa revealed negative ICERs for all screening 

scenarios i.e. all models highlighted a reduction in QALYs gained from screening 
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relative to no screening. This is consistent with findings from the ScHARR and 

FRCRC models. The implication of this finding suggests that the nature of the 

healthcare delivery system plays an important role in economic evaluation in general 

and warrants further attention. Pertaining to this analysis, this finding highlights that 

PCa survival rates in the RoI need to be adjusted for the presence of a mixed model 

of care which fosters inequality in access and outcome to screening. The difference 

and impact however, may not be as stark for other cancers with a shorter lead time. 

The last set of scenarios assessed included varying the discount rate. The 

discount rate in the RoI increased to 5% in January 2014 and previous to that was 

4%. (HIQA, 2014) Scenarios adopted included a 0%, 3% and 8% discount rate for 

both costs and benefits and the fourth scenario included a 5% discount rate for costs 

and a 0% discount rate for benefits. The last scenario addresses the current economic 

argument on whether discounting benefits is appropriate. The scenarios with lower 

discount rates highlighted lower ICERs than the basecase and multiple screening 

rounds were deemed cost-effective. In the scenario where a 0% discount rate was 

applied to benefits and 5% to costs, all scenarios were cost-effective i.e. screening at 

any interval had a positive effect and maintained an ICER below the €45,000 

threshold.  

The CEA also estimated the impact of the screening rounds on over-

diagnosis rates and the RR of mortality from screening relative to no screening for 

the 100,000 men simulated; this was estimated across different durations including 

the impact after 1, 5, 10, 15, and 20 years and was reported for the basecase and the 

alternative higher PSA cut-off models. (Table 7.10) Rates of over-diagnosis reduced 

over the duration of follow-up with rates from once-off screening at age 50 at 2232% 

and 1326% after 1 year dropping to 6% and 4% at 20 years for the basecase and 

alternative models, respectively. It has been suggested in Chapter 3 that men over 

the age of 70 years receive no benefit from asymptomatic screening. Based on this, 

the over-diagnosis rates at 20 years follow-up from screening scenarios at age 50 and 

15 years follow up for screening scenarios at age 55 are the most informative. 

Although, the basecase and 50% of scenario models suggest a once-off screen at age 

55 is cost-effective, this results in an approximate over-diagnosis rate of 14% across 

the duration where men are deemed to benefit from screening (10% for the higher 
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PSA cut-off model). This means that 14% of men diagnosed with PCa from 

screening will potentially be unnecessarily treated for PCa and experience long-term 

side-effects from treatment when they may have never presented with symptomatic 

PCa throughout their lifetime. However, the model also suggests that at 15 years 

follow-up, the RR of mortality from a once-off screen at age 55 for the basecase 

model is 0.61 (0.74 for the higher PSA cut-off model) i.e. a 39% (26%) reduction in 

mortality compared to those who are not screened.  In the once-off screen at age 50, 

the RR of mortality after 20 years is 0.67 and 0.84 for the basecase and alternative 

PSA cut-off models, respectively. The lifetime impact of a once-off screen at age 50 

on over-diagnosis is 2% and 1% and on RR of mortality is 0.87 and 0.94, for the 

basecase and alternative PSA cut-off models, respectively; this is considerably lower 

than rates reported in the ERSPC and the Oxford CEA. (Leal, 2010; Schröder et al, 

2014) Over-diagnosis in this analysis is estimated using PCa cases the model detects 

through screening relative to clinical diagnosis. The model used 2009 NCRI clinical 

diagnosis rates to simulate the comparator arm; therefore, clinical diagnosis in the 

RoI is inflated as high levels of opportunistic PSA testing is part of current practice. 

This suggests that over-diagnosis rates reported in this analysis are highly 

conservative and should be interpreted with caution based on the constraints 

associated with the choice of comparator. 

The analysis of covariance was performed on the basecase model for a once-

off screen at age 50 as this was the most cost-effective screening scenario outlined in 

the CEA. The ANCOVA highlighted the drivers of uncertainty across the outcomes 

in the model. Survival rates associated with non-mPCa was the largest driver of 

uncertainty in relation to incremental effects and this was evidenced in the scenario 

analysis which incorporated lower survival rates from the UK into the model. 

Sensitivity of screening, which was derived from the MPES framework, was also a 

driver of uncertainty, albeit its contribution was minimal. The drivers of uncertainty 

with respect to incremental costs were the cost of a screen, the sensitivity of clinical 

diagnosis (derived from the MPES framework), long-term complications associated 

with HT and the costs of treatments and terminal care. Although the MPES 

framework produces model inputs using a Bayesian approach with the aim or 

reducing uncertainty around these estimates, these parameters still introduce a degree 
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of uncertainty into the model based on the assumptions around their construction. 

However, in the basecase model, the two main drivers of uncertainty were 

parameters sourced locally (PCa survival rates and costs of screening) which are 

nationally representative and therefore are not a product of the modelling 

assumptions employed.  

Finally, the model also estimated the population EVPI and this was reported 

for the basecase model for screening scenarios at age 50 and 55. Given the range of 

the WTP threshold currently adopted in the RoI, the population EVPI ranges from 

approximately €1m-€5m across the duration of follow-up for all the screening 

scenarios. This suggests to policy makers, that before introducing a population-

based, once-off screening programme at age 50 or at age 55, it may be prudent to 

investigate the drivers of uncertainty which monetised, equates to a possible €5m. A 

prospective, single-centre study in the RoI following men from detection to follow-

on care, similar to the structure of the UK ProtecT trials, would reduce considerable 

uncertainty in the model presented and provide more robust parameters for assessing 

cost-effectiveness of screening for PCa.  

The range of results presented from the extension of the Oxford model used 

in the analysis, were validated via comparison with the models audited in Chapter 3. 

Based on the high variability across the analytical design of the Oxford, ScHARR 

and FHRCR models reviewed, this analysis attempted to include extensive 

sensitivity and scenario analysis to address these differences and therefore assess 

validity. As discussed in Chapter 3 and above (see comment 2), the Oxford model 

reported ICER’s using LYS, the ScHARR model did not report ICER results but 

stated QALYs were dominated in every screening scenario and the FHCRC model 

reported ICERs using LYS and QALYs. In focusing on LYS as an outcome measure, 

the results presented and the range of scenario analysis (and variation around these) 

for RR of mortality, discounting and duration of follow-on costs all are comparable 

with the findings of the Oxford and FHCRC models i.e. depending on the WTP 

threshold in place PSA-based screening scenarios for the detection of PCa may be 

cost-effective even when there is no statistically significant RR of mortality 

associated with screening. Further validation of the results presented in this analysis 

can be witnessed in relation to the extent to which the ICERs reported increase (i.e. 
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become less cost-effective) when screening rounds become more frequent e.g. the 

Oxford model and this analysis both find screening every 5 years compared to less 

frequent rounds not cost-effective given the WTP threshold in operation in the UK 

and RoI, respectively.  Although the ScHARR model did not report ICERs from the 

range of scenarios assessed, the overall findings were consistent with the FHCRC 

model i.e. when using QALYs as an outcome measure, more frequent screening 

rounds become dominated compared to no screening. This is due to the negative 

impact on quality of life of PCa over-diagnosis and overtreatment. Both models used 

the literature to inform utility decrement for estimation of QALYs assuming that a 

sizable decrement existed for those with a PCa diagnosis compared to those without. 

When an increased utility decrement was included in the scenario analysis, the 

findings presented in this chapter mirror that of the ScHARR and FHCRC models; 

however, the patient-level data gathered from this analysis suggests the utility 

decrement associated with a PCa diagnosis, at least within an Irish population of 

men, is not sizable nor statistically different from that of a non-PCa cohort of similar 

age. Nonetheless, if this analysis were to have adopted a similar method for 

including utility data into the modelling structure the findings would be comparable, 

therefore further validating the model structure. In summary, the face validity of 

results was assessed by comparing results with those produced by other models 

reviewed, specifically in terms of the estimated cost-effectiveness and how this 

varied as assumptions in the model varied such as the frequency of screening rounds, 

the age groups screen and the threshold applied for cost effectiveness. In validating a 

decision analytic model structure, a set of explicit criteria is not specified within 

current best practice guidelines; albeit the concept of validation and the various 

approaches that can be taken tailored to the aim and applications of the model is 

considered vital. (Eddy et al, 2012) The Oxford model was constructed for the 

purposes of being a multi-application screening framework that can be adapted to 

different disease types and was initially applied to medium-chain acyl-CoA 

dehydrogenase deficiency (MCADD) screening in newborns and prostate cancer 

screening in at-risk men. (Leal, 2010; Leal et al, 2014) Face and internal validity of 

the model structure and functioning was assessed via expert opinion in the area of 

modelling methodology and clinical research. The extension of the Oxford model 

presented in this thesis was validated assessing both face and internal validity; this 
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analysis also facilitated further cross-validation of the original Oxford model 

structure and findings. In the RoI, until data is collected prospectively on at-risk 

men, previous to a PCa diagnosis, either as part of an observational study, clinical 

trial or electronically recorded through the use of unique patient identifiers, it will 

not be possible to further validate the findings from the Irish extension to the Oxford 

model using the other validation techniques, namely cross-validation, external 

validation and predictive validation. Ideally, demonstrating all methods of validation 

were performed would strengthen the conclusions of the decision analytic structure; 

however this is not always possible. Therefore, although only two of the five 

recognised modelling validation techniques were employed, this was due to 

limitations of available evidence within the Irish context. The Oxford model itself 

has yet to undergo eternal and predictive validation which will incorporate 

comparisons based on the findings of the UK ProtecT trial.  

A recent update published by the ERSPC which included a micro-simulation 

model that undertook a cost-effectiveness analysis of several screening rounds for 

sub-groups of the at-risk population yielded similar overall findings as reported in 

this chapter when comparing like with like i.e. screening at earlier ages is more cost-

effective than screening older men. (Heijnsdijk et al, 2014) The ERSPC CEA used a 

different approach to screening rounds and focused these rounds on narrower age 

ranges of the at-risk population; this was due to lack of available data on screening 

men outside the age ranges used in the ERSPC trial. Given that the modelling 

structure in the analysis presented in this chapter simulates a cohort of men 

commencing screening at age 50 until age 69, the results are not directly comparable. 

The PCa clinical incidence data was extracted from the Dutch cancer registry which 

although higher than the EU average in 2012, still ranked 14
th

 across Europe and was 

cited by the author’s as a limitation. Similarly, the methodology used for capturing 

utility decrements associated with different stages of the PCa care pathway (and the 

origin of this data) is not fully clear from the ERSPC publication. However, it is 

assumed this data was informed by the trial results. The series of results presented in 

the ERSPC differ to those presented in this analysis and in the three CEAs reviewed 

in Chapter 3; more frequent screening strategies and the use of utility decrements did 

not yield dominated ICERs. Therefore, the results presented in ERSPC highlight a 
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departure from our understanding of the interaction between utility decrement and 

screening rounds in relation to cost-effectiveness. In order to understand this 

discrepancy the extension of the Oxford model used in the analysis presented will 

need to undergo further structural extensions to assess whether or not the results 

highlighted in the ERSPC model can be validated using an MPES model structure. 

In comparing the over-diagnosis rates reported in the ERSPC CEA with the results 

presented in this chapter, it is also necessary to adjust the structural assumptions of 

the MPES model. It is also noteworthy to add that the ERSPC comparator arm of ‘no 

screen’ was for the most part controlled and does not reflect ‘current practice’ i.e. 

opportunistic PSA testing. This differs from comparator presented in this analysis 

and the three CEA models reviewed in Chapter 3. Therefore the over-diagnosis rates 

reported in the ERSPC CEA represents a world where a PSA-based screening 

programme is compared to the absence of all PSA testing.” 

 

7.5 Study Limitations 

 

Although this cost-effectiveness model attempted to extend the Oxford model 

by incorporating strengths from the ScHARR and FHCRC models, there were also 

several limitations. Firstly, the data used to calibrate the Oxford model to the Irish 

setting was for the most part of high quality and was nationally representative data. 

However, some elements needed to fully depict current practice were not available. 

In relation to costs of PCa detection, diagnosis and treatment in the RoI, very little 

has been published for various elements of care costs; cost data not obtainable for the 

Irish setting was sourced from UK reference costs and the literature (as discussed in 

Chapter 6). As patients in the RoI do not have unique patient identifiers, very little 

evidence exists on PCa-related clinical outcomes in the RoI apart from mortality and 

treatment/ recurrence data collected by the NCRI; resource use and components of 

longer term treatment i.e. complications and side effects, were not available and 

were also sourced from the literature. The utility data although sourced directly from 

a large cohort of men with PCa in the RoI, was retrieved retrospectively and so 

utility reported was not associated with the impact of treatment for PCa, it instead 
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reflected the impact of having PCa after a period of time (for this analysis mean 

utility was calculated in men with a PCa diagnosis between 1.5-6 years previous). As 

evidenced in the scenario analysis, assumptions around utilities highly influence 

cost-effectiveness results and so more robust utility data reflecting the impact of 

diagnosis and treatment is necessary to reduce the impact of parameter uncertainty.  

In the absence of an ongoing trials or prospective studies of PSA-based 

screening for PCa in the RoI, the MPES model used available information on clinical 

incidence and mortality within the RoI, as well as international trial data results on 

the impact of screening to synthesis effectiveness of screening parameters. The 

MPES method provides a more robust methodology for modelling disease 

progression in the absence of observable data and facilitates less uncertain results 

than more traditional methods. The superiority of the MPES method is due to its 

ability to synthesise partially observed data providing prior expectations which can 

be then be used to generate joint posterior distributions of unobservable parameters; 

more traditional methods use multiple scenario analysis which ignore the possibility 

of correlations among unknown parameters and thus increases the uncertainty in the 

results. However, the MPES method has its own limitations, the range of 

assumptions being one. Additionally, this is the first analysis to adopt the Oxford 

MPES framework and therefore validate the models functionality to another 

jurisdiction. Further adaptations of the Oxford MPES model will provide further 

clarity on the adaptability of the framework as well as the necessity for the range of 

model assumptions.  

The choice of comparator within the modelling framework has followed 

national guidance suggesting comparators in HTA need to represent current practice. 

Although the choice of comparator cannot be argued a limitation as it was the most 

pragmatic choice, current practice itself within the Irish setting is a limitation when 

assessing the impact of a population-based PSA testing programme. As clinical 

incidence rates in 2009 represent current practice (as these were the most up to date 

rates available by age and clinical stage at the time of this analysis), this provided the 

foundation for which current practice was embedded into the model. However, more 

generally, in a screening model results are interpreted relative to the absence of 
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screening. In the CUA presented in this chapter, the ICERs should be interpreted as 

the extra cost per QALY gained of adopting a population-based, screening 

programme on top of the degree of opportunistic screening consistent with current 

practice. This is not an obvious interpretation and therefore can be suggested as a 

limitation, however a necessary one. Additionally, should a population-based 

screening programme be introduced on a once-off basis to men at age 50 and 

regulation was in place to counteract all incentives for opportunistic screening, then 

the results presented in this analysis would not reflect the cost per QALY gains 

associated with such a programme as the counterfactual would have changed.  

The basecase model assumed a PSA cut-off >3ng/ml for all ages. This is 

consistent with the guidance by the EUA and the cut-off level adopted in the 

ERSPC; however, in the Irish case different PSA cut-offs are used and age-specific 

levels may also be adopted. Due to a lack of available data on what PSA levels men 

are being referred to centres of excellence with, a high degree of uncertainty exists in 

what is an abnormal PSA result in the RoI in practice. According to NCCP guidance, 

a normal PSA level for men aged 50-59 is <3.5ng/ml, aged 60-69 is <4.5ng/ml and 

70-79 is <6.5ng/ml; it is plausible to assume that this guidance is being adhered to by 

GP’s in the RoI. In order to model the different age-specific PSA cut-off’s data is 

necessary on the number of cases being diagnosed as a result of the different cut-

off’s in use and this data does not exist in the RoI and is limited in the UK. The 

alternative model using the PSA cut-off >4ng/ml was modelled using detection rates 

at this cut-off from the literature informed by the ProtecT study. The change in 

ICERs across the two models suggested the higher PSA cut-off resulted in lower 

cost-effectiveness; however a once-off screen at age 50 (the age in which it is more 

likely that the higher threshold is being used in the RoI) is still considered cost-

effective (ICER: €43,632) but this is highly dependent upon the assumed WTP 

threshold of €45,000 being adopted by policy makers. The fact that explicit ranges 

for WTP thresholds are not available for non-pharmacologic interventions in the RoI 

and so the €45,000 commonly used was adopted is another limitation within the 

analysis.  
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Finally, this analysis reported the CEA and CUA of a range of screening 

scenarios for PSA testing for the secondary prevention of PCa using current practice 

as a comparator. The cost of current practice was estimated in Chapter 6; however 

the costs associated with introducing a population-based screening programme were 

not examined in this analysis. Providing policy makers with a budget impact model 

of the world with and the world without an organised screening programme, may 

shed further light on both the cost and consequences of current practice. This was not 

undertaken with this analysis due to limitations of available data and time 

constraints. However, this analysis is planned and discussed in the next chapter. 

 

7.6 Conclusion   

 

This analysis contributes to the evidence on costs and benefits of PSA testing 

internationally. The range of data collected, necessary to populate the cost-

effectiveness model, has added to the breadth of knowledge both in the RoI and 

internationally on aspects of incidence and treatment trends, costs and QoL impacts 

which currently are limited worldwide. Depending on the threshold and the 

budgetary impact, introducing a population-based, once-off screening programme at 

age 50 in the RoI could be deemed cost-effective. However, considerable uncertainty 

regarding the modelling assumptions (e.g. limitations associated with the 

comparator, variation in the RR of mortality internationally and quality of available 

data) suggests caution is needed in interpretation, particularly in devising a policy 

response. In addition, population EVPI estimates varied between €1m-€5m 

depending on the WTP threshold signalling that parameter uncertainty needs to be 

addressed previous to the implementation of a population PSA-based programme. 

Current efforts for improving on the sensitivity and specificity of PSA testing are 

ongoing; should a more accurate method for detecting PCa emerge it will 

undoubtedly improve on cost-effectiveness results reported while reducing concerns 

regarding the impacts of over-diagnosis. Similarly, as cited in the Melbourne 

Consensus report, should policy makers introduce a clear patient pathway which 

separates the natural progression of over-diagnosis to overtreatment, then the main 

concerns with using PSA testing may be alleviated. Therefore, the evidence 
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presented in this analysis, similar to that of the CEA’s reviewed in Chapter 3, 

suggests further research is warranted in this area previous to the adoption of a PCa 

screening programme. Policy implications of this analysis will be discussed in the 

next chapter.  
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Chapter 8: Policy Implications- A Summary 

 

8.1 Introduction  

 

The research presented in this thesis was funded by the Health Research 

Board with the aim of understanding the economic impact of PSA testing current 

practices and the cost-effectiveness of a population-based screening programme 

using PSA testing in the RoI. The necessity for undertaking this research question 

has arisen based on the increased incidence of PCa in the RoI which is associated 

with a 12-fold increase in opportunistic, asymptomatic PSA testing from 1994 to 

2012. (NCRI, 2014)  If the PSA test is an inaccurate measure of predicting high-risk 

PCa, and few refute this claim, why is it currently being so readily utilised? The 

simple answer being it detects potential PCa more times than it does not and there is 

no other detection measure. It is also the case that the population in general don’t 

truly understand the implications of having an abnormal PSA result in relation to 

what happens next. If PSA testing is saving lives through detection, which can be 

seen from the results in Chapter 7, and long term marginal mortality benefits are 

finally being realised in the ERSPC and the Göteborg trials, then why has universal 

screening using PSA testing not been adopted in any country to date? Essentially, 

there is a paucity of evidence and absence of an international consensus that 

detecting early stage PCa yields any mortality benefit; a more relevant argument is 

that PSA testing results in high levels of over-diagnosis leading to overtreatment 

which has implications for resource use and clinical and QoL outcomes. This theme 

was discussed throughout the thesis and assessed using a range of analytical 

techniques. Nevertheless, in the RoI, approximately 3,000 men are diagnosed with 

PCa annually; approximately 200 of these men are diagnosed with late stage PCa 

with poor survival outcomes i.e. approximately 36% 5-year survival. The burden of 

cost associated with PCa annually in the RoI was estimated at €45.1m, a sizable 

proportion of the annual healthcare budget. Furthermore, a pro-rich inequality in 

uptake of PSA testing suggests that those from higher socio-economic groups are 

utilising more PSA testing than their counterparts and this inequality appears to 

persist throughout the care pathway resulting in disparity in survival across men with 
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PCa in the RoI. Therefore, decision makers need to address a range of issues 

evidenced, detailed throughout this thesis, with appropriate policy responses. 

Chapter 7’s results are the most informative from a policy and public health 

perspective and provide a platform from where changes can be made to current 

practice. The next section outlines the key findings from the four empirical chapters 

presented in this thesis. Following on from that, policy implications are reviewed. 

The penultimate section discusses plans for future work previous to the concluding 

remarks. 

 

8.2 Summary of Key Findings 

 

PSA detection practices for PCa in the RoI, appear to be both inefficient and 

inequitable based on the evidence presented throughout this thesis. Market failures 

may give rise to over use of PSA testing that in turn give rise to over-diagnosis and 

overtreatment Disparities in access to PSA testing, may have led not only to a 

misallocation of resources but also suboptimal health outcomes (over-diagnosis and 

overtreatment). In the healthcare delivery of PCa in the RoI, a clear socio-economic 

gradient in access and outcomes was evidenced both in Chapters 4 and 5.  Men from 

lower socio-economic groups are less likely to get tested for PCa and once diagnosed 

are less likely to live as long as those from higher socio-economic groups; the effect 

is compounded by whether or not individual are being treated in public or private 

settings. Therefore, although assessing the cost-effectiveness of PSA-based 

screening for the secondary prevention of PCa in the RoI highlighted the probability 

of effectiveness at various monetary thresholds, further consideration of the range of 

consequences of current market failures evidenced from this research and potential 

policy responses are outlined in this chapter. Table 8.1 outlines the main findings 

presented in Chapters 3-7.  

 

 

 



 

221 
 

Table 8.1 Summary of Findings 

Chapter Key Points 

 
 

3 

 

International evidence on the RR of mortality for PSA testing as a screening 

mechanism for PCa highlights conflicting findings. The ERSPC report a significant 

mortality benefit (RR= 0.79) from screening while the PLCO report no significant 

mortality benefit (RR=1.09). A Cochrane meta-analysis reports a RR of mortality of 

1. Whether or not PSA testing has a significant mortality benefits is unclear, though 

all reviews highlight over-diagnosis and overtreatment as key contributors to the 

overall finding that PSA testing results in more harms than benefits and should not 

be introduced as part of a population-based screening programme.  

 

In countries where high levels of PSA testing are inherent in current practice, it is 

recommended that the benefits and consequences of PSA testing be fully discussed 

with men prior to administering a PSA test in primary care. Additionally, men over 

the age of 70 years are not expected to benefit from asymptomatic PSA testing due 

to average life expectancy and the histological progression of PCa. 

 

Previous CEA’s of PSA testing undertaken in the UK and Canada highlight further 

research is needed before the introduction of a screening programme employing 

PSA testing. When using QALYs gained as an outcome measure all scenarios were 

dominated i.e. screening results in increased costs and reduced QALYs compared to 

no screening. 

 

 

4 

 

Uptake of PSA testing varied considerably across socio-economic groups and those 

with PHI; those from higher socio-economic groups and who hold PHI have an 

increased likelihood of screening compared to their counterparts in the RoI. Across 

Europe, a socio-economic gradient in uptake of PSA testing is also evident.  

 

The healthcare delivery model in place also impacts on uptake of PSA testing and 

who initiates the PSA test i.e. whether an individual requests it or whether the GP 

suggests it. Countries where GP’s have a gatekeeping role to secondary and tertiary 

care have a significantly reduced likelihood of uptake of PSA testing compared to 

countries where there is no GP gatekeeping role.   

 

In the RoI, there is significantly more GP suggested screening across all age cohorts, 

including those aged 70 years and over, compared to the base country of Germany. 

Therefore, both clinical and non-need factors have considerable influence on uptake 

of PSA testing in the RoI.  

 

 

5 

 

 

 

 

The socio-economic gradient evidenced in uptake of PSA testing persists along the 

PCa patient pathway to mortality. Socio-economic status and access to private care 

may interact to influence survival outcomes in the RoI. Therefore all-cause mortality 

risk for men with a diagnosis of PCa differs across a range of non-need factors 

partially due to the healthcare delivery model in place.  
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6 

 

 

 

 

The burden of cost associated with PCa in the RoI was €45.1m in 2010. This was 

estimated assuming 4 years of follow-up post-diagnosis. PCa expenditure in the RoI 

are among the highest across Europe, yet due to considerable practice variation it is 

difficult to compare costs of care across countries. With demographic shifts and men 

living longer with PCa, costs of care are expected to steadily increase and so 

represent a resource allocation issue. 

 

 

7 

 

A once-off screening programme at age 50 could be considered cost-effective 

depending on the WTP threshold adopted by decision makers. Multiple screening 

strategies are not cost-effective. Cost-effectiveness is highly sensitive to non-mPCa 

survival rates and scenarios involving a utility decrement for men with PCa 

compared to men without PCa. Due to the choice of comparator for the CEA, over-

diagnosis rates reported are conservative and caution is needed in interpretation. The 

population EVPI associated with a once-off screening scenario at age 50 ranges 

from €1m-5m depending on follow-up and the WTP threshold in place. 

 

 

8.3 Policy Implications  

 

 The summary of the findings presented in Table 8.1 outlines what each 

chapter added to the evidence base on PCa current practice in the RoI. PSA testing is 

not considered an effective mechanism of detecting PCa; however the introduction 

of a PSA-based screening programme may be considered cost-effective, yielding a 

mortality benefit depending on the comparator in place. Across all the findings it is 

clear that current practice in the RoI is inefficient due to high levels of asymptomatic 

PSA testing, in particular in men 70 years of age and over. This signals potential 

market failures in delivery of care which may be driven by asymmetry of 

information. There is evidence to suggest PSA testing may have a mortality benefit 

among some age groups (based on the ERSPC findings). In those groups that 

differential PSA testing uptake is evident suggests inequality; in particular, those 

from lower socio-economic groups, those without access to private care and those 

who are not married are less likely to undertake a PSA test than their counterparts. 

For the majority of men lower uptake of asymptomatic PSA testing is a benefit as 

there are more harms associated with the impacts of PSA testing than there are 

benefits; however the issue is more that inequality exists and the identification and 

the drivers of inequality are necessary for the construction of a policy response. 

Additionally, the inequality in uptake is also persisting across the PCa patient 
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pathway and potentially impacting on survival outcomes. In relation to whether or 

not PSA testing is cost-effective, a once-off test at age 50 is cost-effective at the 

current threshold adopted in the RoI, €45,000. Over-diagnosis concerns associated 

with population-based screening for PCa should also be considered; however, 

current practice results in high levels of over-diagnosis therefore diminishing the 

marginal impact from a population-based screening programme.  

 

Effectiveness of PSA testing for detecting PCa  

Internationally, research is being undertaken to improve detection methods 

for PCa as the PSA test and versions of it have issues with sensitivity and specificity. 

Given the high usage of PSA testing as well as the scientific resources available in 

the RoI, further funding should be allocated for R&D in this area. A project funded 

by the Irish Cancer Society in 2011 is currently investigating better methods for 

integrating biomarkers for the purposes of stratifying across patients with significant 

and insignificant PCa. Once findings are released, further funding may be needed to 

implement these findings and this should take priority.  

 

Inefficiency in PSA testing practices   

PSA testing practices in the RoI need to be reviewed from a regulatory 

standpoint. International guidance highlights that asymptomatic screening is not 

beneficial outside the age range of 50-69; albeit it is also arguable whether or not a 

benefit exists within this range. Trends in PSA uptake in the RoI need to be more 

tightly monitored and potential asymmetry of information examined. Firstly, 

information campaigns highlighting the findings of international trial results need to 

be more readily accessible to patients. The implications of a positive PSA test needs 

to be discussed with men and their loved ones previous to undergoing the test. In 

particular, men over the age of 70 years need to be presented with the full extent of 

consequences associated with a PSA test in the absence of urological symptoms; 

whether this is currently happening is unclear.  
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Secondly, incentives could assist in changing current practices including supplier-

induced demand. The construction of a PSA test registry where GPs are incentivised 

to record all PSA testing performed in primary care would leave less room for 

unwarranted PSA testing; in the absence of unique patient identifiers other national 

ID numbers i.e. PPSN identifiers, could be used to track patients. In addition, GPs 

could also be mandated to get consent forms from patients outlining that the full 

range of consequences have been relayed to them by their GP previous to 

undergoing a PSA test. Thirdly, an updated set of guidance from the NCCP 

including the point in the patient pathway where a PSA test is warranted for men 

exhibiting urological symptoms is needed. The last set of guidance was published in 

2009 and updated in 2011. Evidence suggests that a PSA test is one of a collection of 

investigative measures performed simultaneously when investigating urological 

abnormalities; this should be replaced with a step-wise approach. 

 

Inequality in access and outcome of care 

The issue of inequality in PSA uptake and PCa outcomes are related to 

overall access to care in the RoI. The mixed public/private model of healthcare 

delivery fosters inequality; however this is not something that is unknown to policy 

makers. Approximately 30% of the population of the RoI do not have access to free 

or subsidised primary care i.e. they do not hold PHI and are not entitled to free care 

under the GMS system. This proportion of the population is mainly from the lower 

socio-economic groups i.e. the working class population; policy responses are being 

currently discussed to attenuate the implications of this trend including the 

introduction of mandatory Universal health insurance similar to the Dutch model. 

However, in the interim, approximately 200 men each year are being diagnosed with 

mPCa which has poor survival outcomes and high resource use implications. From 

the research presented, it is understood that men are more likely to present with 

problematic PCa symptomatically between the ages of 50 and 70 years; therefore, 

targeting men in this age cohort who do not have access to free or subsided 

healthcare in relation to overall health check-ups, may reduce the extent of potential 

future healthcare resource use including capturing symptomatic PCa and Lung 
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Cancer previous to the presentation of metastatic disease. The introduction of a free 

annual men’s health check-up for those without access to healthcare has not been 

assessed in this analysis and the cost-effectiveness of such a programme is unknown; 

however, in relation to the identification of inequality in uptake of screening and 

survival outcomes for PCa, this policy proposal at the very least affords all men 

within the at-risk age cohort access to care which has the potential to improve health 

outcomes overall, thus reducing the socio-economic gradient evidenced. This 

proposal will need further evidence however to support the impact on health 

outcomes. 

 

Cost-effectiveness of PSA testing 

The evidence from the CEA highlights that a once-off screen at age 50 is 

cost-effective at the WTP threshold of €45,000. The population EVPI was estimated 

between €1-€5m, suggesting further research needs to be undertaken previous to the 

adoption of a population-based screening programme. The burden of cost associated 

with PCa was estimated at €45.1m adopting a public payer perspective; however the 

budget impact of the adoption of a screening programme for PCa detection is 

unknown. It may be the case that current PSA testing practices in the RoI result in 

more frequent PSA testing and follow-on diagnostic procedures than the impact of 

an organised screening programme; therefore, the adoption of a screening 

programme in the RoI may be cost-saving. The current practice comparator arm was 

simulated using clinical incidence data for patients diagnosed with PCa in 2009; 

therefore the costs of current practice may have been underestimated as costs 

associated with the high levels of screening and follow-on biopsies for the 

proportion of the population who are not diagnosed have not been recorded in the 

data. If the costs of current practice were underestimated, then the incremental costs 

of screening scenarios are over stated. Additionally, even when the RR of mortality 

was set to 1, as per the Ilic et al (2013) meta-analysis, screening remained cost-

effective as there was a stage-shifting effect i.e. PCa was being detected earlier and 

so men may not have received any mortality benefit from screening but they 

received less costly treatment, synonymous with earlier stage PCa and less harmful 
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treatment complications and longer term side effects. Given the unique case that 

current practice in the RoI presents (with regard to PSA testing usage and PCa 

incidence), and the potential for healthier outcomes from early detection which has 

been evidenced as cost-effective, this research recommends the introduction of a 

once-off screening programme for men age 50 years as part of a pilot study in order 

to ascertain further information on current practice, resources needed for the 

operation of a national screening programme and patients’ and their families 

perceptions on PSA testing and PCa. Finally, utility data and the assumptions built 

around these caused considerable uncertainty in the CEA results and so further data 

collection is this area is necessary. 

 

Over-diagnosis and overtreatment concerns 

International trial findings highlight concerns about high levels of over-

diagnosis and overtreatment in PCa due to early detection. The ERSPC which 

highlights a significant RR of mortality reduction (0.79), also warns about the 

implications of over-diagnosis and overtreatment. In the RoI, widespread PSA test 

usage already results in high levels of over-diagnosis and overtreatment evidenced 

by high incidence rates compared with European counterparts. The introduction of a 

screening programme on top of current practice would increase over-diagnosis rates 

marginally as highlighted in the CEA/CUA results (2%-6% over-diagnosis rates 

from a once-off screen at 50 years). However, the introduction of a screening 

programme which eliminates all other PSA testing practices, i.e. there is no incentive 

for either the patient or the physician to undertake asymptomatic screening, could 

potentially reduce current levels of over-diagnosis and overtreatment compared with 

the frequency exhibited currently in the RoI. Focusing on overtreatment in particular, 

treatment trends in the RoI as highlighted in Chapter 6 need to be monitored more 

closely and the role accorded asymmetry of information needs further investigation. 

A diagnosis of localised, low-risk PCa usually does not cause any health-related 

impediment and therefore is not likely to need radical or aggressive treatment 

strategies; instead surveillance and monitoring strategies are recommended by the 

EUA guidance and have limited health risks and resource use implications. As 
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discussed extensively in Chapter 6, only 20% of those diagnosed on average are 

treated with surveillance and monitoring strategies even though approximately two-

thirds are diagnosed with earlier stage PCa. It is not known the proportion of men in 

the earlier stages that are high risk or low risk and so current treatment practices may 

or may not be justified. This again highlights the need to understand current practice 

more robustly and ensure that international guidance is being translated into practice 

in the RoI. 

 

8.4 Future Work 

 

The analyses presented in this thesis, while providing much needed evidence 

to assist decision makers in constructing appropriate policy responses, still leave 

unanswered questions. As outlined in the introductory chapter, several pieces of 

analysis presented have been published to date. The results presented in Chapter 7 

will inform several empirical papers each focusing on various elements of the CEA 

and CUA undertaken for the Irish setting. A budget impact analysis will be 

undertaken to assess the financial impact of the introduction of a once-off, PSA-

based screening programme in the RoI for men aged 50 years. An analysis assessing 

the adaptability of the Oxford model to other jurisdictions is also in the development 

stages.  

The choice of comparator used in Chapter 7 was ‘current practice’ which was 

incorporated by using NCRI data on those clinically diagnosed in 2009; this 

suggested that in 2009 the distribution of diagnosis across stage was in the absence 

of a population-based screening programme, albeit not in the absence of PSA testing. 

It would be worthwhile to calibrate the CEA model with different years of clinical 

diagnosis, ceteris paribus, to ascertain how variation in the distribution of clinically 

diagnosed cases impact on the cost-effectiveness of a proposed PSA-based screening 

programme; this would include calibrating the model with NCRI diagnosis data pre-

widespread PSA usage i.e. 1998, as well more up to date diagnosis data i.e. 2012. As 

the ERSPC and the PLCO will continue to publish outcomes for longer follow-up 

periods this may impact on the cost-effectiveness results presented; in addition, the 
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patient pathway is constantly evolving with PSA testing being supplemented with 

further diagnostic investigation providing greater accuracy in distinguishing between 

high and low risk PCa. The impact of these changes on cost-effectiveness is unclear; 

further extensions to the model, in particular by adding further detail to the patient 

pathway, would add greater clarity to how shifts in the current practice of PCa care 

impact cost-effectiveness of PCa detection. 

Results from the ongoing UK ProtecT trial will be released over the next few 

years and will furnish researchers with much needed evidence that will improve our 

understanding of the PCa patient pathway and probabilities of disease progression. 

Unlike the ERSPC and PLCO, the ProtecT study follows patients after diagnosis as 

the aim of the trial is to assess which treatments for PCa are the most efficacious. 

Several of the unknown parameters needed to populate the CEA were synthesised 

using the MPES framework; as evidence is released from ProtecT and other studies 

similar in design, these synthesised parameters can be updated with real world data, 

thus reducing the uncertainty in the estimates reported.  

Another issue this study has identified is the potential confusion about the 

about the various outcomes of screening. This is unsurprising given ambiguity in the 

available evidence and evolving understanding as follow-up periods extend. Clearly 

an issue though is how best to inform men about the relative risks and benefits of 

PCa testing. This is an area that warrants further study mindful of the issues around 

conveying information around risks and changes in risks 

Finally, a substantial amount of data was collected as part of this project and 

survey instruments can be reviewed in Appendix 3. In particular, the survey sent out 

to GP’s in the RoI which included three types of incentives has only been assessed 

with regard to the variation in responses across the three groups (abstract can be 

reviewed in Appendix 4) and in the estimation of the unit cost of a GP visit. 

Understanding geographical variation in unit costs of a GP visit with and without a 

PSA test, controlling for GP practice characteristics including whether or not the GP 

responded to the survey incentive, may aid in explaining the geographical variation 

in PSA testing and incidence observed across the RoI. The survey also asks what 

proportion of men are usually PSA tested across a range of risk factors; 
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understanding variation in this response with respect to individual GP characteristics 

may assist in highlighting supply-side drivers of PSA testing practices. Finally the 

duration of time spent with patients in a general consultation, a consultation 

including a PSA test and a consultation including a DRE is assessed in the survey. 

Therefore, this data can inform an analysis to test the hypothesis on whether men are 

being adequately informed prior to a PSA test or DRE exam. In general, GP practice 

variation in the RoI is under-researched and the series of analyses suggested will 

give further insight to how uniform the delivery of healthcare at the primary care 

level is in the RoI. 

In the same respect, the PCa patient survey has robust patient level data 

which has huge potential for a wide range of analysis. The survey which included a 

robust out-of-pocket and travel costs section will assist in the estimation of indirect 

expenditure associated with PCa in the RoI. Respondents who gave permission for 

data to be linked to hospital level data can be assessed on comorbid conditions 

previous to and during treatment of PCa; in particular those who presented with PCa 

at more advanced stages can be assessed with respect to inpatient care in the 

preceding five years in order to potentially identify trends in comorbid conditions 

that may increase risk factors previously unidentified within the clinical literature.  

 

8.5 Conclusion 

 

This thesis has presented a range of analyses providing a greater degree of 

understanding of PCa, from detection to follow-on care, in the RoI. Elements of 

current practice which may be inefficient and inequitable have been identified and 

potential policy responses outlined which may aid in tackling these issues. The RoI 

presents a unique case in relation to PSA usage and resulting incidence and so 

should not be influenced by findings from other jurisdictions; however given the 

lack of available evidence within the RoI neighbouring jurisdictions can assist in 

informing evidence gaps but caution is warranted in interpretation. The overall 

finding across all analyses presented is that current practice with respect to PCa 

detection and follow-on care in the RoI is not sustainable due to wide variation in 
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practices, lack of adherence to international guidance and the evidence of a socio-

economic gradient limiting outcomes for some groups of men relative to others. 

Current practice also represents a substantial cost to the public payer; therefore, the  

introduction of regulatory and public health awareness policies for both consumers 

and producers of PSA testing may alleviate some variation evidenced in current 

practice trends while also supplying further information for researchers on how 

consumers and producers respond to such policies. Although the evidence presented 

throughout this thesis provides further clarity on PCa detection trends in the RoI, it is 

also clear that further research in this area and longer term monitoring of at-risk men 

and PCa patients is necessary to assess the impacts of early detection of PCa. 

The evidence from the CEA highlights that a once-off screen at age 50 may 

be cost-effective at the WTP threshold of €45,000; the ICERs reported at both PSA 

cut-off’s and for 72% (13/18) of the scenarios modelled were under this stated 

threshold. The population EVPI was estimated between €1-€5m, suggesting further 

research needs to be undertaken prior to the adoption of a population-based 

screening programme; therefore although the majority of ICERs reported meet the 

threshold criteria, the EVPI is still considerable and so adopting a screening 

programme without allocating further investment into this research area may be ill-

advised. The burden of cost associated with PCa was estimated at €45.1m adopting a 

public payer perspective; however the budget impact of the adoption of a screening 

programme for PCa detection is unknown. Budget impact, as well as cost-

effectiveness, is used when considering the adoption for reimbursement of a new 

technology. This thesis has not explored this issue which further cautions against 

firm conclusions regarding the wisdom of introducing a population based 

programme. It may be the case that current PSA testing practices in the RoI result in 

more frequent PSA testing and follow-on diagnostic procedures than the impact of 

an organised screening programme; the adoption of a once-off screening programme 

in this context may be cost-saving. Further evidence is needed to substantiate this 

hypothesis. 
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Appendices 

 

Appendix 1:  Glossary of terms 

 

Adverse Selection: This is a phenomenon observed frequently in the market for health 

insurance. For example, individuals who expect high health care costs differentially prefer more 

generous and expensive insurance plans; those who expect low costs choose more moderate 

plans. (Cutler et al, 1997) 

Asymmetric Information: A situation in which one party in a transaction has more or superior 

information compared to another. This often happens in transactions where the seller knows 

more than the buyer, although the reverse can happen as well. Potentially, this could be a harmful 

situation because one party can take advantage of the other party's lack of knowledge. 

(http://www.investopedia.com/terms/a/asymmetricinformation.asp) 

Base case analysis: the results of the economic evaluation estimating how much it would cost to 

achieve additional health outcomes with the proposed technology compared with the main 

comparator, presented as an incremental cost-effectiveness ratio, and incorporating the costs 

associated with altered uses of drugs, medical and other related healthcare resources and all 

outcomes valued in terms of overall quality and length of life. (HIQA, 2014) 

Budget impact analysis (BIA) or financial analysis: a procedure for comparing only the 

financial costs and cost offsets of competing options, rather than comparing their clinical and 

economic costs and benefits. (HIQA, 2014) 

Comorbidity: the coexistence of a disease, or more than one disease, in a person in addition to 

the disease being studied or treated. (HIQA, 2014) 

Concentration Index: The concentration index which is directly related to the concentration 

curve, quantifies the degree of socioeconomic-related inequality in a health variable. (O’Donnell 

et al, 2008) 

Confidence interval: the computed interval with a specified probability (by convention, 95%) 

that the true value of a variable such as mean, proportion, or rate is contained within the interval. 

(HIQA, 2014) 

Cost-benefit analysis (CBA): an economic evaluation that compares the proposed technology 

with its main comparator(s) in which both costs and benefits are measured in monetary terms to 

compute a net monetary gain/loss or benefit gain/loss. (HIQA, 2014) 
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Cost-effective (value for money): a proposed technology is considered cost-effective for a 

specified main indication if the incremental benefits of the proposed technology versus its main 

comparator(s) justify its incremental costs and harms. (HIQA, 2014) 

Cost-effectiveness acceptability curves (CEAC): a graph plotting a range of possible cost-

effectiveness thresholds on the horizontal axis against the probability that the intervention will be 

cost-effective on the vertical access. CEAC provide a visual representation of the uncertainty 

surrounding cost-effectiveness estimates. (HIQA, 2014) 

Cost-effectiveness analysis (CEA): an economic evaluation that compares, for example, a 

proposed technology with its main comparator(s) having common clinical outcome(s) in which 

costs are measured in monetary terms and outcomes are measured in natural units, e.g. reduced 

mortality or morbidity. (HIQA, 2014) 

Cost-effectiveness plane: a graph plotting difference in effect (between the technology of 

interest and the comparator) on the horizontal axis against the difference in costs on the vertical 

access, providing a visual representation of cost-effectiveness. (HIQA, 2014) 

Cost-utility analysis (CUA): an economic evaluation that compares the proposed technology 

with its main comparator(s) in which costs are measured in monetary terms and outcomes are 

measured in terms of extension of life and the utility value of that extension, e.g. using quality-

adjusted life years (QALYs). (HIQA, 2014) 

Decision analysis: a technique that formally identifies the options in a decision making process, 

quantifies the probable outcomes (and costs) of each, determines the option that best meets the 

objectives of the decision maker and assesses the robustness of this conclusion. (HIQA, 2014) 

Deterministic sensitivity analysis (DSA): a method of decision analysis that uses both one-way 

(variation of one variable at a time) and multi-way (two or more parameters varied at the same 

time) sensitivity analysis to capture the level of uncertainty in the results that may arise due to 

missing data, imprecise estimates or methodological issues. (HIQA, 2014)  

Discounting: process used in economic analyses to convert future costs or benefits to present 

values using a discount rate. Discounting costs reflects societal preference for costs to be 

experienced in the future rather than present. Discounting benefits reflects a preference for 

benefits to be realised in the present rather than at a later date. (HIQA, 2014) 

Discount rate: the interest rate used to discount or adjust future costs and benefits so as to arrive 

at their present values, e.g. 5%. This is also known as the opportunity cost of capital investment. 

(HIQA, 2014) 
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Dominance: an intervention is subject to simple dominance if it has higher costs and worse 

outcomes than an alternative technology. An intervention is subject to extended dominance when 

it is more costly and more effective, and has lower incremental cost-effectiveness ratio, than a 

combination of alternatives. (HIQA, 2014) 

Effectiveness: the extent to which a technology produces an overall health benefit (taking into 

account adverse and beneficial effects) in routine clinical practice. (HIQA, 2014) 

Efficacy: the extent to which a technology produces an overall health benefit (taking into 

account adverse and beneficial effects) when studied under controlled research conditions. 

(HIQA, 2014) 

Equity: as it relates to health, ‘fairness’ in allocation of resources, technologies, or outcomes 

among individuals or groups. (HIQA, 2014) 

EQ-5D: the EQ-5D is a standardised instrument (questionnaire) used to measure health 

outcomes. The instrument is applicable to a wide range of health conditions and treatments and 

can be used to generate a single index value for health status. The EQ-5D questionnaire describes 

five attributes (mobility, self-care, usual activity, pain/discomfort, and anxiety/depression) each 

of which has three levels (no problems, some problems, and major problems). (see Appendix 3) 

(HIQA, 2014) 

Hazard ratio: a measure of effect produced by a time-to-event survival analysis. This represents 

the increased instantaneous rate with which one group is likely to experience the outcome of 

interest. (HIQA, 2014) 

Health technology assessment (HTA): this is a multidisciplinary process that summarises 

information about the medical, social, economic and ethical issues related to the use of a health 

technology in a systematic, transparent, unbiased, robust manner. Its aim is to inform the 

formulation of safe, effective health policies that are patient-focused and seek to achieve best 

value. (HIQA, 2014) 

Heterogeneity: in the context of meta-analysis, clinical heterogeneity means dissimilarity 

between studies. It can be because of the use of different statistical methods (statistical 

heterogeneity), or evaluation of people with different characteristics, treatments or outcomes 

(clinical heterogeneity). Heterogeneity may render pooling of data in meta-analysis unreliable or 

inappropriate. Finding no significant evidence of heterogeneity is not the same as finding 

evidence of no heterogeneity. If there are a small number of studies, heterogeneity may affect 

results but not be statistically significant. (HIQA, 2014) 
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Homogeneity: used to describe when the results of studies included in a systematic review or 

meta-analysis are similar and there is no more variation than would occur by chance alone. 

Results are usually regarded as homogenous when any difference observed between studies 

could reasonably be expected to occur by chance alone. Incremental costs: the absolute 

difference between the costs of alternative management strategies of the same medical condition, 

disease or disorder. (HIQA, 2014) 

Incremental cost-effectiveness ratio (ICER): the results of a cost-effectiveness analysis (CEA) 

are presented as an incremental cost-effectiveness ratio (ICER) and this describes how much 

additional benefit is achieved for the additional cost incurred. (HIQA, 2014) 

Market Failure: An economic term that encompasses a situation where, in any given market, 

the quantity of a product demanded by consumers does not equate to the quantity supplied by 

suppliers. This is a direct result of a lack of certain economically ideal factors, which prevents 

equilibrium.( http://www.investopedia.com/terms/m/marketfailure.asp) 

Markov Model: a type of quantitative modelling that involves a specified set of mutually 

exclusive and exhaustive states (e.g. of a given health status), and for which there are transition 

probabilities of moving from one state to another (including of remaining in the same state). 

Typically, states have a uniform time period, and transition probabilities remain constant over 

time. (HIQA, 2014) 

Meta-analysis: systematic methods that use statistical techniques for combining results from 

different studies to obtain a quantitative estimate of the overall effect of a particular intervention 

or variable on a defined outcome. This combination may produce a stronger conclusion than can 

be provided by any individual study. (HIQA, 2014) 

Multiparameter evidence synthesis: Multi-Parameter Evidence Synthesis (MPES) is a 

generalization of meta-analysis, broadened and extended so that it can combine not only 

evidence from different sources and different research designs, but also evidence that informs 

different functions of parameters. (MPES Research Group, University of Bristol; 

http://www.bristol.ac.uk/social-community-medicine/projects/mpes/) 

Net monetary benefit: refers to a method of reporting results of economic evaluations in terms 

of monetary units (called net monetary benefit) or units of outcome (called net health benefit). 

(HIQA, 2014) 

Opportunistic Screening: Opportunistic screening happens when someone asks their doctor or 

health professional for a check or test, or a check or test is offered by a doctor or health 

professional. Unlike an organised screening programme, opportunistic screening may not be 
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checked or monitored. (NZ National Screening Unit, 2014; https://www.nsu.govt.nz/about-us-

national-screening-unit/what-screening/organised-and-opportunistic-screening) 

Opportunity cost: the value of the forgone benefits because the resource is not available for its 

best alternative use. (HIQA, 2014) 

Prevalence: the number of people in a population with a specific disease or condition at a given 

time and is usually expressed as a ratio of the number of affected people to the total population. 

(HIQA, 2014) 

Probability distribution: portrays the relative likelihood that a range of values is the true value 

of a treatment effect. This distribution often appears in the form of a bell-shaped curve. An 

estimate of the most likely true value of the treatment effect is the value at the highest point of 

the distribution. The area under the curve between any two points along the range gives the 

probability that the true value of the treatment effect lies between those two points. Thus, a 

probability distribution can be used to determine an interval that has a designated probability 

(e.g. 95%) of including the true value of the treatment effect. (HIQA, 2014) 

Probabilistic sensitivity analysis (PSA): a type of sensitivity analysis where probability 

distributions are applied to a plausible range of values for key parameters to capture uncertainty 

in the results. A Monte Carlo simulation is performed and a probability distribution of expected 

outcomes and costs is generated. (HIQA, 2014) 

Prostate Cancer: Cancer that forms in tissues of the prostate (a gland in the male reproductive 

system found below the bladder and in front of the rectum). Prostate cancer usually occurs in 

older men. (NCI, 2014) 

Prostate Specific Antigen: Prostate-specific antigen, or PSA, is a protein produced by cells of 

the prostate gland. The PSA test measures the level of PSA in a man’s blood. For this test, a 

blood sample is sent to a laboratory for analysis. The results are usually reported as nanograms of 

PSA per milliliter (ng/mL) of blood. (NCI, 2014) 

Purchasing power parity: this theory states that in an efficient market, the exchange rate of two 

currencies results in equal purchasing power. The purchasing power indices are currency 

conversion rates that both convert to a common currency and equalise the purchasing power of 

different currencies. In other words, they eliminate the differences in price levels between 

countries in the process of conversion. (HIQA, 2014) 

Quality-adjusted life year (QALY): a unit of healthcare outcomes that adjusts gains (or losses) 

in years of life subsequent to a healthcare intervention by the quality of life during those years. 
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QALYs can provide a common unit for comparing cost-utility across different technologies and 

health problems. (HIQA, 2014) 

Relative risk difference or reduction: a type of measure of treatment effect that compares the 

probability of a type of outcome in the treatment group with that of a control group, i.e.: (Pc - Pt) 

÷ Pc. (HIQA, 2014) 

Sensitivity analysis: a means to determine the robustness of a mathematical model or analysis 

by examining the extent to which results are affected by changes in methods, parameters or 

assumptions. (HIQA, 2014) 

Supplier-Induced Demand: a practice that may occur where the supplier of a good or service 

induces the consumer to demand a good or service not originally desired by the consumer. 

Asymmetry of information may facilitate this practice.  (Richardson et al, 2006) 

Time horizon: the time span used in the assessment that captures the period over which 

meaningful differences between costs and outcomes between competing technologies would be 

expected to accrue. (HIQA, 2014) 

Utility: measure of the relative desirability or preference (usually from the perspective of a 

patient) for a specific health outcome or level of health status compared to alternative health 

states. A numerical value is assigned on a cardinal scale of 0 (death) to 1 (optimal or ‘perfect’ 

health). Health states considered to be worse than death may be assigned a negative value. 

(HIQA, 2014) 
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Appendix 2: Supplementary tables and figures 

 

Appendix 2.1 - Chapter 4 

Table A2.1.1 includes the method of construction for explanatory variables from the 

SLÁN 2007 dataset employed in analysis carried out in Section 4.2 in Chapter 4. 

 

Table A2.1.1 

SLÁN 2007-  Variable Definition 

 
Respondent’s ESeC class- current or previous occupation: 

 

1) Large employers, higher managers/professionals 

2) Lower mangers/professionals, higher supervisors 

3) Intermediate occupations 

4) Small employers and self-employed (non-agriculture) 

5) Small employers and self-employed (agriculture) 

6) Lower supervisors and technicians 

7) Lower sales and service 

8) Lower technical 

9) Routine 

10) Unknown/unclassified (including never worked) 

 

 

Socio-Economic Status 

 

In SLÁN 2007, individuals were categorised into 10 distinct occupations based upon current 

or previous occupation. Five socio-economic groups were constructed using an individual’s 

current or previous occupation from this occupation scale as follows: 

 

1) Socio-economic group 1- Large employers, higher managers/professionals; Lower 

mangers/professionals, higher supervisors 

2) Socio-economic group 2- Intermediate occupations; Lower supervisors and technicians 

3) Socio-economic group 3- Small employers and self-employed (non-agriculture); Small 

employers and self-employed (agriculture) 

4) Socio-economic group 4- Lower sales and service; Lower technical; Routine 

5) Socio-economic group 5- Unknown/unclassified (including never worked) 

 

Each socio-economic variable was constructed into a dichotomous variable i.e. SES1=1 or 

SES1=0, for each SES group; therefore there was a set of five dichotomous variables.  
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Education 

 

In SLÁN 2007, individuals were questioned about the highest level of education achieved to 

date given the following categories: 

 

1) Some primary 

2) Primary 

3) Intermediate/Junior/Group 

4) Leaving Certificate 

5) Diploma/Certificate 

6) Primary Degree 

7) Postgraduate/Higher degree 

 

Five education levels were constructed from the seven categories outlined: 

1) Degree or above- Categories 6 and 7 above 

2) Lower tertiary- Category 5 above 

3) Upper secondary- Category 4 above 

4) Lower secondary- Category 3 above 

5) Primary- Categories 1 and 2 above 

 

Each education level grouping was constructed into a dichotomous variable i.e. Primary=1 

or Primary=0, for each education level group; therefore there was a set of five dichotomous 

variables.  

 

Age Group  

 

In SLÁN 2007, the exact age of the individual was recorded.  Eight age categories were 

constructed in 5 years intervals in keeping with recommendations internationally of the age 

cohorts of men likely of getting screened for Prostate Cancer: 

 

1) Age 40-44 years 

2) Age 45-49 years 

3) Age 50-54 years 

4) Age 55-59 years 

5) Age 60-64 years 

6) Age 65- 69 years 

7) Age 70-74 years 

8) Age 75 years and over 

 

Each age category was made into a dichotomous variable i.e. Age 40-44 years =1 or Age 40-

44 years=0, for each age cohort; therefore there was a set of eight age cohort dichotomous 

variables.  

 

Marital Status 

 

In SLÁN 2007, a dichotomous variable was constructed for marital status based on the 

following categories: 

 

1) Married= Married or cohabitating Married; Cohabiting. 

2) Single= Single, Single (never married); Separated; Divorced; Widowed 

Each martial status group was made into a dichotomous variable i.e. Married=1 or 

Married=0, for each grouping of marital status; therefore there was a set of two dichotomous 

variables.  
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Self-Reported health 

 

In SLÁN 2007, the questionnaire enquired about the self-reported health of the individual. 

Two categories using this variable were constructed as follows: 

 

1) “Very good or good” = Excellent; Very Good; Good 

2) “Fair, bad or very bad” = Fair; Poor 

 

Two dichotomous variables were constructed for the two categories above i.e. Good Self-

reported health=1 or Good Self-reported health=0. 

 

Private Health Insurance  

 

In SLÁN 2007, data was collected on information regarding the health insurance status of 

the individual as follows: 

 

1) Private Health Insurance- The respondent had PHI that covers the cost of private medical 

treatment (e.g. VHI, BUPA, VIVAS) 

2) Medical Card- The respondent was covered by a full Medical Card  

3) Uninsured- The respondent did not hold PHI or a Medical Card 

 

Based on the above categorisation, a dichotomous variable was generated for Private Health 

Insurance and named ‘Insurance.’ i.e. Insurance=1 or Insurance=0. 

 

Geographical regions 
 

In the RoI regions were classified in SLÁN 2007 as presented in the analysis in eight 

categories as follows: 

1) Dublin 

2) Border 

3) Mid-East 

4) Midlands 

5) Mid-West 

6) South East 

7) South West 

8) West 

 

Each region group was made into a dichotomous variable i.e. Dublin=1 or Dublin=0, for 

each of the eight regions. 

 

 

Table A2.1.2 includes the methods of construction for explanatory variables from 

Eurobarometer (66.2) employed in analyses carried out in Section 4.3 (Chapter 4). 
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Table A2.1.2 

Eurobarometer “Health in the European Union” 66.2 (2006) -   

Variable Definition 

 

Socio-Economic Status 

 

In Eurobarometer, individuals were categorised into 19 distinctive occupations. Five 

socio-economic groups were constructed using an individual’s current or previous 

occupation from this occupation scale. Seven socio-economic groups were constructed 

using an individual’s current or previous occupation from this occupation scale as follows: 
 

1) Socio-economic group 1 

Professional (lawyer, medical practitioner, accountant, architect); Employed 

professional (employed doctor, lawyer, accountant, architect); General management, 

director or top management (managing directors, director general, other director). 

2) Socio-economic group 2 

Business proprietors, owner (full or partner) of a company; Owner of a shop, 

craftsmen; 

3) Socio-economic group 3 
Middle management, other management (department head, junior manager, teacher, 

technician); Employed position, in a service job (hospital, restaurant, police, 

fireman). 

4) Socio-economic group 4 

Employed position at a desk; Employed position, not at travelling (salesmen, driver). 

5) Socio-economic group 5 

Agriculture worker; Lower supervisor; Manual worker; Unskilled worker. 

6) Socio-economic group 6 

Never did any paid work. 

7) Socio-economic group Unclassified 

 

These groups were merged in the analysis into 4 categories and dichotomous 

variables were constructed for each of the 4 categories: 

SC12- upper  (SC12=1, SC12=0) 

SC34- middle (SC34=1, SC34=0) 

SC56- lower  (SC56=1, SC56=0) 

SCUC- unknown (SCUC=1, SCUC=0) 

Education 

 

In Eurobarometer, individuals were questioned about the year they left full time 

education. The following education categories were constructed: 
 

1) Education Age 14- Finished schooling aged 14 or less. 

2) Education Age 16- Finished schooling between the ages of 15 and 16. 

3) Education Age 18- Finished schooling between the ages of 17 and 18. 

4) Education Age 21- Finished schooling between the ages of 19 and 21. 

5) Education Age 22- Finished schooling aged 22 or more. 

 

Each of the five education variables were constructed into dichotomous variables i.e. 

Education Age 14 =1 or Education Age 14 =0, for each of the above groupings. 
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Age Groups 

  

In Eurobarometer, the exact age of the individual was recorded.  Individuals were 

categorised 

into 3 age groups in keeping with recommendations internationally of the age cohorts of 

men likely of getting screened for Prostate Cancer: 

 

1) Age 40-54 years 

2) Age 55-69 years 

3) Age 70 years and over 

 

The three age groups were constructed into age cohort dichotomous variables either taking a 

value of 1 or 0. 

 

Marital Status 

 

In Eurobaramoter, a dichotomous variable was constructed for marital status based on the 

following categories: 

 

1) Married= Married  

2) Single= Single, Divorced, Widowed 

 

The married category was constructed into a dichotomous variable where married=1 and all 

other marital statuses was ‘0’.  

 

Smoking Status 

 

In Eurobaramoter, a dichotomous variable was constructed for smoking status based on the 

following categories: 

 

1) Smoker= Current Smoker  

2) Non-Smoker= Non-Smoker 

 

The current smoker category was constructed into a dichotomous variable where smoker=1 

and all other non-smoker was ‘0’.  

Regions  
 

In Eurobaramoter, a dichotomous variable was constructed urban or rural region based on 

the following categories: 

 

1) Town= An individual lives in a small or large town 

2) Rural= An individual lives in a rural area or village 
 

Two region dichotomous variables were constructed: one for town taking either a 1 or 0 

value and one for rural taking a 1 or 0 value. 

 

Countries 

 

In Eurobaramoter, dichotomous variables was constructed for each country included in the 

analyses i.e. 26 country dummies 
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Appendix 2.2 - Chapter 5 

Table A2.2.1 includes the method of construction for explanatory variables from the 

NCRI Prostate Cancer dataset employed in analysis carries out in Chapter 5. 

 

Table A2.2.1 

 

Clinical Stage Categories 

 

Cancer clinical staging followed the TNM international classification. Dichotomous 

variables for each of the five staging variables i.e. Stage 1=1 or 0, Stage 1, 2, 3, 4 

and unknown were constructed based on categories defined by the NCRI for each of 

the TNM. This variable was constructed with assistance from the NCRI data 

specialist team.  

 

Clinical Grade/ Gleason Grade Categories 

 

Gleason grade/ scores take the value of 2-10. Five grade dichotomous variables were 

constructed based in the following Gleason scores: 

Grade 1:  Gleason grade <5  

Grade 2:  Gleason grade 5-7 

Grade 3:  Gleason grade >7  

Grade 4:  Undifferentiated tumour grade (as per categorised by the NCRI) 

Grade Unknown: Based on unrecorded Gleason grade. 

 

Age Categories 

 

Three dichotomous age variables (either taking a value of 1 or 0) were constructed 

for the following age cohorts informed by previous analysis and the ERSPC trial: 

 

Age 35 to 54 years  

Age 55 to 69 years  

Age  >70 years 

 

Method of Presentation Categories 

 

Four ‘method of presentation’ dichotomous variables (either taking a value of 1 or 0) 

were constructed for the analysis.  

 

Screening (category 1) consisted of the following three classifications recorded by 

the NCRI: 

Screening- Unspecified 

Screening- Organised 

Screening- Opportunistic 

 

Incidental (category 2) as recorded by the NCRI  

Symptomatic (category 3) as recorded by the NCRI 

Other (category 4) consisted of an ‘other’ category within the classification of 

method of presentation as well as the unknown category (due to absence of data 
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being recorded). 

 

Survival Duration 

 

Survival time was constructed as a continuous variable measured in months using 

four variables: Month of Diagnosis, Year of Diagnosis, Month of Death and Year of 

Death. 

 

Healthcare Payer Type 

 

Payer type was constructed based on what type of facility the patient received care as 

classified by either ‘Private’ or ‘Public’ by the NCRI.  Three dichotomous variables 

(either taking a value of 1 or 0) were constructed: 

Private: those treated solely in a private facility during their first year of diagnosis 

Public: those treated solely in a public facility during their first year of diagnosis 

Mixed Private/ Public: those treated in both private and public facilities during their 

first year of diagnosis 

 

Within the analysis one dichotomous variable was constructed for ‘Private’ which 

was interpreted as access to private care (both solely or partly private) with the 

counterfactual being those with access to public care only.  

 

This dichotomous variable acted as a proxy for private health insurance based on the 

assumption that those being treated in part of wholly in a private setting would have 

held PHI at the time of treatment. It would not be likely for men with PHI to undergo 

all diagnostic and treatment following the first year of diagnosis in public facilities 

only with the RoI. 

 

Socio-Economic Status 

 

The NCRI records deprivation scores using the National SAHRU deprivation index 

which is a 10 point scale: 1 being the least deprived and 10 being the most deprived 

area. This was used to construct socio-economic status. 

 

Six dichotomous variables (either taking a value of 1 or 0)  were constructed for 

socio-economic status based on the 10 point scaling: 

 

SES1: Deprivation score 1-2 

SES2: Deprivation score 3-4 

SES3: Deprivation score 5-6 

SES4: Deprivation score 7-8 

SES5: Deprivation score 9-10 

SES Unknown: Deprivation scoring not available 

 

Marital Status 

 

A dichotomous variable (either taking a value of 1 or 0) was constructed for marital 

status as follows: 
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Married= Married, Cohabiting 

Not Married= Single, Separated, Divorced, Widowed 

 

Smoking Status 

 

A dichotomous variable (either taking a value of 1 or 0) was constructed for smoker 

status as follows: 

 

Smoker= Current smoker at diagnosis 

Non-Smoker= Never smoked or previously smoked 

 

Regions 

 

County level classification was available for all men within the analysis. The RoI has 

26 countries all of which fall into four provinces or regions. Four dichotomous 

region variables (either taking a value of 1 or 0) were constructed based on the 

following: 

 

Leinster: Carlow, Dublin, Kildare, Kilkenny, Laois, Longford, Louth, Meath, Offaly, 

Westmeath, Wexford, Wicklow 

Munster: Cork, Clare, Kerry, Limerick, Tipperary, Waterford 

Connaught: Mayo, Sligo, Leitrim, Galway, Roscommon 

Ulster: Cavan, Donegal, Monaghan 

 

 

Table A2.2.2 presents further detail on the variation in method of presentation for 

men diagnosed with PCa in the RoI from 1998-2009.  This informed Figure 5.2. 

 

 

 

 

Table A2.2.2 

 
Year of 

Diagnosis 

Screening- 

Unspecified 

Screening- 

Organised 

Screening-  

Opportunis

-tic 

Incidental Symptoms Other Total 

1998 12 0 2 90 1,095 139 1,338 

% 0.9 0 0.15 6.73 81.84 10.39 100% 

1999 7 2 0 121 1,150 201 1,481 

% 0.47 0.14 0 8.17 77.65 13.57 100% 

2000 11 1 9 149 1,186 311 1,667 

% 0.66 0.06 0.54 8.94 71.15 18.66 100% 

2001 23 12 23 202 1,197 386 1,843 

% 1.25 0.65 1.25 10.96 64.95 20.94 100% 

2002 39 19 63 256 1,288 373 2,038 

% 1.91 0.93 3.09 12.56 63.2 18.3 100% 
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2003 74 24 103 282 1,234 330 2,047 

% 3.62 1.17 5.03 13.78 60.28 16.12 100% 

2004 142 130 301 240 1,222 536 2,571 

% 5.52 5.06 11.71 9.33 47.53 20.85 100% 

2005 0 0 589 276 1,105 433 2,403 

% 0 0 24.51 11.49 45.98 18.02 100% 

2006 1 0 630 363 975 503 2,472 

% 0.04 0 25.49 14.68 39.44 20.35 100% 

2007 2 0 828 269 1,061 593 2,753 

% 0.07 0 30.08 9.77 38.54 21.54 100% 

2008 17 2 858 252 1,030 555 2,714 

% 0.63 0.07 31.61 9.29 37.95 20.45 100% 

2009 91 1 699 354 976 479 2,600 

% 3.5 0.04 26.88 13.62 37.54 18.42 100% 

Total 419 191 4,105 2,854 13,519 4,839 25,927 

% 1.62 0.74 15.83 11.01 52.14 18.66 100% 

 

 

Table A2.2.3 presents a further set of logistic regressions carried out for the 7 year 

follow-up (84 months) stratified by healthcare payer type i.e. private payer and 

public payer, for the dependant variable of dead at 84 months or not.  The results 

presented highlight the variation across survival by payer type and in particular, the 

increased and consistent socio-economic gradient when the payer type is public 

compared to those with access to private care. Also of note is the variation in risk of 

survival for those 70 years and over with and without access to private care; those 

without access to private care having nearly double the risk than those with access to 

private care. 

 

Table A2.2.3 

 

Logistic Analysis of Survival at 84 month follow-up stratified by health payer  

 

Dependant: Live  Private Payer Public payer 

Stage1 (Base) 1 1 

Stage2 0.58** 1.35 

Stage3 0.58** 1.64*** 

Stage4 5.30*** 8.67*** 

Stage Unknown 0.89 2.42*** 

SES1 (Base) 1 1 

SES2 1.21 1.31*** 

SES3 1.07 1.21*** 
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SES4 1.22*** 1.18** 

SES5 1.28** 1.33*** 

SES Unknown 1.04 1.21* 

Single/ Divorced/ Widowed (Base) 1 1 

Married 0.83*** 0.68*** 

Region: Leinster (Base) 1 1 

Ulster 0.61*** 0.54*** 

Connacht 0.77 0.93 

Munster 0.90 1.22** 

Age 35-54 (Base) 1 1 

Age 55-69 1.37 2.05*** 

Age 70 and over 5.76*** 10.82*** 

MOP: Other (Base) 1 1 

Screen- opportunistic 0.77 0.42*** 

Incidental 0.86 0.84*** 

Symptomatic 1.36*** 1.29*** 

Non-smoker at diagnosis (Base) 1 1 

Smoker at diagnosis 1.58*** 1.65*** 

N  2917 7780 

% Correctly Classified 82.40% 81.20% 

 

 

Appendix 2.3 - Chapter 6 

Table A2.3.1 illustrates the units of healthcare resource use and individual costs 

included in the costing analysis carried out in Chapter 6. 

Table A2.3.1  

 Unit Cost 

(2010 €)/ 

Resource 

Use
18

 

SOURCE 

DETECTION AND DIAGNOSIS   

PSA-BASED DETECTION   

GP visit with PSA test and counselling € 48.51 Project-specific survey  

(Drummond et al, 2014) 

PSA test € 7.22 Project-specific survey  

(Drummond et al, 2013) 

                                                           
18

 All costs that were retrieved in the Irish setting not reflecting 2010 prices were adjusted using the 
CPI for health as reported by the CSO. All costs that were retrieved from the literature (and outside 
the RoI) were adjusted to 2010 values using the countries inflation index for health and then 
adjusted for the Irish setting using PPP exchange rates for 2010. (CSO, 2014; Eurostat, 2014; OECD, 
2014) 
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TOTAL COST OF A PSA-BASED 

SCREEN 

€ 55.73  

POSITIVE PSA TEST- 

CONFIRMATORY BIOPSY 

  

Outpatient consultation - first consultation € 139.00 HSE Casemix (2012) 

TRUS guided biopsy € 272.00 HSE Casemix (2012) 

Biopsy complications – hospitalisation € 1,503.00 HSE Casemix (2012) 

Risk of biopsy complications 1.4% Hummel et al (2013)  

TOTAL COST OF BIOPSY- POST PSA € 432.04  

POSITIVE BIOPSY- DISEASE 

STAGING 

  

Outpatient consultation  - 2nd consultation € 139.00 HSE Casemix (2012) 

Diagnostic tests (blood, urine, etc) € 64.78 Leal 2010 

Imaging (MRI scan) € 232.60 UCHG Micro-costing study (unpublished) 

Number of MRI scans 30% NCRI Patient level survey data (unpublished) 

Bone scan € 114.61 UCHG Micro-costing study (unpublished) 

Number of bone scans 30% NCRI Patient level survey data (unpublished) 

Repeat biopsy € 272.00 HSE Casemix (2012) 

Number of repeat biopsies per patient 25% NCRI Patient level survey data (unpublished) 

TOTAL COST OF POSITIVE BIOPSY 

(STAGING) 

€ 375.94  

TREATMENT   

ACTIVE MONITORING (AS/WW)   

GP Visit (4  annually) € 194.04 Project-specific survey  

(Drummond et al, 2014) 

Outpatient consultation (1 annually) € 139.00 HSE Casemix (2012) 

PSA test  (4 annually) € 28.88 Project-specific survey  

(Drummond et al, 2013) 

Biopsy (1 annually) € 272.00 HSE Casemix (2012) 

Biopsy complications – hospitalisation € 1,503.00 HSE Casemix (2012) 

Risk of biopsy complications 1.4% Hummel et al, 2013  

ANNUAL COST OF ACTIVE 

MONITORING 

€ 654.96  

RADICAL PROSTATECTOMY (RP)   

Radical prostatectomy € 6,398.96 HSE Casemix (2012) 

Urology Outpatient Appt (initial) € 139.00 HSE Casemix (2012) 

Urology Outpatient Appt (follow up) (2 

annually) 

€ 278.00 HSE Casemix (2012) 

Diagnostic tests (blood, urine, etc) (2 

annually) 

€ 129.56 Leal 2010 

Imaging (MRI scan) € 232.60 UCHG Micro-costing study (unpublished) 

GP Visit (3  annually) € 145.53 Project-specific survey  

(Drummond et al, 2014) 

COST OF RADICAL 

PROSTATECTOMY- YEAR 1 

€ 7,323.65  

YEAR 2 & 3 CARE POST- RP   

Urology Outpatient Appt (follow up) (2 

annually) 

€ 278.00 HSE Casemix (2012) 

Diagnostic tests (blood, urine, etc) (2 

annually) 

€ 129.56 Leal 2010 
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GP Visit (2  annually) € 97.02 Project-specific survey  

(Drummond et al, 2014) 

COST OF RADICAL 

PROSTATECTOMY- YEAR 2/3 

€ 504.58  

YEAR 4 CARE POST- RP   

Urology Outpatient Appt (follow up) (1 

annually) 

€ 139.00 HSE Casemix (2012) 

Diagnostic tests (blood, urine, etc) (1 

annually) 

€ 64.78 Leal 2010 

GP Visit (1  annually) € 48.51 Project-specific survey  

(Drummond et al, 2014) 

COST OF RADICAL 

PROSTATECTOMY- YEAR 4 

€ 252.29  

EBRT- RADIOTHERAPY  

(Assumed IMRT) 

 

  

EBRT- Radiotherapy € 5,057.93 UCHG Micro-costing study (unpublished) 

Oncology Outpatient Appt (initial) € 139.00 HSE Casemix (2012) 

Oncology Outpatient Appt (follow up) (3 

annually) 

€ 417.00 HSE Casemix (2012) 

Diagnostic tests (blood, urine, etc) (2 

annually) 

€ 129.56 Leal 2010 

Imaging (MRI scan) € 232.60 UCHG Micro-costing study (unpublished) 

GP Visit (3  annually) € 145.53 Project-specific survey  

(Drummond et al, 2014) 

COST OF EBRT- YEAR 1 € 6,121.62  

BT – RADIOTHERAPY   

BT—Radiotherapy € 4,112.43 UCHG Micro-costing study (unpublished) 

Oncology Outpatient Appt (initial) € 139.00 HSE Casemix (2012) 

Oncology Outpatient Appt (follow up) (2 

annually) 

€ 278.00 HSE Casemix (2012) 

Diagnostic tests (blood, urine, etc) (2 

annually) 

€ 129.56 Leal 2010 

Imaging (MRI scan) € 232.60 UCHG Micro-costing study (unpublished) 

GP Visit (2  annually) € 97.02 Project-specific survey  

(Drummond et al, 2014) 

COST OF BT- YEAR 1 € 4,998.61  

YEAR 2 & 3 CARE POST- EBRT & BT   

Urology Outpatient Appt (follow up) (2 

annually) 

€ 278.00 HSE Casemix (2012) 

Diagnostic tests (blood, urine, etc) (2 

annually) 

€ 129.56 Leal 2010 

GP Visit (2  annually) € 97.02 Project-specific survey  

(Drummond et al, 2014) 

COST OF EBRT/ BT - YEAR 2/3 € 504.58  

YEAR 4 CARE POST- EBRT & BT   

Urology Outpatient Appt (follow up) (1 

annually) 

€ 139.00 HSE Casemix (2012) 

Diagnostic tests (blood, urine, etc) (1 

annually) 

€ 64.78 Leal 2010 

GP Visit (1  annually) € 48.51 Project-specific survey  

(Drummond et al, 2014) 

COST OF EBRT/ BT - YEAR 4 € 252.29  
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SURGERY- TRANSURETHRAL 

RESECTION OF THE PROSTATE 

  

Surgery- TURP € 4,868.00 HSE Casemix (2012) 

GP Visit (2  annually) € 97.02 Project-specific survey  

(Drummond et al, 2014) 

Bicalutamide 50 mg 3 days before and for 

3 weeks 

€ 103.95 HSE Community Pharmacist- personal 

communication 

Urology Outpatient Appt (2 annually) € 278.00 HSE Casemix (2012) 

Diagnostic tests (blood, urine, etc) (2 

annually) 

€ 129.56 Leal 2010 

Imaging (MRI scan) € 232.60 UCHG Micro-costing study (unpublished) 

COST OF TURP  € 5,709.13  

HORMONE TREATMENT - YEAR 1   

Bicalutamide 50 mg 3 days before and for 

3 weeks 

€ 103.95 HSE Community Pharmacist- personal 

communication 

Goserelin 3.6mg every 28 days € 1,914.00 HSE Community Pharmacist- personal 

communication 

Goserelin implant 10.8mg every 12 weeks € 1,727.56 HSE Community Pharmacist- personal 

communication 

Oncology Outpatient Appt (initial) € 139.00 HSE Casemix (2012) 

Oncology Outpatient Appt (follow up) (2 

annually) 

€ 278.00 HSE Casemix (2012) 

Diagnostic tests (blood, urine, etc) (2 

annually) 

€ 129.56 Leal 2010 

Imaging (MRI scan) € 232.60 UCHG Micro-costing study (unpublished) 

GP Visit (3  annually) € 145.53 Project-specific survey  

(Drummond et al, 2014) 

COST OF HORMONE TREATMENT- 

YEAR 1 

€ 4,670.20  

HORMONE TREATMENT - YEAR 

2/3/4 

  

Medication (3.6mg) [Goserelin] € 1,914.00 HSE Community Pharmacist- personal 

communication 

Medication (10.8mg) [Goserelin] € 1,727.56 HSE Community Pharmacist- personal 

communication 

Oncology Outpatient Appt (follow up) (2 

annually) 

€ 278.00 HSE Casemix (2012) 

Diagnostic tests (blood, urine, etc) (2 

annually) 

€ 129.56 Leal 2010 

GP Visit (2  annually) € 97.02 Project-specific survey  

(Drummond et al, 2014) 

COST OF HORMONE TREATMENT- 

YEAR 2-4 

€ 4,146.14  

CHEMOTHERAPY   

Docetaxel + prednisolone (3-weekly) € 11,277.82 Collins et al 2007 

COST OF CHEMOTHERAPY – 

ANNUAL 

€ 11,277.82  

PALLIATIVE/ TERMINAL CARE   

COST OF PALLIATIVE TERMINAL 

CARE IN PROSTATE CANCER 

€ 6958.17 Bourke et al, 2014 

TREATMENT COMPLICATIONS   

RP -COMPLICATIONS IN THE 1ST 

YEAR 
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Requiring medical treatment 3% Bristish Association of Urological Surgeons- 

Report 2010 

Requiring surgical treatment 1% Bristish Association of Urological Surgeons- 

Report 2010 

Cost medical treatment  € 5,796.67 Collins et al 2007  

Cost surgical treatment € 6,398.96 HSE Casemix (2012)  

[Assumed RP] 

COST OF RP COMPLICATIONS- 

SHORT TERM 

€ 212.99  

RP - COMPLICATIONS AFTER THE 

1ST YEAR 

  

Urethral Stricture - short operation 

(excision) 

3% Leal 2010, Ollendorf et al 2009 

Cost of excision € 3,765.00 HSE Casemix (2012) 

Incontinence  13% Leal 2010, Ollendorf et al 2009 

pelvic floor muscle exercise treatment (6 

sessions) 

€ 315.61 Leal 2010 

 [Assumed a physiotherapy session) 

Impotence/ erectile dysfunction - 

counselling?, drug 

45% Leal 2010, Ollendorf et al 2009 

Drug - Sildenafil -25mg  once a week – 

annual 

€ 120.84 HSE PCRS Database 

COST OF RP COMPLICATIONS- 

LONG TERM 

€ 222.83  

TOTAL COST OF RP 

COMPLICATIONS 

€ 435.82  

RT -COMPLICATIONS IN THE 1ST 

YEAR 

  

Incontinence  30% Leal 2010, Ollendorf et al 2009 

pelvic floor muscle exercise treatment (6 

sessions) 

€ 315.61 Leal 2010  

[Assumed a physiotherapy session) 

COST OF RT COMPLICATIONS- 

SHORT TERM 

€ 94.68  

RT - COMPLICATIONS AFTER THE 

1ST YEAR 

  

Proctitis 7% Leal 2010, Ollendorf et al 2009 

Flexible sigmoidoscopy+ colonoscopy, 

biopsy 

€ 823.52 Hummel et al 2010 

Laser therapy € 1,113.47 Hummel et al 2010 

Enemas (2/day for 2wks, comm nurse) € 708.45 Hummel et al 2010 

Blood transfusion € 157.97 Hummel et al 2010 

Incontinence - pelvic floor muscle exercise 

treatment  

13.6% Leal 2010, Ollendorf et al 2009 

pelvic floor muscle exercise treatment (6 

sessions) 

€ 315.61 Leal 2010  

[Assumed a physiotherapy session) 

Impotence/ erectile dysfunction  40.3% Leal 2010, Ollendorf et al 2009 

Drug - Sildenafil -25mg  once a week - 4 

pack 

€ 120.84 HSE PCRS Database 

Urethral Stricture - short operation (TURP) € 3,765.00 HSE Casemix (2012) 

Stricture Rate 3.4% Leal 2010, Ollendorf et al 2009 

COST OF RT COMPLICATIONS- 

LONG TERM 
€ 404.66  

TOTAL COST OF RT 

COMPLICATIONS 
€ 499.34  
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HT -COMPLICATIONS IN THE 1ST 

YEAR 

  

Sexual dysfunction  71% Aronson 1999 

 Cyproterone acetate 50mg/day - 56-pack € 90.34 HSE PCRS Database 

Hot flashes 40% Aronson 1999 

DES 1mg/day for 2 wks - 28 pack € 67.79 HSE PCRS Database 

COST OF HT COMPLICATIONS- 

SHORT TERM 
€ 444.69 

 

 

HT -COMPLICATIONS AFTER THE 

1ST YEAR 

  

Fracture risk 22% Taylor 2009 

Fracture € 15,037.00 HSE Casemix 2012 

CVD risk 4% Aronson 1999 

Acute or suspected non elective MI € 1,531.00 HSE Casemix (2012) 

COST OF HT COMPLICATIONS- 

LONG TERM 

€ 3,343.82  

TOTAL COST OF HT 

COMPLICATIONS 

€ 3,788.51  

 

Appendix 2.4 - Chapter 7 

In Table A2.4.1, the main components of the Etzioni model of disease progression 

are outlined. 

Table A2.4.1 

Basic parameters  

Mortality rate from other causes than 

prostate cancer in the population during 

age interval i (𝑞0,𝑖) 

𝑞0,𝑖 = 𝑚𝑎𝑐,𝑖 − 𝑚𝑝𝑐,𝑖, where 𝑚𝑎𝑐 is 

the all-cause mortality rate and 𝑚𝑝𝑐 

is the prostate cancer mortality rate 

Clinical incidence rate in the population 

during age interval i 
𝑟0,𝑖 

Histological prevalence of prostate 

cancer at the start and end of a given 

age interval i 

𝑃0,𝑖 and 𝑃1,𝑖 

Functional parameters  

Symptom-free population at the start 

and end of a given age interval i  
𝑁00,𝑖 and 

𝑁10,𝑖 = 𝑁00,𝑖exp (−(𝑞0,𝑖 + 𝑟0,𝑖)) 

Total number of new histological 

cancers  
𝑁𝑖 = 𝑛𝑖 + 𝑚𝑖 

Number of surviving new histological 

cancers  
𝑛𝑖 = 𝑁10,𝑖𝑃1,𝑖 − (𝑁00,𝑖𝑃0,𝑖 − 𝐿𝑖) 

Number of histological prevalence 

cancers at the start who are lost during 

the interval i either due to competing 

mortality or diagnosis of cancer  

𝐿𝑖 = 𝑎0,𝑖 + 𝑁00,𝑖𝑃0,𝑖𝑚0,𝑖 
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Number of clinically diagnosed cases in 

the age interval i 
𝑎0,𝑖

= 𝑁00,𝑖(1

− exp (−(𝑞0,𝑖 + 𝑟0,𝑖)))
𝑟0,𝑖

𝑞0,𝑖 + 𝑟0,𝑖
 

Probability of mortality due to other 

causes during the age interval i 
𝑚0,𝑖

= (1

− exp (−(𝑞0,𝑖 + 𝑟0,𝑖)))
𝑞0,𝑖

𝑞0,𝑖 + 𝑟0,𝑖
 

Number of new histological cancer 

cases who do not survive (m) 𝑚𝑖 =
𝑛𝑖(1 − exp(−𝑞0,𝑖))

exp(−𝑞0,𝑖)

1

2
 

Histological prostate cancer incidence 

rate in age interval i 
𝐼𝑖 =

𝑁𝑖

𝑁00,𝑖
 

Lead time or preclinical duration of 

histological cancer (M), where k is the 

highest age interval in the population 

and 𝑓𝑖 is the fraction of population in 

age group i 

𝑀 =
∑ 𝑃𝑖𝑓𝑖

𝑘
𝑖=1

∑ 𝐼𝑖𝑓𝑖
𝑘
𝑖=1

 

In Table A2.4.2, the details of the scenarios employed in the CEA are presented. 

 

Table A2.4.2 

 

BASECASE PSA cut-off was 3ng/ml, ERSPC RR of mortality, complication and 

follow-up costs included for duration of 5 years, discounting of costs and 

benefits at 5%, no difference in utility score for PCa and non-PCa 

population, a 30% utility decrement associated with mPCa relative to non-

PCa was applied. 

Alternative to 

BASECASE 

PSA cut-off was adjusted to 4ng/ml (this involved updating of several 

clinical parameters included sensitivity of screening which was estimated 

using MPES. 

A PLCO RR of mortality was used 

B The Goteborg Trial (Swedish arm of the ERSPC) was used 

C The Meta-analysis by Djulbegovic et al (2010) was used 

D The Meta-analysis by Ilic et al (2013) was used 

E Complication and follow-up costs were increased to a duration of 10 years 

F Complication and follow-up costs were increased to a duration of 15 years 

G Complication and follow-up costs were increased to a duration of 20 years 

H The utility decrement associated with mPCa relative to non-PCa was 

increased to 50% 

I The utility decrement associated with mPCa relative to non-PCa was 

increased to 70% 
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J The utility decrement applied to the PCa population relative to the non-PCa 

population was 1% 

K The utility decrement applied to the PCa population relative to the non-PCa 

population was 1.5% 

L The utility decrement applied to the PCa population relative to the non-PCa 

population was 2% 

M The utility decrement applied to the PCa population relative to the non-PCa 

population was 3% 

N Survival rates were lowered to UK reported 5 year survival in order to 

address equity issues raised in Chapter 5. 

O Discounting costs and benefits was adjusted to 0% 

P Discounting costs and benefits was adjusted to 3% 

Q Discounting costs and benefits was adjusted to 8% 

R Discounting costs at 5% and benefits at 0% 

 

All scenarios for the >4ng/ml PSA cut-off decision model were dominated by 

the >3ng/ml PSA cut-off decision model i.e. there were less effective due to the 

reduction in specificity from the higher PSA cut-off. CEACs for the seven screening 

scenarios (grouped by age) are presented below which illustrate the probability of 

cost-effectiveness at various monetary thresholds up to s ceiling of €100,000. 

Population EVPI for the >4ng/ml PSA cut-off decision model is also presented 

below; this highlights the monetised amount of uncertainty with regards to the 

various scenarios. The first illustration (Figure A2.4.1) is the CEAC for the single 

screen at age 65 years for the >3ng/ml PSA cut-off decision model; the probability 

of cost-effectiveness is approximately 50% at the WTP threshold of €75,000. This 

suggests a single screen at age 65 is not cost-effective within the Irish setting. 
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Figure A2.4.1 

 

Figure A2.4.2 illustrates the cost-effectiveness acceptability curve for screening 

rounds at 50 years of age for the > 4ng/ml PSA cut-off decision model. At the WTP 

threshold of €45,000, a once-off screen using the higher PSA threshold is 90% cost-

effective compared to no screen. 

Figure A2.4.2 
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Figure A2.4.3 illustrates the cost-effectiveness acceptability curve for screening 

rounds at 55 years of age for the > 4ng/ml PSA cut-off decision model. A once-off 

screen is approximately 60% cost-effective at the €45,000 WTP threshold. 

Figure A2.4.3 

 

 

Figure A2.4.4 and A2.4.5 illustrates the cost-effectiveness acceptability curve for a 

single screen at 60 and 65 years of age, respectively, for the > 4ng/ml PSA cut-off 

decision model. Both CEACs highlight the once-off screens are not cost-effective at 

the WTP threshold of €45,000. 

 



 

278 
 

Figure A2.4.4 

 

Figure A2.4.5 

 

 

Figure A2.4.6 illustrates the Population EVPI for the population at risk for a 

screening scenarios commencing at 50 years of age for the > 4ng/ml PSA cut-off 
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decision model. The EVPI at the €45,000 WTP threshold averages around €1m; at 

the lower WTP threshold of €30,000, the uncertainty with screening scenarios at 50 

years ranges between €1-2m.   

Figure A2.4.6 

 

 

In Figure A2.4.7 the Population EVPI at 55 years of age for the > 4ng/ml PSA cut-

off decision model ranges from €2-4m highlighting these is larger uncertainty when 

introducing screening programme at older ages i.e. 55 compared to 50 years of age. 

Figure A2.4.7 

 


