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Thesis Abstract 

Background 

The sensitivity of endoscopic ultrasound (EUS) in gastro-oesophageal cancer (GOC) staging 

has been studied; however, the cost-effectiveness of EUS staging has not been evaluated until 

the inception of the HTA-funded COGNATE trial (ISRCTN1444215). This thesis aimed to 

explore the cost-effectiveness of EUS in GOC staging alongside the COGNATE trial, the 

economic evidence and current practice of the utilisation of EUS in GOC staging in the UK, and 

the potential use of disease-specific measures in cost-utility analysis in clinical trials.  

Method 

From an NHS perspective, a cost-effectiveness analysis alongside the COGNATE trial (Chapter 

2), using QALY as the measure of effect, was conducted to evaluate whether adding EUS to 

the usual staging strategy is cost-effective in staging patients with GOC.  

A systematic review was undertaken retrospectively (Chapter 3) following the completion of 

the COGNATE trial to identify the economic evidence of EUS staging in patients with GOC. 

An online survey of UK GOC healthcare professionals (Chapter 4) was conducted through 

Bristol Online Survey (BOS) platform to explore the utilisation of EUS in GOC staging and the 

current clinical practice in the UK. 

Given that disease-specific measures are usually collected alongside EQ-5D, a generic 

preference-based health-related quality of life measure, in clinical trials and seeing that EQ-

5D has been argued to be not always sensitive enough to pick up changes in individual’s 

quality of life, the potential use of disease-specific measures in cost-utility analysis was 

explored (Chapter 5), aiming to further exploring the transferability/generalisability of the 

hybrid QALY technique first tried in the MORTISE trial (on which I was a Research Officer in 

Health Economics working with the Trial Statistician, Dr Daphne Russell) in other disease areas 

(e.g. cancer and ophthalmology) in cost-utility analysis. Data from two large clinical trials, 

each with a 12-month follow-up (the COGNATE trial and the NIHR-EME-funded CLARITY trial 

(ISRCTN32207582)), were used. Regression models between disease-specific measures and 

conventional QALYs (measured solely by EQ-5D) for both trials were established, and results 

were compared.  



Results 

In the COGNATE trial, on average, EUS was found to cost £2,860 less per patient (95% 

bootstrapped CI: –£7,987 to £2,192) (2008 price year) [2019 price year: £3,490 less per 

patient, 95% bootstrapped CI: –£9,746 to £2,675] and improved QALYs by 0.1969 years 

(equivalent to 72 days in perfect health). Combining these savings and benefits showed that 

the probability of EUS being cost-effective exceeds 95% at the NICE threshold range of 

£20,000 to £30,000 per QALY (Chapter 2). 

The systematic review findings (Chapter 3), based on the six identified economic articles, 

suggested that use of EUS as a complementary staging technique to other staging techniques 

for GOCs appears to be cost saving and offers greater QALYs. 

From the healthcare professionals survey (Chapter 4), results showed that the majority 

support the use of EUS in GOC staging (n=89; 90.8%), have experience in the field of EUS either 

by requesting, performing or both (n=81; 82.7%) with most of them felt that EUS is more 

useful for staging oesophageal (n=78; 96.3%) and gastro-oesophageal junction cancer (n=78; 

96.3%) than gastric cancer (n=58; 71.6%). Interestingly, ‘attend Upper GI cancer MDT 

meeting’ and ‘clinician’s age’ were found to be important factors (p<0.05) associated with 

referral for EUS. Attendance at MDT meetings is likely to increase EUS referral, and younger 

clinicians are less likely to refer GOC patients for EUS. 

From the exploratory study of assessing the potential use of disease-specific measure in QALY 

estimations (hybrid QALY approach) for cost-utility analysis in clinical trials (Chapter 5), 

disease-specific measures collected in trials were found to be potentially useful for cost-utility 

analysis. In both trials, cost-utility analysis results showed not only more certainty around the 

estimates of incremental cost-effectiveness ratios when conventional QALY was replaced 

with disease-specific measures guided QALY but also a shifting towards the direction of the 

respective disease-specific measures. 

Conclusion 

To date, EUS has been found to be not available at every hospital in the UK despite the 

widespread adoption of EUS, and the economic evidence in this area is scant. This thesis offers 

various novel contributions to the economic evidence and evaluation of EUS in GOC staging, 

and the insights into the current practice of the utilisation of EUS in GOC staging in the UK 

and the advancement of health economics assessment in clinical trials. These novel 



contributions from this PhD study not only would facilitate policy makers and commissioners 

in evidence-based decision making but also provide unique insights for future research and 

policy in this area and other health technology assessment areas. 
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Chapter 1: Introduction 

1.1 Chapter summary 

This chapter begins with a personal statement and epistemological background to 

provide a snapshot of why this original research was undertaken. Following that, this 

chapter provides: 

• An overview of endoscopic ultrasound (EUS) in the management of patients

with gastro-oesophageal cancers (GOCs).

• Economic evidence on EUS staging for GOCs

• The conceptual framework underpinning methods of economic evaluation

• Economic evaluation of health care

• Cost-effectiveness analysis

• Cost-utility analysis.

• Economic evaluation alongside clinical trials

• Challenges in cost-utility analysis of health care interventions

• Development of methods to overcome challenges in cost-utility analysis of

health care interventions

• An overview of the method first tried in the MORTISE trial of strengthening

cost-utility analysis results

• Cost-effectiveness of EUS in GOC staging alongside COGNATE trial

And finally, this chapter introduces (1) the purpose and overarching aims of this thesis, 

(2) thesis novelty and contribution to knowledge, and (3) the structure of this thesis

with a flow chart outlining the research questions, operational plans, and chapters of

this thesis, and (4) dissemination of the works from this thesis.



1.2 Personal statement and epistemological background 

I graduated with a Bachelor of Science degree (honours) in Food Science and Nutrition 

from the National University of Malaysia in August 2002. Not long after my graduation, 

I was awarded a ‘Postgraduate Bursary for International Student’ by the Bangor 

University. In September 2002, I flew to the UK to pursue my study in Master of 

Science (MSc) degree in Public Health and Health Promotion at Bangor University. For 

my Master’s degree dissertation, I designed and undertook a health promotion project 

integrated with health economics component, namely “A costing study of encouraging 

fruit consumption in primary school children in North Wales”. The project was funded 

by the Centre for Health Economics and Medicines Evaluation (CHEME) and 

supervised by Professor Rhiannon Tudor Edwards and Dr Anne Krayer. Upon 

completion of the project in 2004, the outcome of the study was presented to 

Anglesey Local Council. In 2005, I graduated with a MSc degree in Public Health and 

Health Promotion from Bangor University, UK.  

 

From the experience I gained during the research project for my Master’s degree 

dissertation, I found myself enjoy doing research and my interest in health economics 

has grown ever since. Then, in 2004, I joined CHEME as a research assistant in health 

economics, working alongside Professor Rhiannon Tudor Edwards, at Bangor 

University. I was trained to becoming a health economist. During my early career 

research journey, my interest in involving in health economics of cancer care research 

arises from my experience with my late mother who was diagnosed with endometrial 

cancer in 2005 and sadly passed away from the horrible illness four years later (29th 

July 2009) at the age of 58-year-old.  

 

As I was getting interested in the field of cancer, economic evaluation alongside 

clinical trials and statistical methods used in QALY estimations, I decided to pursue my 

PhD study in health economics of cancer care on a part-time basis with Professor 

Rhiannon Tudor Edwards at CHEME at Bangor University, UK. I was awarded a PhD 

studentship by the Tenovus Cancer Care charity 

(https://www.tenovuscancercare.org.uk/) to complete my research. At CHEME, I was 

very privileged to have had the opportunity to work on the COGNATE trial as part of 

https://www.tenovuscancercare.org.uk/


my PhD study. COGNATE, a HTA-funded UK study, was a large multi-centred 

randomised controlled trial investigating the effectiveness and cost-effectiveness of 

endoscopic ultrasound (EUS) for gastro-oesophageal cancers staging (i.e. staging for 

oesophageal, gastro-oesophageal junction and stomach cancer). 

 

Gastro-oesophageal cancers (GOCs) are one of the most common cancers in the UK, 

accounting for at least 4% of all new cancer cases (Cancer Research UK, 2021a; Cancer 

Research UK, 2021b). The prognosis of GOCs remains poor because these tumours are 

usually detected in late stage (Valero and Robles-Medranda, 2017). The UK Cancer 

statistics reported that the overall five-year survival is low, at approximately 20% 

(Cancer Research UK, 2021a; Cancer Research UK, 2021b). Thorough and accurate 

staging is, therefore, very important to help clinicians to choose the best treatment 

plan that will maximise patients’ chances of survival. EUS is known to be superior 

compared to CT and PET for locoregional staging of gastro-oesophageal tumours, 

although the complementary nature of these imaging modalities must be recognised 

(Thakkar and Kaul, 2020; Valero and Robles-Medranda, 2017; HQIP, 2016; Allum et al., 

2011; Puli et al., 2008; Lowe et al., 2005). Studies reported that it has high sensitivity 

and specificity in accurately diagnosing tumour invasion (T) and locoregional nodal (N) 

cancer stages (Thakkar and Kaul, 2020; Valero and Robles-Medranda, 2017; Puli et al., 

2008; Lowe et al., 2005). The sensitivity of EUS in GOC staging has been widely studied; 

however, there was no rigorous evaluation of its effectiveness and cost-effectiveness 

in GOC staging, particularly in the form of randomised controlled trial (RCT). Hence, I 

undertook a cost-effectiveness analysis study of EUS in GOC staging alongside the 

randomised controlled trial, namely ‘COGNATE’ trial. Further details about this study 

are discussed in Chapter 2 of this thesis. 

 

In cost-effectiveness analysis, Quality-Adjusted Life Years (QALYs) are usually used as 

the outcome measure of effectiveness. However, many researchers have raised their 

concerns that standard quality of life measurement tools, such as the EQ-5D, does not 

incorporate condition-/disease-specific measures to reflect the real quality of life 

status of a patient (Pennington et al., 2020; Wichmann et al., 2017; Pettitt et al., 2016; 

Tosh et al., 2012; Whitehead and Ali, 2010). In other words, EQ-5D lack essential 



dimensions related to the condition-/disease-specific areas of a study. In addition to 

the EQ-5D, Wichmann and colleagues (2017) recommended to make use of condition-

/disease-specific quality of life instruments in measuring quality of life for economic 

evaluations in health care. The authors stated that the QALY might be of value in 

informing resource allocation decisions among health care interventions if specific 

issues are taken into account. Therefore, I was getting interested to undertake an 

exploratory study of incorporating condition-/disease-specific measures into QALY 

estimations for cost-effectiveness analysis, using the available accessible data from 

both the COGNATE and CLARITY trials. Further details about this exploratory study are 

discussed in Chapter 5 of this thesis. 

 

Together with the COGNATE trial team members, I led the health economics 

components of the COGNATE trial with guidance provided by Professor Rhiannon 

Tudor Edwards (first supervisor). As part of my PhD study, I was responsible for 

managing, collecting, cleaning, costing, analysing and interpretating the COGNATE 

health economics data, and writing up COGNATE health economics report for 

submission to the Health Technology Assessment (HTA), the funder of the COGNATE 

trial (see the published COGNATE HTA report (Russell et al., 2013) for further details). 

In the next chapter (Chapter 2), the research work relating to the economic evaluation 

of the COGNATE trial are discussed in detail. 

 

During the COGNATE trial, a literature review of economic evidence of endoscopic 

ultrasound for GOCs staging was performed given that conducting a systematic review 

was not possible at that time due to resource constraints. For this reason, I decided, 

with agreement from supervisors, to undertake a systematic review of economic 

evidence in that area retrospectively for my PhD study (see Chapter 3 for further 

details relating to systematic review work). This not only helps to fill the gap in the 

literature but also give a more complete picture of the available existing economic 

evidence in this field. 

 

Besides conducting an economic evaluation alongside the COGNATE trial and a 

retrospective systematic review, I was also interested in carrying out a survey to 



obtain a more in-depth insight into the overall picture of the use of EUS in GOCs 

staging in the UK and its current clinical practice. Given that no such survey in this area 

in the UK was found until the inception of my survey in mid-October 2017, it was 

believed that my survey would be the first study of its kind in this area in the UK up to 

January 2021 when a similar UK survey was published in February 2021 by Jones et al. 

(2021). By conducting the survey, it would help to add new knowledge to fill the gap 

in the literature in this field. Further details relating to the survey are described in 

Chapter 4 of this thesis. 

 

Additionally, as mentioned earlier, I was interested in improving methods of cost-

utility analysis that used conventional QALY. This is because (1) there is a general 

concern about the insensitivity and unresponsiveness of the generic health-related 

quality of life measure tool – the EQ-5D, which is recommended to be used to generate 

QALY (NICE, 2013) – in picking up changes in patients’ disease-/condition-specific 

related quality of life (Pennington et al., 2020; Pettitt et al., 2016; Payakachat et al., 

2015; Yang et al., 2015; Mulhern et al., 2013; Tosh et al., 2012; Whitehead and Ali, 

2010); and (2) both EQ-5D and disease-/condition-specific measures data are normally 

collected independently in a study but only EQ-5D data is used to generate QALY for 

cost-utility analysis of a study. In the MORTISE trial where my colleagues and I first 

tried the method of incorporating the disease-specific measure used in the trial (i.e. 

Foot Health Thermometer, FHT) into the conventional QALY estimations for use in 

cost-utility analysis. I have further explored this idea in other disease areas (i.e. cancer 

and ophthalmology) in this thesis, as discussed in Chapter 5. 

 

We believed that these four independently related studies would collectively provide 

a rich narrative about the cost-effectiveness and utilisation of EUS in GOCs staging in 

the UK, as well as the further exploration of the novel methodology in QALY 

estimations in other disease areas like cancer and ophthalmology. 

 

1.3 Overview of endoscopic ultrasound (EUS) in the management of patients 

with gastro-oesophageal cancers 



1.3.1 Gastro-oesophageal cancers (oesophageal, gastro-oesophageal junction and 

gastric cancers) – incidence, mortality, and 5- and 10-year survival data 

Recent data published by the Cancer Research UK (CRUK, 2021a & 2021b) showed that 

gastro-oesophageal (oesophageal, gastric or both) cancers (GOCs) is one of the most 

common cancers in the UK, with approximately 16,000 new diagnoses each year 

despite the incidence rates having decreased over the last decade. Of the 16,000 new 

cases in the UK, about 9,000 are oesophageal cancer new cases and 7,000 are stomach 

cancer new cases. Incidence rates for both oesophageal and stomach cancers in the 

UK are highest in people aged 85 to 89. Of all new oesophageal and stomach cancer 

cases in the UK, each year around 40% and 50% respectively are diagnosed in people 

aged 75 and above. Seeing the aging population in the UK has been rising steadily 

through the late 20th century and that this trend is projected to increase to more than 

a quarter of the UK population by 2066 (ONS, 2018), this is placing a huge financial 

pressure on the UK NHS. 

 

CRUK (2021a & 2021b) also reported that, there are around 8,000 and 4,300 deaths 

from oesophageal cancer and stomach cancer, respectively, in the UK every year. 

Oesophageal and stomach cancers are one of the most common causes of cancer 

death in the UK, accounting for 3% - 5% of all cancer deaths; however, over the last 

decade, the mortality rates of oesophageal and stomach cancers have declined by 

about 9% and 30%, respectively, in the UK. Furthermore, data from CRUK (2021a & 

2021b) also showed that approximately 17% of people diagnosed with oesophageal 

cancer survive for five years or more, and 12% for 10 years or more in the UK; for 

people diagnosed with stomach cancer, 22% survive for five years or more and 17% 

for 10 years or more in the UK.  

 

1.3.2 Diagnosis, assessment after diagnosis and treatment for gastro-oesophageal 

cancers (GOCs) 

Diagnosis, assessment after diagnosis and treatment for gastro-oesophageal cancers 

are all well-documented (Allum et al., 2011; SIGN, 2006). Clearly, patients with 

different types and stage of gastro-oesophageal cancers are assessed and treated 

differently, that is on a case-by-case basis (Jones et al., 2021). As noted in the two 



published sources, during the assessment phase following diagnosis, endoscopic 

ultrasound (EUS), a diagnostic technique, is recommended to offer to people with 

gastro-oesophageal cancers to help guide ongoing management/treatment plans. Use 

of EUS in GOCs staging is described further in the section 1.3.3 below.  

 

Following the necessary investigative assessments, Upper Gastro-Intestinal Multi-

Disciplinary Team (Upper GI MDT) will meet and discuss to create a patient’s overall 

treatment plan that combines different types of treatments (Allum et al., 2011). 

Treatment options and recommendations made by the MDT depend on several 

factors, including the patient’s co-morbidities and overall health, nutritional status, 

patient’s preferences, possible side effects and staging information. Treatment 

recommendations made by the MDT will then be discussed with patients within the 

context of a shared decision-making consultation to choose treatments that fit their 

needs and care (Allum et al., 2011).  

 

The treatment options for gastro-oesophageal cancer are endoscopic mucosal 

resection (EMR), surgery, chemotherapy, radiotherapy, and palliative treatments. 

Depending on the type and stage of gastro-oesophageal cancer, a treatment plan that 

combines different types of treatments will be created and recommended by MDT 

(Allum et al., 2011). For early gastro-oesophageal mucosal cancer (that is where 

tumours were found to be mucosa), patients will be assigned to undergo EMR and 

endoscopic submucosal dissection (ESD). For tumours that were found to be 

resectable, patients will be assigned to undergo surgery with or without neo-adjuvant 

therapy. Neo-adjuvant therapy refers to treatment such as chemotherapy, 

radiotherapy, or both, is given to patients before their main treatment such as surgery 

with the aim to shrink tumour before the main treatment. For locally advanced 

tumour, for which complete resection was deemed to be impossible, patients will be 

assigned to receive multimodal treatment combining different types of treatments, 

for example, combinations of chemotherapy and radiotherapy. For metastatic cancer, 

where tumour spreads to another part in the body from where it started, patients will 

be considered for palliative treatment to help relieve symptoms and side effects with 

the goal of improving patient’s quality of life and lengthening the patient’s life. 



Palliative treatment not only using medicines such as painkillers and anti-sickness 

drugs to control symptoms but also using cancer treatments to reduce or eliminate 

symptoms such as pain. Cancer treatments used as palliative treatment include 

chemotherapy, radiotherapy, brachytherapy, targeted cancer drugs, surgery, and 

radiofrequency ablation which uses thermal to kill cancer cells. 

 

Staging investigations following a diagnosis of gastro-oesophageal cancer are 

therefore important to be carried out appropriately and comprehensively in achieving 

better staging so that a more realistic prognosis (chance of recovery or likelihood the 

cancer will come back) can be given, and a treatment plan can be tailored accordingly. 

Better staging helps reduce the likelihood of unnecessary treatment, and therefore 

costs and outcomes to gastro-oesophageal cancer patients in terms of QALY gain.  

 

1.3.3 EUS for gastro-oesophageal cancers (GOCs) staging 

Accurate staging of GOCs is of utmost importance in determining the stage-

appropriate treatment strategy (Thakkar and Kaul, 2020; Yeo et al., 2019; Kim et al., 

2018; Valero and Robles-Medranda, 2017; Allum et al., 2011; Allum et al., 2002). 

Staging enables selection of the most appropriate treatment plan, and thus improves 

survival and quality of life. Staging investigations for GOCs are usually coordinated 

within an agreed pathway led by an Upper Gastro-Intestinal Multi-Disciplinary Team 

(Upper GI MDT) (Allum et al., 2011).  

 

Accurate staging of GOCs is usually achieved through performing a combination of 

investigative diagnostic imaging tests which these include computer tomography (CT), 

endoscopic ultrasound (EUS), positron emission tomography (PET)-CT and adjuncts to 

staging include magnetic resonance imaging (MRI), bronchoscopy, laparoscopy and 

trans-abdominal ultrasound (Allum et al., 2011; Allum et al., 2002). The guidelines for 

the management of oesophageal and gastric cancer stated that a CT scan should be 

performed at initial staging to determine whether metastatic disease is present (Allum 

et al., 2011; Allum et al., 2002). Metastatic disease is a condition where cancer cells 

have spread from the primary site of its origin to other new areas of the body. If 



metastatic disease is absent, further staging with EUS in GOCs is recommended to 

assess and predict operability (Thakkar and Kaul, 2020; DaVee et al., 2017; Valero and 

Robles-Medranda, 2017; Allum et al., 2002). This is because EUS is known to be more 

superior to CT and PET in terms of its sensitivity for locoregional staging of gastro-

oesophageal tumours (Thakkar and Kaul, 2020; Valero and Robles-Medranda, 2017; 

Smyth et al., 2017; Puli et al., 2008; Lowe et al., 2005). Studies reported that EUS has 

superior tumour invasion (T) and locoregional nodal (N) staging ability over CT and PET 

(Thakkar and Kaul, 2020; Smyth et al., 2017; Valero and Robles-Medranda, 2017; 

Findlay et al. 2015; Puli et al., 2008; Shimpi et al., 2007; Lowe et al., 2005). Specifically, 

EUS is sensitive for the detection of regional lymph node metastases (Thakkar and 

Kaul, 2020; Smyth et al., 2017; Valero and Robles-Medranda, 2017; Findlay et al. 2015; 

Puli et al., 2008; van Vliet et al., 2008; Lowe et al., 2005; Botet et al., 1991; Vilgrain et 

al., 1990). 

 

Accurate pre-treatment staging is crucial to avoid inadequate and unnecessary 

treatment. EUS is recommended to use as a complementary imaging technique to 

other imaging techniques such as CT and PET scanning for staging GOC which this can 

help to minimise unnecessary treatments (NICE, 2018; Smyth et al., 2017; Findlay et 

al. 2015; HQIP, 2016; Dittler et al., 1995; Rösch et al., 1992); and thus potentially could 

save costs and offer greater health benefits to patients in terms of QALY gains. 

 

1.4 Economic evidence on EUS staging for GOCs 

Evidence on economic evaluations of EUS staging for GOCs is scarce. Only three 

American decision-analytic economic modelling studies (Harewood and Wiersema, 

2002; Wallace et al., 2002; Hadzijahic et al., 2000) were found and no guidance on this 

topic from the National Institute for Health and Care Excellence (NICE) were found 

prior to the completion of the COGNATE trial (see below for further details about the 

COGNATE trial). Of the three studies, Wallace et al. (2002) was the most 

comprehensive, inferring that the combination of CT, EUS and fine-needle aspiration 

(FNA) was on average the least costly and more effective in gaining quality-adjusted 

life years (QALYs) compared to all other staging strategies except the combination of 

positron emission tomography (PET), EUS and FNA. The latter was slightly more 



effective but it was more expensive and less cost-effective when judged by cost per 

QALY, the usual measure in both US and UK. Furthermore, there has been no rigorous 

evaluation of EUS staging of GOCs in the form of randomised controlled trial (RCT) 

until the establishment of the trial ‘Cancer of the Oesophagus or Gastricus: New 

Assessment of the Technology of Endosonography’ (COGNATE, Registration Number: 

ISRCTN1444215). The COGNATE trial was a pragmatic multi-centred randomised 

controlled trial, commissioned by the NIHR Health Technology Assessment 

Programme to evaluate whether EUS is effective and cost-effective in managing GOCs, 

not the accuracy of EUS, but its effect on patient management and outcome. The cost-

effectiveness of EUS staging for GOCs of the COGNATE trial that formed part of this 

PhD thesis, is discussed in detail in the next chapter (Chapter 2).  

 

1.5 Conceptual framework underpinning methods of economic evaluation 

1.5.1 Health Economics – What is health economics and why it is important? 

Health economics is a field of economic sciences that involves the development and 

application of economic theory, models and empirical methods for studying the 

production and consumption of health and health care (Morris, et al., 2012; Maynard 

and Kanavos, 2000). Health economics is sturdily based in economic theory; however, 

it furthers understanding of the behaviour of individuals (e.g. patients, health care 

professionals) and health care providers, and comprises analytical techniques 

developed to facilitate resource allocation decisions in health care. 

 

Health economics has been regarded as a specialised field, providing economics ideas 

and methods of analysis to policy makers, governments, health care providers and 

society as a whole as to how best to use scarce resources to meet human wants in 

terms of health and health care. Health, in overall, is regarded as a “fundamental 

commodity” to all people and unlike other goods or services, it is non-transferrable 

from one person to another and non-tradeable. As health cannot be traded, it 

therefore cannot be analysed in the context of a market. Instead, health 

economists/analysts focus on the production and consumption of health and health 

care; thereby, improvements in health would be possible to be purchased indirectly. 

 



Scarcity is an unavoidable issue in health care because human beings have unlimited 

wants for health care and resources that are used to produce health care services such 

as human resources, capital and raw materials, are limited (Hubbard and O'Brien, 

2006; Parkin, 2000); this means, in the health care economy as a whole, there are 

scarce resources to meet all of the people’s wants for health care (Morris et al., 2012). 

The issue of resources scarcity and the potential uses of those limited resources in an 

efficient manner in the production of health care become the two general 

observations underpinning health economic analysis (Rudmik and Drummond, 2013; 

Shiell et al., 2002). The focus of health economic analysis, viewing health as a 

“fundamental commodity” and “health care being an economic good”, is to make 

choices about the production of health care and consumption of health care resources 

that are scarce relative to society’s wants for them (Rudmik and Drummond, 2013; 

Morris et al., 2012; Shiell et al., 2002; Gold et al., 1996). Due to resource scarcity, 

choices have to be made about different ways of using resources with respect to what 

quantity and mix of health care to produce, how to produce it, who pays for it and 

how it is distributed (Rudmik and Drummond, 2013; Morris et al., 2012; Shiell et al., 

2002; Maynard and Kanavos, 2000). Making these choices within limited resources is 

undeniably difficult. This encounters inevitable trade-offs, meaning that one would 

need to choose one good or service from another. In other words, one would need to 

sacrifice a good or service in return for another good or service they choose. Making 

choices and trade-offs are both the most fundamental notion in economics in which 

they usually refer to as opportunity costs. Opportunity costs are the costs of resources 

consumed measured in terms of the value of the next best alternative forgone (a good, 

service or programme that is not chosen) (Shiell et al., 2002; Palmer and Raftery, 1999; 

Russell, 1992). Basically, this means the opportunity cost of undertaking an activity is 

the benefit that one must forego by being unable to allocate resources to the next 

best activity/alternative that is not chosen. 

 

For a country’s health care system that is predominantly funded by general taxation 

such as the U.K., where the government fixes a proportion of their total budget to be 

spent on health care at the start of each period, these choices are a ‘top-down’ 

hierarchy of decisions (Morris et al., 2012). In this environment, health economists, 



therefore, play an important role to the U.K. government in providing evidence to 

inform decisions. This enables the government to make informed choices and 

decisions in health care; for example, what size of the budget for health care should 

be, how to allocate health care resources efficiently so that the greatest output can 

be obtained for a given set of resources (efficiency approach) and how to distribute 

and finance health and health care fairly amongst the people (equity approach), based 

on health economics theories and empirical findings that encompass both positive and 

normative economics aspects (Morris et al., 2012). Arroyos-Calvera and colleagues 

(2019) acknowledged that efficiency is the most important single factor determining 

preferences between policy options, but decisions were influenced almost as much by 

equity as by efficiency. 

 

Positive economics deals with objective explanation and testing and rejection of 

theories, for example, the rising price of crude oil on world markets will lead to an 

increase in cycling to work (Friedman, 1953). Normative economics carries normative 

statements which are subjective statements of opinion rather than objective 

statements that can be tested by assessing the available evidence, for example, the 

government should enforce minimum prices for beers and lagers sold in supermarkets 

and off-licences in a bid to control alcohol consumption (Culyer, 1989). In other words, 

positive economics is concerned with the explanation and prediction of economic 

phenomena, while normative economics is concerned with evaluating economic 

policies, practices, and states of affairs from a moral stand-point (Hausman and 

McPherson, 2006). In summary, health economics has both positive and normative 

aspects; it is one of the areas of economics concerned with issues relating to 

efficiency, equity, value (i.e. the role of values in making judgements), behaviour as 

well as effectiveness and ethics in the production and consumption of health and 

health care in which these issues, collectively, are the important economic concepts 

in facilitating decision-making in health care. 

 

1.5.2 Economic efficiency 

Faced with the problem of resource scarcity, making the most efficient use of available 

resources is important to achieve economic efficiency. Palmer and Torgerson (1999) 



elucidated that economic efficiency can be obtained through maximising the benefit 

from given resources. Goodacre and McCabe (2002) categorised economic efficiency 

into two types - technical efficiency and allocative efficiency. 

 

Technical efficiency is about how best to achieve a given objective with the least 

possible expenditure. Gravelle and Rees (1992) explained that technical efficiency is 

about maximising the output obtained from given quantities of input. In their 

published articles in 2002, Goodacre & McCabe and Shiell et al., further elucidated 

that, if there are two possible ways to achieve a given objective, the most technically 

efficient option will be that which of the two possible options should be chosen to 

meet the specified objective at the lowest cost.   

 

Allocative efficiency is about deciding which objective to meet between all the 

objectives that compete with one another for implementation. Precisely, allocative 

efficiency is about deciding which competing activity (i.e. service, programme or 

health technology) should resources be allocated to. Goodacre and McCabe (2002) 

explained that, allocative efficiency can be determined by making a value judgement 

about relative merits of different objectives; decision must be made on which 

objective is most worthwhile meeting rather than which intervention will best meet 

our objective alone.  

 

Deciding which objectives are worthwhile meeting will require some sort of value 

judgement. Because of a value judgement is required, economic evaluation will play a 

vital role in decision-making process to inform and illuminate issues of allocative 

efficiency (Goodacre and McCabe, 2002). Health economic data provide information 

about how much one will need to pay to achieve every objective and what health 

benefits one might expect from achieving certain objectives, such as how many lives 

will be saved by carrying out a specific activity (Goodacre and McCabe, 2002). Further 

details about economic evaluation of health care are discussed in section 1.6. 

 

1.5.3 Welfarism 



Economic evaluation with respect to health care and health policy is an evaluation 

employing a broad set of analytical techniques to describe and compare the benefits 

and costs of competing uses of health care resources to improve the health of 

individuals, patient groups and populations. Drummond and colleagues (2015) 

described that economic evaluation is regarded as normative as value judgements are 

unavoidable for economists when concluding that one treatment option is better 

value for money compared to another after weighing up both the benefits and costs 

based on ethical and ideological values held by an individual or society. More 

importantly, it is concerned with how benefits are to be measured and valued, and 

how conclusions about the desirability of any given option are to be made i.e. whether 

such trade-offs made are acceptable and desirable within the context of value 

judgements. 

 

Boadway and Bruce (1984) defined welfare economics or welfarism as a systematic 

methodological approach of evaluating economic implications of alternative resource 

allocations i.e. assessing the social desirability of one state of the world or resources 

allocation, purely in terms of the utility obtained by individuals, variously defined as 

the happiness, satisfaction, well-being or preference. Mishan (1981) and Boadway & 

Bruce (1984) described welfare economics as a normative allocation economics and is 

concerned with formulating and justifying propositions by which alternative social 

states, for example how scarce health care resources are allocated, may be ranked in 

a logical and consistent manner. The main objective of welfare economics according 

to Boadway and Bruce (1984) is to provide a coherent ethical framework for making 

meaningful statements in a normative way of thinking about the relative social 

desirability of different states of the world. A dominant ethical framework in welfare 

economics according to Hurley (2000) has been developed for assessing whether 

some states of the world are as better than or socially preferable to others and is built 

on four key tenets (Hurley, 2000) as explained below: 

 

(1) The utility principle- Individuals behave in a manner that is utility maximising. 

This means that individuals are assumed to maximise their welfare in terms of 



utility in a rational way by ordering the options open to them and subsequently 

choosing the preferred option.  

(2) Individual sovereignty (Individualism)- Individuals are themselves the best 

judges of what is good for them, that is, what maximises their welfare in terms 

of utility they derive from different states of the world (i.e. what contributes 

most to their utility and how much that contribution is). In welfare economics, 

social welfare, a measure of the well-being of society as a whole, is therefore 

the sum of the utilities of all individual members of society. 

(3)  Consequentialism- This indicates that individuals derive utility from the 

outcomes of their choices, as opposed to, for instance, the processes 

themselves. In other words, utility is derived only from the outcomes of 

individuals’ behaviour and processes in terms of their consumption of specific 

types and quantities of goods and services rather than the processes 

themselves.  

(4) Welfarism- The term Welfarism here implies that the goodness or desirability 

of a state of the world is judged solely by the levels of utility attained by 

individuals in that state of the world. This means that this tenet only takes 

account the individual preferences in social rankings of states of the world. This 

effectively diminishes the information to be considered in any individual or 

social ranking of states of the world (i.e. the evaluative space) to only utility. 

On the whole, this tenet restricts what can be considered in an evaluation (i.e. 

the evaluative space) to individual utility only, ignoring all other possible 

outcomes (or are often generically labelled as non-utility information) which 

may be diverse. 

 

Together, the above four tenets build the dominant welfare economic framework with 

the distinct feature that only individual utilities are allowed to determine the 

desirability of different states of the world. Given the objective of welfare economics 

is to devise a decision rule that allows the social desirability of all states of the world 

to be ranked in a logical and consistent manner which is to be based strictly on each 

individual’s utility for that state, it is inevitable that the relative desirability of different 

states of the world and the appropriate trade-offs between individuals’ utility must be 



made. To do this within the welfare economics context that defines feature as a 

normative framework for social choice, the basic judgement to be used for this is the 

Pareto principle. 

 

Pareto principle according to Brouwer et al. (2008) and Morris et al. (2012) consists of 

two type of improvement: a ‘weak’ Pareto improvement and a ‘strong’ Pareto 

improvement. A ‘weak’ Pareto improvement is a change in the state of the world that 

increases the utility of all affected individuals, whereas, a ‘strong’ Pareto improvement 

is a change in the state of the world that increases the utility of at least one individual 

and does not involve utility loss of any other individual. When a state of the world has 

no further Pareto improvements can be made, this means a Pareto efficient or Pareto 

Optimal is reached. Brouwer et al. (2008) defined Pareto Optimal as a state of the 

world where an increase in one person’s utility can only be achieved by reducing the 

utility of at least one other person. Pareto principle according to Tsuchiya and Williams 

(2001), however has its limitations where it does not offer any methods of ranking 

different Pareto optimal states. Pareto principle does not concern with ‘who is better 

off, or about the relative size of people’s gains, but only that there are no losers’ in 

which Morris and colleagues (2012) argued that this is a rather fundamental problem. 

 

The potential solution to this is to go beyond the Pareto principle which is called 

Kaldor-Hicks criterion (also known as a potential Pareto improvement criterion) that 

uses the compensation test introduced by Kaldor (1939) and Hicks (1939) to evaluate 

people’s gains and losses in terms of their monetary and utility. Kaldor’s compensation 

test (Kaldor, 1939) suggests the gainers compensate those who lose, so that the losers 

are no worse off and the gainers can still be better off than before the policy. Similarly, 

Hicks’s compensation tests (Hicks, 1939) proposes benefit (loss) is the maximum 

(minimum) amount of money that must be taken away from (given to) an individual 

so that they are as well off after the change as before it, meaning that they return to 

the same level of utility they had before the policy. A Kaldor-Hicks improvement is 

achieved when the gainers are still better off in terms of utility after compensating 

those who lose with the intention that the whole society would end up no worse off 

than before (Kaldor, 1939; Hicks, 1939). However, there are a number of limitations 



to compensation tests. While compensation tests allow an overall efficiency in the 

improvement in society’s well-being (in utility terms) to be achieved, the tests may 

not in practice be accompanied by compensation (in monetary terms) for the loser 

(Morris et al., 2012; McIntosh et al., 2011). Morris and colleagues (2012) argued that 

this could result in a redistribution of wealth or well-being in favour of the gainer at 

the loser’s expense in which case this would violate the normative aspects of welfare 

economics. Further, they explained that compensation may be costly to negotiate and 

organise, and the use of money as a metric to represent the corresponding changes in 

utility for gainers and losers may be difficult in practice as different individuals value 

the utility they obtained from the compensation money differently. For example, 

given a situation where a low-income person is the loser (loss in utility) and a high-

income person is the gainer (gain in utility), it is assumed that a low-income person is 

more likely to value the additional utility obtained from each additional £1 of income 

higher than a high-income person (Morris et al., 2012). Using compensation tests, this 

means that the amount of money required to fully compensate the loser (the low-

income person) for their utility loss would be lower than the amount of money 

required to compensate the gainer (the high-income person) for foregoing the change 

(Morris et al., 2012). This Kaldor-Hicks criterion (or potential Pareto improvement 

criterion) forms an underlying rationale for cost-benefit analysis.  

 

Macintosh et al. (2011) described cost-benefit analysis as the applied side of modern 

welfare economics and uses a variant of the Pareto criterion by placing monetary 

values on the gains and losses to those affected by a change in the provision of a good 

e.g. health care. Macintosh et al. (2011) further reiterated that the net gain or loss 

from a policy change can be calculated and whether the change is potentially Pareto-

improving can also be determined. As a summary, economic evaluation of health care 

interventions allows analysts to evaluate whether certain 

programmes/treatments/medical technologies are worthwhile after weighing its 

benefits (in monetary terms and in the same unit as its costs) against its costs. 

 

Culyer (1990) explained that measuring social welfare within welfare economic 

framework, which consists Welfarism to individual utility only e.g. welfare, 



satisfaction, happiness or preference, is difficult because individuals’ valuation of their 

utility is affected by their characteristics, behaviour and circumstances. This in turn 

has raised the questions on the usefulness and appropriateness of welfarism in the 

context of health economics and medical decision making, hence, the attention for an 

alternative stream, called Extra-Welfarism was introduced (Seixas, 2017; Birch and 

Donaldson, 2003; Hurley, 2000; Hurley, 1998; Culyer, 1990). 

 

1.5.4 Extra-Welfarism 

Extra-Welfarism, like welfare economics seeks to make meaningful normative 

statements about the relative desirability of different states of the world. However, it 

is distinct from welfare economics in such a way that it rejects the tenet of Welfarism; 

one of the key characteristics of welfare economics that only uses individual utilities 

in a welfare evaluation (Boadway and Bruce, 1984). Extra-Welfarism is described as a 

development or an extension of the welfare economics framework being a more 

general framework of analysis that allows the inclusion of a range of possible 

outcomes (e.g. other aspects and characteristics of people such as their health, 

capabilities or potential achievements in society) as well as or instead of individual 

utilities in welfare judgements (Brouwer et al., 2008; Hurley, 1998; Culyer, 1990). 

Extra-welfarists argued that there is more to welfare than just individual preference-

based utilities that are important in deciding whether one state of the world is 

preferable to another (Brouwer et al., 2008); it is considered unsatisfactory as a 

normative underpinning of welfare judgements for the notion of welfarist that 

restricts what can be considered in the evaluation space to only individual’s 

experienced or anticipated utility (Hurley, 1998; Culyer, 1990). Hence, this explains 

the development of the extra-welfarist framework, a type of normative welfare 

economics but it is not welfarist according to Boadway and Bruce (1984), for deciding 

on the relative desirability of different states of the world.  

 

Extra-Welfarism was introduced and advocated especially by Anthony Culyer, a 

founding father of health economics, in health economics and medical decision 

making where health (or capability) of individuals has been the focus in the evaluative 

space (i.e. the evaluations of health economics and medical decision making) as an 



important human characteristic (Culyer, 1990). Health, which may be considered as 

an appropriate maximand in the context of healthcare decisions, is measured in QALYs 

(Morris et al., 2012; Brouwer et al., 2008; Culyer, 1990). Quality Adjusted Life Years 

(QALYs), a preference-based measure entailing and combining the main 

characteristics of human beings such as physical, mental and emotional health, has 

been proposed as an appropriate yet meaningful measure of health (Culyer, 1990). 

QALYs are used in the context of cost-utility analysis in economic evaluation of health 

care and medical decision making (see sections ‘Economic evaluation of health care’ 

and ‘Cost-utility analysis’ for further information about cost-utility analysis and QALY). 

Also, other relevant outcomes, for example, relief of burden to carers or improvement 

in disease-specific quality-of-life score, may be selected and included in the 

evaluation, next to relevant health measures; these other relevant health outcomes 

are used in the context of cost-effectiveness analysis in economic evaluation of health 

care and medical decision making (see sections ‘Economic evaluation of health care’ 

and ‘Cost-effectiveness analysis’ for further information about cost-effectiveness 

analysis). 

 

In summary, Extra-Welfarism allows outcomes such as health, capabilities or 

attainments of individuals other than individual utilities (e.g. welfare, happiness, life 

satisfaction or preferences) to be considered in a welfare economic evaluation. Thus, 

the extra-welfarism framework comprising the notion of welfare economics forms the 

theoretical concepts underpinning economic evaluations of health care and medical 

decision making (Coast et al., 2008a). 

 

1.6 Economic evaluation of health care 

Economic evaluation has become as an increasingly important assessment tool for the 

appraisal of health care (Drummond et al., 2015; Williams et al., 2008; Cunningham, 

2001), predominantly as a decision-making tool to help address resource allocation 

issue for a wide range of very different interventions in health care settings 

(Drummond et al., 2015; Drummond et al., 1996). In particular, for a publicly-funded 

health care system such as in the U.K., economic evaluation plays as an important 

structured approach to help decision makers choose between alternative ways of 



using resources. Decision makers (e.g. policy makers and health care commissioners) 

increasingly use the evidence of value for money of a programme along with its clinical 

outcome in their decision-making process to determine on how to allocate scarce 

resources in health care settings (Drummond et al., 2015). In short, economic 

evaluation is concerned with combining and evaluating costs and benefits together 

within an evaluative framework to provide meaningful information on the 

worthwhileness of particular resource allocation decisions in health care 

(Cunningham, 2001). There are five types of economic evaluation (Robinson, 1993a-

e; Gray et al., 2011; McIntosh et al., 2011; Drummond et al., 2015) – (1) cost-

effectiveness analysis (CEA); (2) cost-utility analysis (CUA); (3) cost-consequences 

analysis (CCA); (4) cost-benefit analysis (CBA); and (5) cost-minimisation analysis 

(CMA). Table 1.1 below presents an overview of the five types of economic evaluation 

(Yeo et al., 2019). Different types of economic evaluation are required in different 

health care studies, depending on what is being evaluated or targeted. Cost-

effectiveness and cost-utility analyses are the two types of economic evaluation that 

most commonly employed in health care studies and clinical research as actual health 

outcomes are usually of health policy makers’ and health care 

commissioners’/providers’ interests (Drummond et al., 2015). Both the cost-

effectiveness and cost-utility analyses are further described in Section 1.7 and 1.8 

below. 



Table 1.1: Overview of types of economic evaluation (Yeo et al., 2019) 

Types Outcome measure Number of 
health 
outcomes 

Unit of health 
outcome 

Unit of 
measure 

Cost-
minimization 
analysis 

Evidence proves that 
the outcome for 
competing alternatives 
are equivalent 

None None Cost (£) 

Cost-
effectiveness 
analysis 

Health outcomes are 
measured in natural 
units: e.g. life years 
gained, life saved, the 
number of cases 
detected, representing a 
main common goal for 
competing alternatives 

One Natural units: e.g. 
life years gained, 
life saved, the 
number of cases 
detected, etc. 

Cost (£) per 
additional unit 
of the main 
common goal 

Cost–utility 
analysis 

Health outcome is 
measured in quality-
adjusted life years 
(QALYs), a generic 
preference-based 
measure weighing the 
survival or the number 
of additional life years 
(quantity of life) by the 
quality of life (value) of 
the health state a 
person experienced in 
each year 

One QALYs Cost (£) per 
QALY gained 

Cost–benefit 
analysis 

Both costs and benefits 
(e.g. lost productivity 
averted, disability-
adjusted life year 
averted, case averted) 
are measured in 
monetary terms with 
the financial value of 
the costs compared with 
the financial value of 
the benefits 

Many Pound Sterling (£) Cost (£) 

Cost–
consequence 
analysis 

A disaggregated range 
of relevant outcomes 
and costs 

Many Varied Not a ratio 

 

 

 



1.7 Cost-effectiveness analysis 

Cost-effectiveness analysis (CEA) is a form of economic analysis that compares the 

relative costs and outcomes (health effects) of two alternatives of a given health 

intervention; it is used to assess the extent to which alternatives is more effective and 

less costly (Drummond et al., 2015; Glick et al., 2014). Cost-effectiveness analysis is 

different from cost-benefit analysis which places a monetary value to the measure of 

effect. In the case of cost-effectiveness analysis, the outcome of interest to both 

alternatives is expressed in natural units so that comparisons among alternatives can 

be made; the natural units used in cost-effectiveness analysis are, for example, life-

years gained, improvement in disease-specific quality-of-life score, average blood 

pressure improvement in mm Hg, lives saved, death avoided, or cases of disease 

averted (Phillips and Thompson, 2001). Cost-effectiveness analysis is expressed in the 

form of a ratio which is also known as Incremental Cost-Effectiveness Ratio (ICER)- 

ICER is calculated as the difference in costs (incremental costs) divided by the 

difference in effects (incremental effects) between two alternatives (Drummond et 

al., 2015; Glick et al., 2014; Gray et al., 2011; Phillips and Thompson, 2001). For a study 

that compares two alternatives say alternative 1 and alternative 2, the ICER can be 

calculated using the formula below: 

 

Incremental Cost-Effectiveness Ratio, ICER=                          

 

Where, 

C2 = Mean cost of alternative 2 

C1 = Mean cost of alternative 1 

E2 = Mean effect of alternative 2 

E1 = Mean effect of alternative 1 

 

The results of such comparisons (i.e. ICER) is expressed in the unit of cost per unit of 

health outcome or health effect gained (Drummond et al., 2015; Phillips and 

Thompson, 2001; Weinstein and Stason, 1977). The cost-effectiveness analysis result 

can be interpreted using cost-effectiveness plane diagram which consists of four 

quadrants. Figure 1.1 below shows the diagram of cost-effectiveness plane and 

C2 – C1 

E2 – E1 



threshold incremental cost-effectiveness ratios (Drummond et al., 2015; Glick et al., 

2014; Gray et al., 2011).  

 

Difference in costs and effects between two alternatives (say new treatment versus 

current treatment) can fall into one of four quadrants. Plots lie in (A) upper right 

quadrant (trade-off quadrant) shows that the new treatment is more effective and 

more costly, (B) lower right quadrant shows that the new treatment is more effective 

and less costly (new treatment dominates), (C) lower left quadrant (trade-off 

quadrant) shows that the new treatment is less effective and less costly, and (D) upper 

left quadrant shows that the new treatment is less effective and more costly (new 

treatment dominated) (Glick et al., 2014; Gray et al., 2011). The proportion of plots 

below the threshold ratio I (the dashed line) represents the probability of the new 

treatment or programme being cost-effective. In other words, the area to the right of 

the dashed line (the threshold ratio I) is the region of cost-effectiveness. This means 

the region of cost-effectiveness is determined by the threshold willingness-to-pay 

ratio. Figure 1.1 shows that the incremental ratio for programme K falls outside the 

acceptable range of the threshold ratio I and the programme might therefore be 

deemed ‘not cost-effective’ if threshold ratio I is set as the maximum willingness-to-

pay; however, if the maximum willingness-to-pay is increased to threshold ratio II (the 

dotted line), then programme K would be deemed cost-effective (Drummond et al., 

2015).  

 

 

 

 

 

 

 

 

 

 



Figure 1.1: Cost-effectiveness plane and threshold incremental cost-effectiveness 
ratios. 

 
 

1.8 Cost-utility analysis 

Cost-utility analysis (CUA) is a form of cost-effectiveness analysis that compares the 

incremental cost of a programme from a particular perspective to the incremental 

health improvement attributable to the programme (Drummond et al., 2015). In cost-

utility analysis, the incremental health effect is expressed in the unit of quality-

adjusted life-years (QALYs) (Drummond et al., 2015; Phillips and Thompson, 2001). 

Cost-utility analysis uses the similar ratio formula as for the cost-effectiveness analysis 

to calculate incremental cost-utility ratio (ICUR). 

 

ICUR is expressed as cost per QALY gained (Drummond et al., 2015; Phillips and 

Thompson, 2001). As shown in the ICUR formula below, ICUR is calculated as the 

difference in costs divided by the difference in QALYs between two alternatives (e.g. 

services, treatments or health care technologies) (Drummond et al., 2015; Glick et al., 

2014; Gray et al., 2011; Phillips and Thompson, 2001). For comparison between two 



treatment groups say group 1 (Control group) and group 2 (Intervention group), the 

ICUR is calculated using the formula below: 

 

Incremental Cost-Utility Ratio, ICUR=                          

 

Where, 

C2 = Mean cost of group 2 (Intervention group) 

C1 = Mean cost of group 1 (Control group) 

U2 = Mean QALY of group 2 (Intervention group) 

U1 = Mean QALY of group 1 (Control group) 

 

Comparing ICUR equation with ICER equation, they clearly show similarity, the only 

different is their denominator (i.e. incremental health effect). For ICUR equation in 

cost-utility analysis, its denominator is always measured in the unit of QALYs, a generic 

measure of health status that account for benefits on both quantity of life (survival) 

and quality of life (Drummond et al., 2015; Glick et al., 2014). Whereas for ICER 

equation in cost-effectiveness analysis, its denominator can be expressed in different 

natural units (such as life-years saved or cases averted), depending on what is the 

outcome of interest being evaluated in a study. Having health effects measured in 

different units in cost-effectiveness analysis limits its potential use in health care 

decision-making for policy makers and health care commissioners as it is difficult for 

comparisons of different studies for different disease areas, or different population 

groups. In contrast, cost-utility analysis uses QALY as a common unit of effect has the 

advantage of facilitating comparisons of health interventions across different 

conditions or disease areas.  

 

Undoubtedly, the broad applicability of cost-utility analysis has made it more useful 

to decision-makers than is cost-effectiveness analysis that uses a measure of outcome 

specific to the programme under study (Drummond et al., 2015). The National 

Institute for Health and Clinical Excellence (NICE), the governing body for health in the 

UK serving the National Health Service (NHS) both in England and Wales, has 

recommended the use of QALYs as the preferred measure of health effects delivered 

C2 – C1 

U2 – U1 



by various programmes or treatment regimens (NICE, 2013). This is because QALYs 

have the advantages that they combine multiple dimensions of outcome, i.e. both 

survival and quality of life, into a single measure that allows comparisons to be made 

across studies in different areas (Drummond et al., 2015; Glick et al., 2014; NICE, 

2013). With health care programmes or interventions always aim to impact on 

individuals’ length of life (survival) and health-related quality of life, QALY that seeks 

to reflect these two aspects in a single measure is therefore recognised as the generic 

measure of outcome and has been used in a wide range of clinical studies (Drummond 

et al., 2015). The results of cost-utility analysis can be interpreted using the cost-

effectiveness plane in a similar way as in cost-effectiveness analysis (for further details 

about cost-effectiveness plane, see Figure 1.1 in the ‘Cost-effectiveness analysis’ 

section above). In cost-utility analysis, to determine whether a given 

programme/intervention or health care technology gives good value for money, the 

NICE in England and Wales has suggested to use a threshold range of £20,000 to 

£30,000 per QALY gained as a benchmark of willingness-to-pay for a unit of health 

gained (NICE, 2013).  

 

1.9 Economic evaluation alongside clinical trials 

Economic evaluation of health care interventions is frequently based upon 

prospective randomised clinical trials, but such evaluations are being made within the 

context of randomised clinical trials rather than being pursued as a stand-alone 

exercise (Adams et al., 1992; Drummond and Davies, 1991). O’Sullivan and colleagues 

(2005) argued that there are several potential advantages for economic analysis being 

piggybacked onto prospective randomised clinical trials compared to modelling 

studies that use retrospective data for its analysis and other types of economic 

assessments; the advantages are: (1) it is practical to collect patient-level economic 

data on costs (e.g. health resource use data) and outcomes (e.g. quality of life data) 

alongside a trial as personnel and processes for data collection are already in place for 

study’s clinical measures; and (2) in terms of costs, it is often more viable to integrate 

economic components into a clinical trial rather than to fund a separate stand-alone 

economic evaluation study at a later date. 

 



For a trial-based economic evaluation study, it is therefore important for health 

economists to be on board at the pre-funding stage (e.g. study design stage) through 

to the post-funding stages (e.g. study execution stage) so they can advise on how, 

when and what economic data on outcome and cost should be collected alongside the 

trial for use in economic evaluation (Glick et al., 2014; William et al., 2009). This is also 

to ensure that appropriate tools be employed to collect economic data on outcome 

and cost alongside clinical trials.  

 

Among the five forms of the economic evaluation measures, NICE in the UK 

recommends undertaking cost-utility analysis (CUA), whether alongside a clinical trial 

or in an economic decision model, to help inform resource allocation decisions on 

which interventions/treatments/programmes to fund (NICE, 2013; Phillips and 

Thompson, 2001). In cost-utility analysis, benefits are measured in quality-adjusted 

life years (QALYs). It is widely recognised that using QALY as the measure of effect for 

assessing cost-effectiveness of new health care interventions/treatments/programs 

provides a standardised framework that allows comparison of value of interventions 

across different diseases and population groups (Drummond et al., 2015).  

 

1.9.1 Quality-Adjusted Life Year (QALY) 

QALY is a metric generated by combining two components – (i) quantity of life (the 

length of life i.e. the average number of years individuals spend in each particular 

health state) and (ii) quality of life (the health-related quality of life utility score of 

individuals i.e. a preference or utility weight associated with that health state) – into 

a single index (Brazier et al., 2007; Glick et al., 2014). To obtain the quality of life 

component to calculate the QALY in health economics to evaluate health care 

interventions in terms of their cost-effectiveness, generic preference-based measures 

(GPBMs) have been developed to include in clinical trials to collect individuals’ health 

state data. The unique health state data collected would then be converted to health 

state utility value/score using a value set of preference weights, for each completion 

of the measure (Brazier et al., 2017; Brazier et al., 2007).  

 

 



1.9.2 Generic Preference-Based Measures (GPBMs) 

Generic preference-based measures (GPBMs) are also known as multi-attribute utility 

scales measures. Examples of GPBMs include the Quality of Well-being Self-

administered (QWB-SA) scale (Pyne et al., 2003), the Health Utilities Index version 3 

(HUI3) (Feeny et al., 2002), the EuroQoL-5 Dimension-3 Levels (EQ-5D-3L) (Dolan, 

1997), the EuroQoL-5 Dimension-5 Levels (EQ-5D-5L) (Herdman et al., 2011), the Short 

Form-6 Dimensions (SF-6D) (Brazier et al., 2002), 15-Dimensional (15-D) (Sintonen, 

2001) and the Assessment of Quality of Life-8 Dimensions (AQoL-8D) (Richardson et 

al., 2014). These preference-based measures vary greatly in terms of the content and 

size of their descriptive systems, the methods of valuation, and the population used 

to value the health states (most use a general population sample), though they all are 

claimed to be generic which they can be used in any population groups across 

different diseases/conditions (Brazier et al., 2017). A summary of the main 

characteristics of these six preference-based measures is presented in two separate 

Tables below - Table 1.2 and Table 1.3 (adapted from the review work of GPBMs by 

Brazier and colleagues (2017)). Table 1.2 summarises the descriptive systems of these 

measures, including their dimensions, severity levels and total number of health state 

combinations; Whereas, Table 1.3 summarises their valuation methods in terms of 

their valuation technique and type of model used. 

 

Table 1.2: Descriptive systems of GPBMs (Brazier et al., 2017) 

Measure Total no. of 

dimensions 

Dimensions Total no. of 

severity levels 

Total no. of health 

state combinations 

15D 15 Breathing, depression, 

discomfort/symptoms, distress, 

eating, elimination, hearing, mental 

function, mobility, sexual activity, 

sleeping, speech, usual activities, 

vision vitality 

4-5 31 billion 

AQoL-8D 8 Coping (n = 3 items), happiness (4), 

independent living (4), mental 

health (8), pain (3), relationship (7), 

self-worth (3), senses (3) 

4-6 2.37 x 1023 



EQ-5D-3L/ 

EQ-5D-5L 

5/ 

5 

Anxiety/depression, mobility, 

pain/discomfort, self-care, usual 

activities 

3/ 

5 

243/ 

3125 

HUI3 8 Ambulation, cognition, dexterity, 

emotion, hearing, pain, speech, 

vision 

5-6 972,000 

SF-6D 6 Energy, mental health, pain, 

physical functioning, role limitation, 

social functioning 

4-6 18,000 (SF-36 v1), 

18,750 (SF-36 v2) 

and 7500 (SF-12) 

QWB-SA 3 (+68) Mobility, physical activity, social 

functioning; 68 

symptoms/problems 

2 945 

 

Table 1.3: Valuation methods of GPBMs (Brazier et al., 2017) 

Measure Country Valuation technique Type of model Health State 

Utility Value 

range# (min, 

max) 

15D Finland VAS MAUT additive 0.11, 1 

AQoL-8D Australia VAS transformed into 

TTO 

MAUT multiplicative 

and statistical 

-0.04, 1 

EQ-5D-3L/ 

 

EQ-5D-5L 

3L: UK, USA and 16 

others/ 

5L: UK and others 

3L: Ranking, TTO, VAS/ 

 

5L: TTO, DCE  

Statistical additive 

 

Statistical additive 

3L UK: -0.59, 1 

 

5L UK: -0.208, 

1 

HUI3 Canada, France VAS transformed into SG MAUT multiplicative -0.36, 1 

SF-6D UK and 5 others SG, ranking 

V2: DCE with duration 

Statistical additive 

with interaction term 

0.301, 1 

QWB-SA USA VAS Statistical additive, 

except for 

symptom/problem 

complexes 

0.08, 1 

# Health state utility values anchored at 1 representing full health, 0 (death) and values below 0 (worse than death) 

15D: 15-dimensional; 3L: 3 levels; 5L: 5 levels; AQoL-8D: Assessment of Quality of Life 8 dimensions; DCE: discrete 

choice experiment; EQ-5D: EuroQol-5 Dimensions; GPBM: generic preference-based measure; HSUV: health state 

utility value; HUI3: Health Utility Index version 3; MAUT: multi-attribute utility theory; QWB-SA: Quality of Well-

being Self-administered; SF-6D: Short Form 6 dimensions; SG: standard gamble; TTO: time trade-off; VAS: visual 

analogue scale; V2 version 2. 

 



Of the six generic preference-based measures, EQ-5D, HUI3 and SF-6D are the three 

most frequently used measures (Longworth et al., 2014; Richardson et al., 2014; 

Brazier et al., 2017). Amongst these three frequently used measures, EQ-5D is the 

most widely used instrument by far and it is UK NICE’s preference in 2008 (NICE, 2008) 

and then in 2013 (NICE, 2013) for assessing individuals’ health-related quality of life 

for cost-utility evaluation in health care technology assessments. EQ-5D is a self-

complete questionnaire that can be easily included in studies such as clinical trials or 

routine data collection systems with little respondent burden, and the existing scoring 

algorithms are easily used to generate the health state utility values for each 

completion of the measure (Brazier et al., 2017).  

 

EQ-5D is the shortest generic preference-based measure with the smallest number of 

descriptive systems compared to all other above mentioned generic measures (15D, 

SF-6D, HUI3, QWB-SA and AQoL). Among the three most frequently used measures 

(EQ-5D, HUI3 and SF-6D), the 3-Level version of the EQ-5D (EQ-5D-3L) has the smallest 

descriptive system that comprises five dimensions (mobility, self-care, usual activities, 

pain/discomfort, and anxiety/depression) with three levels of severity in each of the 

five dimensions (no problems, some problems, extreme problems) (EuroQoL Group, 

2021). The combination of the dimensions and levels of the EQ-5D-3L defines a total 

of 243 health states. Then, a new 5-Level version of EQ-5D (namely EQ-5D-5L) was 

later (recently) introduced to further improve the sensitivity of the EQ-5D-3L and 

reduce ceiling effects by increasing the number of severity levels from three to five 

(Devlin and Brooks, 2017; Herdman et al., 2011). The EQ-5D-5L descriptive system 

comprises the same five dimensions as the EQ-5D-3L (mobility, self-care, usual 

activities, pain/discomfort, and anxiety/depression), but it has five severity levels (no 

problems, slight problems, moderate problems, severe problems, unable to/extreme 

problems) in each of the five dimensions (EuroQoL Group, 2021). This means the 

combination of the dimensions and levels of EQ-5D-5L generates a higher number of 

health states than EQ-5D-3L’s, that is a total of 3125 states (Brazier et al., 2017). Table 

1.4 below shows the details of the classification of the 3-Level and 5-Level versions of 

the EQ-5D. 

 



Table 1.4: EQ-5D-3L and EQ-5D-5L classification (EuroQoL Group, 2021). 

Dimension EQ-5D 

version 

Level Description 

Mobility  3-Level 1 

2 

3 

I have no problems in walking about 

I have some problems in walking about 

I am confined to bed 

5-Level 1 

2 

3 

4 

5 

I have no problems in walking about 

I have slight problems in walking about 

I have moderate problems in walking about 

I have severe problems in walking about 

I am unable to walk about 

Self-care 3-Level 1 

2 

3 

I have no problems with self-care 

I have some problems washing or dressing myself 

I am unable to wash or dress myself 

5-Level 1 

2 

3 

4 

5 

I have no problems washing or dressing myself 

I have slight problems washing or dressing myself 

I have moderate problems washing or dressing myself 

I have severe problems washing or dressing myself 

I am unable to wash or dress myself 

Usual activities (e.g. 

work, study, housework, 

family or leisure 

activities) 

3-Level 1 

2 

3 

I have no problems with performing my usual activities 

I have some problems with performing my usual activities 

I am unable to perform my usual activities 

 5-Level 1 

2 

3 

4 

5 

I have no problems doing my usual activities 

I have slight problems doing my usual activities 

I have moderate problems doing my usual activities 

I have severe problems doing my usual activities 

I am unable to do my usual activities 

Pain/discomfort 3-Level 1 

2 

3 

I have no pain or discomfort 

I have moderate pain or discomfort 

I have extreme pain or discomfort 

 5-Level 1 

2 

3 

4 

5 

I have no pain or discomfort 

I have slight pain or discomfort 

I have moderate pain or discomfort 

I have severe pain or discomfort 

I have extreme pain or discomfort 

Anxiety/depression 3-Level 1 

2 

I am not anxious or depressed 

I am moderately anxious or depressed 



3 I am extremely anxious or depressed 

 5-Level 1 

2 

3 

4 

5 

I am not anxious or depressed 

I am slightly anxious or depressed 

I am moderately anxious or depressed 

I am severely anxious or depressed 

I am extremely anxious or depressed 

 

Subjects’ responses to the five dimensions in the 3-Level or 5-Level version of EQ-5D  

would give a unique health state data. The health state data enables a health state 

utility value/score to be generated using a value set of preference weights, for each 

completion of the measure (Brazier et al., 2017; Brazier et al., 2007). EQ-5D-3L and 

EQ-5D-5L utility values/scores range from -0.594 to 1 and -0.208 to 1, respectively, 

where negative values (i.e. values less than 0) define a state as ‘worse than death’, 0 

is the value of a health state equivalent to death, and 1 is the value of a health state 

representing full health (EuroQol Group, 2021). 

 

To collect data on health state valuations to provide preference weights for all health 

states defined within the descriptive system of GPBMs, several techniques, as 

summarises in Table 1.3 above, are used for valuing the health states. The two most 

common techniques of valuation used across the six GPBMs have been Time Trade-

Off (TTO) and Standard Gamble (SG) techniques (Brazier et al., 2017). Both of these 

techniques are choice-based methods which most economists have advocated for. 

TTO is a valuation method where subjects are asked to trade life years in the given ill-

health state for a better health state in full health; Whereas, SG is a method that 

determines the risk of death that subjects are willing to take to avoid death in order 

to be in full health (Brazier et al., 2017). The valuation technique used for EQ-5D-3L is 

TTO as well as ranking and visual analogue scale (VAS); whereas, for EQ-5D-5L, discrete 

choice experiment (DCE) technique has been used as a hybrid model with TTO to value 

health states. DCE is a method used to elicit subjects’ preferences where subjects are 

asked to make a choice over different hypothetical alternatives (Ryan et al., 2008). In 

the development of both EQ-5D-3L and EQ-5D-5L, a representative sample of the UK 

general population were asked to undertake a national survey to elicit health state 



valuations for use in converting any health state into a single summary health index 

score (Dolan, 1997; Kind et al., 1999; Devlin et al., 2016).  

 

1.10 Challenges in cost-utility analysis of health care interventions 

While EQ-5D is a generic preference-based health-related quality of life measure and 

is NICE’s preference for measuring health-related quality of life in cost-effectiveness 

analysis, there are concerns about the EQ-5D instrument in terms of its content 

validity and responsiveness in the presence of some conditions. Content validity 

describes the extent to which the classification comprehensively covers the different 

dimensions of a health condition and whether any important ones are missed. For 

instance, the absence of cognition in EQ-5D making the measures less valid in 

dementia (Brazier et al., 2017). Furthermore, it is important for analysts to examine 

whether the specific content of the item of a measure seems relevant to the concept 

they wish to measure. For example, the ‘mobility’ domain in the EQ-5D-5L, that is 

concerned with ‘walking’, may not be relevant for use in wheelchair user populations. 

In terms of responsiveness, in general, GPBMs have been shown to be unresponsive 

in some conditions (Brazier et al., 2017). Responsiveness of a generic instrument is 

related to the construct validity of the instrument that has the capacity to discriminate 

and the ability to respond to change over time; When an instrument is not able to 

reflect changes or differences in a population or seems to be less responsive to change 

compared to another measure (e.g. small standardised differences or changes), it is 

then described as being insensitive (Brazier et al., 2017; Whynes et al., 2013). 

 

It is important to consider the potential insensitivity of the EQ-5D instrument in certain 

conditions (as opposed to the condition-specific measures which are potentially 

‘overly sensitive’ and measuring differences that are not clinically meaningful – for 

example small difference in quality-of-life that people consider not important enough 

to trade for life expectancy in the utility valuation exercise). A summary critique of the 

literature below gives greater breadth and depth of the potential insensitivity of the 

EQ-5D for some medical conditions. From a review of GPBMs by Brazier and colleagues 

(2017d), evidence on EQ-5D suggests that EQ-5D is able to detect differences in many 

conditions including rheumatoid arthritis, many cancers such as lymphoma, and 



depression (Herdman et al., 2020; Longworth et al., 2014; Brazier et al., 2014), 

musculoskeletal disease (Conner-Spady and Suarez-Almazor, 2001) and liver disease 

(Longworth and Bryan, 2003), but not able to reflect important differences/changes 

in the health outcomes associated with certain conditions (e.g. poor performance of 

EQ-5D in vision and hearing (Gandhi et al., 2020; Brazier et al., 2017a; Luo et al., 2015; 

Longworth et al., 2014), dementia (Hounsome et al., 2011), complex and severe 

mental health such as schizophrenia and bipolar disorder (Brazier et al., 2014), chronic 

obstructive airways disease (Harper et al., 1997)). In line with this, other studies have 

also discussed about the EQ-5D being insensitive to capture clinically important 

aspects of certain conditions, such as functional and symptomatic gains from a health 

care intervention (Pennington et al., 2020; Wichmann et al., 2017; Pettitt et al., 2016; 

Chevreul et al., 2015; Payakachat et al., 2015; Yang et al., 2015; Mulhern et al., 2013; 

Tosh et al., 2012; Whitehead and Ali, 2010; Willems et al., 2009).  

 

1.11 Development of methods to overcome challenges in cost-utility analysis of 

health care interventions 

 

As the challenges in cost utility analysis (CUA) of health care interventions remains an 

issue in certain disease specific areas, researchers have developed multiple 

approaches in an effort to overcome the challenges in CUA of health care 

interventions. The most widely discussed among all the approaches is the 

development of a new EQ-5D, namely EQ-5D-5L. It is developed as an alternative to 

the EQ-5D-3L (EuroQoL Group, 2021) to further improve the EQ-5D’s sensitivity and 

reduce ceiling effects (Jassen et al., 2013). EQ-5D-5L describes health in the five EQ-

5D dimensions in greater detail as the number of descriptive levels for each dimension 

is increased from three to five. Studies reported that the EQ-5D-5L has superior 

psychometric properties compared to the EQ-5D-3L (Janssen et al., 2013; 

Agborsangaya et al., 2014). In terms of dimensions, EQ-5D-5L covers the same 5 core 

dimensions of health as in the EQ-5D-3L: mobility, self-care, usual activities, 

pain/discomfort, and anxiety/depression. Keeping these five core dimensions the 

same are useful in assessing the health-related quality of life of individuals with a wide 

range of health conditions. However, they might not adequately capture clinically 



important aspects of some conditions such as conditions affecting sensory functions 

like vision or hearing (Longworth et al., 2014) and mental health conditions affecting 

cognition (Hounsome et al., 2011). 

 

To address this issue, preference-based health-related quality of life measures 

specially developed for specific conditions have been rising fast to improve EQ-5D 

sensitivity. The condition-specific preference-based health-related quality of life 

measures have been developed to extend the EQ-5D instrument to cover more 

dimensions – This is done by adding additional items (‘bolt-on’ dimensions) to the 

existing EQ-5D (e.g. EQ-5D with Vision ‘Bolt-On’ (Longworth et al., 2014)). Recent 

vision studies reported that a vision ‘bolt-on’ EQ-5D (Longworth et al., 2014; Luo et 

al., 2015; Gandhi et al., 2020), an extension of the EQ-5D instrument to cover vision 

dimension for patients with visions problems, appears to be more sensitive than the 

original EQ-5D (without ‘bolt-on’) in age-related macular degeneration (AMD) 

(Peixoto et al., 2021) and cataract (Gandhi et al., 2020). Further, another method has 

been proposed which is by transforming a condition-specific health-related quality of 

life instrument into a condition-specific preference-based health-related quality of life 

instrument (e.g. development of DemQoL-U and DemQoL-Proxy-U instruments from 

DemQoL and DemQoL-Proxy, respectively (Mulhern et al., 2013), and VFQ-UI from 

VFQ-25 (Brazier et al., 2017a, Rentz et al., 2014)). Figure 1.2 below shows a chart 

depicting the different methods of improving preference-based measure’s (PBM’s) 

sensitivity for certain conditions for cost-utility analysis. 

 



Figure 1.2: A chart depicting the different methods of improving preference-based 
measure’s (PBM’s) sensitivity for certain conditions for cost-utility analysis. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Generic PBM 

A 5-Level version of the 

EQ-5D (EQ-5D-5L) is 

developed by the 

EuroQol Group to 

improve sensitivity and 

reduce ceiling effects 

(Herdman et al., 2011; 

EuroQol Group, 2021). 

Condition-Specific PBM 

Use of “bolt-on” dimensions to 

existing generic instruments, like 

adding additional cognition, vision 

or hearing dimensions to the EQ-5D 

(Longworth et al., 2014; Sampson 

et al., 2019; Finch et al., 2019; Finch 

et al., 2021; Mulhern et al., 2022). 

Condition-Specific PBM 

Develop condition-specific 

preference-based measures 

(CSPBMs), such as DemQoL-U, 

DemQoL-Proxy-U, VFQ-UI, FACT-

8D, from their respective 

condition-specific measure (e.g. 

DemQoL-U from DemQoL, 

DemQoL-Proxy-U from DemQoL-

Proxy, VFQ-UI from VFQ-25, 

FACT-8D from FACT-G) (Brazier et 

al., 2012; Mulhern et al., 2013; 

Rentz et al., 2014; Herdman et al., 

2020; King et al., 2021). 

 

QALY 

Produce Health State Utility Value/Score 



Each method discussed above has both strengths and weaknesses. Development of 

condition-specific preference-based measures (e.g. DemQoL-U, DemQoL-Proxy-U) 

from their respective condition-specific measure (e.g. DemQoL, DemQoL-Proxy) is a 

complex development process that involves four phases: phase 1 – derivation of the 

health-state classification system; phase 2 – general population valuation survey and 

modelling to produce values for every health state; phase 3- patient/carer valuation 

survey; and phase 4 – application of measures to trial data. This shows that the 

development process for this method of transforming a condition-specific measure 

into a condition-specific preference-based measure is not only complex but also 

resource intensive. An external data set is also required to validate the classification 

systems of the developed condition-specific preference-based measures. Similarly, for 

the method of adding additional items (‘bolt-on’ dimensions) to multi-attribute utility 

instruments such as the existing EQ-5D-3L and EQ-5D-5L instruments, its 

development, assessment, and selection process of candidate ‘bolt-on’ descriptors is 

also a multiphases process and resource intensive. The use of ‘bolt-on’ dimensions of 

health to the EQ-5D has been proposed as a method to improve the content validity, 

its coverage, sensitivity, and responsiveness of the descriptive system in certain 

settings and health conditions in which the existing EQ-5D descriptive system may not 

be sensitive to the health impacts of certain conditions. While both of the above-

mentioned methods have the same aim to improve the EQ-5D’s sensitivity to change 

in certain conditions, their development process is undeniably complex, time-

consuming and resource intensive. Furthermore, one other alternative to developing 

new measure is to undertaking mapping exercise which is described well in Wailoo et 

al. (2017). 

 

Besides the different methods shown in Figure 1.2 above, in this thesis, I would like to 

further explore the potential use of disease-specific measure in cost-utility analysis 

using the method first tried in the MORTISE trial, by my colleagues and I, in other 

disease areas – gastro-oesophageal cancer and ophthalmology where the trials’ 

datasets were available and accessible for use for the exploratory study for this PhD 

study. To fit with the purpose of the exploratory study in this thesis, minor 

modification to the hybrid method first tried in the MORTISE trial was performed to 



allow assessment of generalisability of the approach (see Chapter 5 for further 

details).  

 

In most trials, disease-specific measures are commonly collected independently 

alongside generic preference-based measure like the EQ-5D. However, in terms of 

QALY calculation for cost-utility analysis, disease-specific health-related quality of life 

measures are not always utilised in QALY calculation for cost-utility analysis. In other 

words, QALY is usually calculated from the health index score generated solely from 

the generic preference-based HRQoL instrument (e.g. the EQ-5D) despite a disease-

/condition-specific HRQoL instrument is also used in trials.   

 

Given the issue of lack of sensitivity of the existing EQ-5D instrument in certain disease 

areas, this poses the question as to whether the CUA results of health care 

interventions, that solely used EQ-5D, are robust and comprehensive enough to 

facilitate decision-making in health care settings. To ensure that generated QALY 

estimates cover all aspects of individual’s conditions, incorporating disease-

/condition-specific measure into QALY calculation might be an approach worth 

exploring to further improve QALY sensitivity in certain disease areas, and hence the 

quality of CUA results. The potential method that was first tried in the MORTISE trial 

allows the disease-/condition-specific measure collected in a trial be incorporated into 

the calculation of QALY using regression method.  

 

The potential method first tried in the MORTISE trial was novel; my colleagues and I, 

as the lead trial health economist (Edwards et al., 2015), found that incorporating the 

condition-specific measure of the MORTISE trial (that is the Foot Health Thermometer, 

FHT) into QALY calculations did enhance the cost-utility analysis results of the trial. To 

obtain a more precise CUA results of health care interventions, this seems to be a 

worth exploring approach in studies/trials that have collected both EQ-5D and 

condition-specific measure independently in one single trial/study but only EQ-5D is 

utilised in QALY calculations. 

 



To our knowledge, to date, the potential method first tried as a sensitivity analysis in 

the MORTISE trial that seems to make the QALY more sensitive and disease-specific 

has not been undertaken in other studies in other disease areas where both the EQ-

5D and disease-specific health-related quality of life data are independently collected 

in one single study. 

 

For this reason, with the available limited PhD resources and the accessible trials’ 

dataset, I would like to conduct an exploratory study in this thesis to further explore 

the transferability/generalisability of the hybrid approach first tried in the MORTISE 

trial (Morton’s neuroma study) in other disease areas e.g. gastro-oesophageal cancer 

(COGNATE trial) and ophthalmology (CLARITY trial) in cost-utility analysis for this PhD 

study (see Chapter 5 in this thesis for further discussions about this exploratory study).  

 

1.12 An overview of the method first tried in the MORTISE trial of strengthening 

cost-utility analysis results 

As there are concerns over the insensitivity of the EQ-5D-3L to change and the 

MORTISE trial was conceived before the EQ-5D-5L was developed, it stimulated the 

MORTISE team members to find a method of strengthening cost-utility analysis results 

in the MORTISE trial, which the method produced QALY estimates that incorporated 

with condition-specific measure of the MORTISE trial (i.e. Foot Health Thermometer, 

FHT). This was done by regressing the EQ-5D-3L data collected from the MORTISE 

participants as the dependent variable on their condition-specific measure data (i.e. 

FHT) as independent variable, with allocated treatment as the covariate. The resulting 

regression equation provides two complementary functions: First, it converts 

participants’ responses to the FHT into utilities on the original EQ-5D-3L scale; Second, 

it uses the greater discrimination achieved by the FHT to fill gaps in the simplistic 

three-point scales that characterised the original EQ-5D-3L (Edwards et al., 2015). 

 

In this thesis, the available accessible datasets from the two large clinical trials – 

COGNATE trial and CLARITY trial – were used for conducting an exploratory study to 

explore the potential use of disease-specific measure in cost-utility analysis in other 

disease areas using the simple linear regression method first tried in the MORTISE trial, 



as explained above, with minor modification to fit the purpose of the exploratory 

study. COGNATE trial (Trial registration: ISRCTN1444215) (Russell et al., 2013) was a 

cancer study, funded by the Health Technology Assessment (HTA), that assessed the 

effectiveness and cost-effectiveness of endoscopic ultrasound in the management of 

patients with gastro-oesophageal cancer. In the COGNATE trial, EQ-5D-3L was used as 

the generic preference-based health-related quality of life measure, and FACT-G and 

FACT-AC were used as the condition-specific health-related quality of life measures. 

Whereas in the CLARITY trial (Trial registration: ISRCTN32207582) (Sivaprasad et al., 

2018), the EQ-5D-3L questionnaire was used to collect patients’ health utility data, 

and BCVA and VFQ-25 questionnaire were used to collect patients’ condition-specific 

health-related quality of life data. 

 

1.13 Cost-effectiveness of EUS in gastro-oesophageal cancer staging alongside 

COGNATE trial 

The sensitivity of endoscopic ultrasound (EUS) in gastro-oesophageal cancer (GOC – 

oesophageal, gastro-oesophageal junction and gastric cancer) staging has been 

assessed; however, the effectiveness and cost-effectiveness of EUS staging in GOCs 

have not been evaluated until the inception of the HTA-funded COGNATE trial. Before 

COGNATE trial, there were no randomised controlled trials to evaluate the 

effectiveness and cost-effectiveness of EUS staging in the management of GOC 

patients.  

 

Up to the inception of the COGNATE trial, although there are guidelines (Allum et al., 

2002; SIGN, 2006) but no NICE guidance on this topic. The link between better staging 

and better management is not proven, and the benefit of EUS is not clear. This leads 

to the initiation of the randomised controlled trial in this area namely ‘Cancer of the 

Oesophagus or Gastricus: New Assessment of the Technology of Endosonography’ 

(COGNATE). This trial was designed to evaluate, not the accuracy of EUS, but the effect 

it had on patient management and outcome. COGNATE is an UK clinical trial 

commissioned by the National Co-ordinating Centre for Health Technology 

Assessment (NCCHTA) and led by Bangor University and Aberdeen Royal Infirmary in 

the UK. 



 

The COGNATE trial (Trial registration number: ISRCTN1444215) provides a unique 

opportunity for me to undertake a meaningful economic study of EUS staging in the 

management of GOC patients. I was a health economist working on the trial alongside 

my PhD study. The trial ran until 2013 after which a publication of the COGNATE trial 

results was published in the NIHR-HTA; I co-authored the published NIHR-HTA 

COGNATE report. Following the completion of the COGNATE trial and the publication 

of the COGNATE trial NIHR-HTA report, NICE published a guidance in 2018 on the topic 

‘Oesophago-gastric cancer: assessment and management in adults’ (NICE, 2018a; 

NICE, 2018b). The prospective primary health economics data collected alongside the 

COGNATE trial were used as part of my PhD study to evaluate how cost-effective is 

EUS in GOC staging as well as to explore the potential use of disease-specific measures 

in cost-utility analysis. 

 

1.14 The purpose and over-arching aim of this thesis 

As there has been no economic evaluation study based upon prospective primary 

economic data found in this area, economic evaluation study alongside the COGNATE 

trial was designed and conducted as part of my PhD study. The purpose of the 

economic evaluation study was to evaluate whether adding EUS to the standard 

staging algorithm in managing patients with GOC is cost-effective compared with its 

absence. 

 

Further, given the scarcity of economic studies of EUS staging in GOCs it has to date 

including the absence of a systematic review of economic evidence and a survey study 

in this area, it would be very meaningful to fill these knowledge gaps by conducting a 

systematic review and a survey in this area as part of this thesis. The systematic review 

in this thesis provides the economic evidence of EUS staging in GOCs through 

undertaking a systematic yet comprehensive literature searches and review. 

Considering a holistic approach for this thesis, a health care professional survey study 

was designed and conducted to explore the utilisation of EUS in GOCs staging and its 

current practice in the UK. Finally, an exploratory study was conducted to explore the 

potential use of disease-specific measures in cost-utility analysis. This aims to explore 



whether incorporating disease-specific measures into QALY estimations would have 

any potential benefits to cost-utility analysis results. All the stated points above are 

the purposes of this thesis. 

 

In summary, the over-arching aims of this PhD study are to –  

• Evaluate the cost-effectiveness of EUS in the management of patients with GOCs 

• Offer a systematic review of economic evidence of EUS in GOCs staging 

• Survey the utilisation and current practice of EUS in GOC staging in the UK, and 

• Explore the potential use of disease-specific measures in cost-utility analysis in 

clinical trial. 

 

1.15 Thesis novelty and contribution to knowledge 

A holistic economic study of EUS in the management of GOC patients has not 

previously been conducted. This is the first study of its kind in this area that offers a 

novel opportunity to inform policy and facilitate decision-making in this clinical area. 

To achieve the over-arching aims of this PhD study, the following research questions 

are addressed, and the novel contributions are identified: 

 

Thesis Chapter 2 

Research Question 1:  

Is adding EUS to standard staging algorithm cost-effective in the management of 

patients with GOC?  

 

Novel Contribution: 

This is the first economic evaluation study alongside clinical trial evaluating the cost-

effectiveness of EUS in GOC staging. This study offers a novel opportunity to facilitate 

GOC multidisciplinary team and health care commissioners in their decision-making 

process with the evidence-based findings of the economic evaluation of EUS in GOC 

staging. 

 

Thesis Chapter 3 

Research Question 2: 



What is the economic evidence on the use of EUS staging in patients with GOC?  

 

Novel Contribution: 

This is the first systematic review of economic evidence of EUS in GOC staging. This 

review offers a novel opportunity to increase the economic evidence of EUS in GOC 

staging and fill the knowledge gap in existing literature given the absence of 

comprehensive review of economic evidence of EUS in GOC staging. This systematic 

review provides not only the fundamental but also meaningful evidence-based 

information for informing health policymakers and commissioners in this clinical area. 

 

Thesis Chapter 4 

Research Question 3: 

How is EUS in GOC staging used in current practice in the UK?  

 

Novel Contribution: 

Up to January 2021, this is the first UK survey on GOC Multi-Disciplinary Team (MDT) 

members’ (GOC surgeons, gastroenterologists, oncologists) views about EUS staging 

in GOCs. This survey study offers a novel opportunity to provide an insight into the 

utilisation of EUS in GOC staging and the current practice in the UK. 

 

Thesis Chapter 5 

Research Question 4: 

Has disease-specific measure got potential use in QALY estimations for cost-utility 

analysis? 

 

Novel Contribution: 

This exploratory study is the expansion of the concept of the “hybrid QALY technique” 

first tried in the MORTISE trial (on which I was the Research Officer working with the 

Trial Statistician, Dr Daphne Russell) (Edwards et al., 2015), to other disease areas. 

Data from two large clinical trials, namely COGNATE (a cancer trial) and CLARITY (an 

ophthalmology trial), were available for use for this exploratory study in this thesis. 

This offers an opportunity to inform the potential use of disease-/condition-specific 



measures in QALY calculation for cost-utility analysis in clinical trials. Besides the 

MORTISE trial (Edwards et al., 2015), to our knowledge, there are no other studies 

exploring similar/the same innovative methodology of incorporating disease-

/condition-specific measures into QALY estimations, as first tried in the MORTISE trial, 

for cost-utility analysis in other disease areas. 

 

The disease-specific measures described below are used in the exploratory study in 

this thesis: 

a) Functional Assessment of Cancer Therapy-General (FACT-G) – A 27-item 

questionnaire designed to measure health-related quality of life in cancer 

patients (FACIT.org, 2021a). 

b) Functional Assessment of Cancer Therapy-Additional Concerns (FACT-AC) – A 

single integrated gastro-oesophageal cancer specific quality of life 

questionnaire merged from two separate FACT questionnaires – FACT-

Oesophageal (FACT-E) and FACT-Gastric (FACT-Ga) (Russell et al., 2013; 

FACIT.org, 2021b; FACIT.org, 2021c), by the COGNATE team for ease of use for 

gastro-oesophageal cancer patients in the trial (Russell et al., 2013). 

c) National Eye Institute 25-Item Visual Function Questionnaire (NEI VFQ-25) – A 

25-item questionnaire designed to measure self-reported vision-targeted 

health status of people who have chronic eye diseases (NEI, 2021; Sivaprasad 

et al., 2018). 

d) Best Corrected Visual Acuity (BCVA) – Measurement of the best vision 

correction that can be achieved with corrective lenses (i.e. glasses), as 

measured on the standard Snellen eye chart (Sivaprasad et al., 2018). 

 

A similar approach may potentially be used in other disease areas where both the 

disease-/condition-specific measures data and EQ-5D data are collected 

independently in clinical trials. Examples of other disease-/condition-specific 

measures are the Asthma Quality of Life Questionnaire (Haldar et al., 2009), the 

Inflammatory Bowel Disease Questionnaire (Dudley-Brown et al., 2009), the Dementia 

Quality of Life (DemQoL) Questionnaire (Smith et al., 2005), and others, depending on 

what is the outcome of interests of a study. 



 

1.16 Thesis structure 

To achieve the aims of this PhD study, a flow chart of structure of this thesis showing 

four research questions and the corresponding operational plan for each of the four 

research questions is developed, as shown in Figure 1.3. Firstly, a cost-effectiveness 

evaluation study of the COGNATE trial is carried out to evaluate whether adding EUS 

to standard staging algorithm is cost-effective in managing patients with GOCs as 

compared with the absence of EUS. Secondly, a systematic review is carried out to 

systematically review economic evidence on EUS staging of gastro-oesophageal 

cancers (GOCs). Next, the third research objective of this thesis is to conduct a UK 

survey of GOC-interested Multidisciplinary Team (MDT) members (i.e. GOC surgeons, 

gastroenterologists, oncologists) about their views on the utilisation of EUS in GOC 

staging and the current clinical practice in the UK. Lastly, the fourth research objective 

of this thesis is to undertake an exploratory study of novel methodology in QALY 

estimations in other disease areas (i.e. cancer and ophthalmology) for cost-utility 

analysis in clinical trials. The following flow chart outlines the structure and lay out of 

this thesis (see Figure 1.3). 

 

 



Figure 1.3: Flow chart of the structure and lay out of this thesis 

 
 

 

 



1.17 Dissemination 

Along with the four empirical chapters (Chapter 2-5) were written up as part of this 

PhD, the cost-effectiveness study of endoscopic ultrasound in the management of 

patients with gastro-oesophageal cancer of the COGNATE trial (Chapter 2) was 

published in the Health Technology Assessment (HTA) by the National Institute for 

Health Research (NIHR) Journals Library in 2013. Following the completion and 

publication of the COGNATE trial in HTA in 2013, NICE guideline (NG83) was published 

on the assessment and management in adults with oesophago-gastric cancer (NICE 

2018a, NICE 2018b). The preliminary work of the exploratory study (Chapter 5) was 

presented at the Tenovus Cancer Care Charity 70th Birthday Conference at the SWALEC 

Stadium Conference Centre in Cardiff in 2013. Alongside, an EQ-5D 3D Model was 

invented by me and exhibited at the Tenovus 70th Birthday Conference in Cardiff in 

2013. The systematic review protocol (Chapter 3) was published in the PROSPERO 

(International Prospective Register of Systematic Reviews; CRD42016043700) by the 

NIHR in 2016. The full systematic review (Chapter 3) was published in the BMC Cancer 

journal, a peer-reviewed journal, in 2019. The thesis protocol was presented at the 

Postgraduate Conference at Bangor University in 2016 and at the Combined 

Symposium of the Welsh Association for Gastroenterology and Endoscopy (WAGE) 

and Association of Upper GI Surgeons of Great Britain and Ireland (AUGIS) in the Life 

Sciences Hub Wales in Cardiff in 2016. 
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Chapter 2: Cost-effectiveness of EUS in the management of patients with gastro-
oesophageal cancer: Findings from the COGNATE trial 

2.1 Chapter Summary 

Evidence on the cost-effectiveness of endoscopic ultrasound (EUS) staging in 

managing patients with gastro-oesophageal cancer is scarce; there had been no 

rigorous evaluation until the inception of the HTA-funded COGNATE trial (Registration 

Number: ISRCTN1444215). This study aimed to evaluate the cost-effectiveness of EUS 

from an NHS perspective, alongside the COGNATE trial, in managing patients with 

gastro-oesophageal cancer (GOC) compared to usual management. 

 

A prospective cost-effectiveness analysis alongside pragmatic randomised controlled 

trial (COGNATE) was conducted at 48-month follow-up. A total of 223 patients with 

GOC who met the trial eligibility criteria were recruited from eight UK participating 

hospitals, consented and randomised into either intervention (standard staging 

algorithm plus EUS) or control (standard staging algorithm alone) group. Of these 223, 

213 yielded enough data for the trial’s primary analysis. Economic study sample had 

107 intervention participants and 106 controls, the same as for the effectiveness 

analysis. The main outcome measures for economic analysis were Quality adjusted life 

years (QALYs), healthcare resource costs and cost per QALY over 48 months. 

Participants’ quality of life scores data were collected using the European Quality of 

life-5 Dimensions-3 Levels (EQ-5D-3L) questionnaire at baseline and 1-, 3-, 6-, 12-, 18-

, 24-, 36- and 48-month follow-up. Healthcare resource use data were collected 

electronically using a bespoke Microsoft Access database designed specifically for the 

trial. Healthcare resource use by participants were costed using published sources. As 

participants were in the trial for different lengths of time, estimates of costs and QALYs 

were adjusted to allow for censoring. Missing cost and QALY data were imputed as 

appropriate, and to allow for the censoring caused by variable follow-up in the trial. 

All costs and QALYs beyond 12 months were discounted at 3.5% per year as NICE 

recommends (NICE, 2013). All costs were in 2008 price year; for consistency 

throughout the thesis, the main costs were inflated to 2019 prices using the Hospital 

and Community Health Services (HCHS) pay and price inflation indices and the NHS 

Cost Inflation Index (NHSCII). A non-parametric bootstrapping with 5000 iterations 



was performed to derive confidence intervals around the point estimates of 

incremental cost-effectiveness ratios (ICERs) when appropriate, and also to draw 

scatter plots of the joint distribution of the cost and effect pairs on incremental cost-

effectiveness plane. Then, the corresponding cost-effectiveness acceptability curves 

(CEACs) was generated to quantify uncertainty and convey to policymakers the 

probability that EUS is cost-effective at different thresholds. 

 

Primary analysis at 48 months, with costs and QALYs discounted at 3.5%, showed that, 

on average, intervention patients gained 0.1969 more QALYs than controls (95% 

bootstrapped CI from -0.0640 to 0.4575); and cost £2,860 less per patient (95% 

bootstrapped CI from -£7,987 to £2,192) (2019 prices: £3,490 less per patient, 95% 

bootstrapped CI from -£9,746 to £2,675), explained by fewer bed-days as inpatients. 

At the NICE thresholds of £20,000 and £30,000 per QALY, there is 97% probability that 

EUS is cost effective. Sensitivity analyses using two alternative estimates of the unit 

cost of EUS (£1,477 as outpatient or £3,781 as inpatient rather than £551 as day 

patient in the primary analysis) suggest that EUS remains cost effective with a 

probability of 95% and 86%, respectively. Subgroup analysis prompted by 

effectiveness findings showed that EUS was more cost-effective for participants 

reporting poorer health (below median EQ-5D score at baseline) despite saving less. 

Even for initially healthier participants, the intervention had at least 73% chance of 

being cost effective at the NICE threshold if EUS costs £551. 

 

EUS has potential to save costs and is cost-effective with 97% probability. These 

economic findings provide strong evidence in favour of EUS scans for all gastro-

oesophageal cancer patients with the potential to benefit. A systematic review of 

economic evidence of EUS in GOC is required to fill the gap in the literature review 

world and an exploratory methodological study on the modification of QALY for use 

in cost-effectiveness/cost-utility analysis is recommended.  

Source of funding; National Institute of Health Research – Health Technology 

Assessment Programme. (Trial registration: ISRCTN 1444215). 



2.2 Introduction 

Gastro-oesophageal cancer (GOC) is among the most common cancers worldwide 

with estimated annual totals exceeding 1.4 million new diagnoses and 1.1 million 

deaths, despite declining incidence over the past few decades (Jemal et al., 2011; Cook 

et al., 2009; Bosetti et al., 2008). In the UK, GOC was the seventh most frequent cancer 

with about 16,000 people diagnosed each year; and the fourth most common cause 

of cancer death with more than 12,000 deaths annually (Cancer Research UK, 2021a; 

Cancer Research UK, 2021b). GOC occurs mainly in men over 55 years of age (Allum et 

al., 2011). 

 

Thorough and accurate staging for all patients is essential in managing GOC, especially 

to make the most of advances in treatment (Allum et al., 2011). Staging aims to plan 

appropriate treatment, and thus improve survival and quality of life. Computed 

Tomography (CT) was once standard practice in staging GOC, but its sensitivity is poor 

compared with endoscopic ultrasound (EUS), a diagnostic tool that combines 

endoscopy and ultrasonography (Thakkar and Kaur, 2020; Valero and Robles-

Medranda, 2017; Puli et al., 2008). Though few studies reported the superiority of EUS 

over CT for staging GOC rather than diagnostic accuracy (Russell et al., 2013), EUS 

became common practice for staging following recommendations from three national 

bodies (Allum et al., 2011). However there had been no randomised trial to evaluate 

the effectiveness and cost-effectiveness of EUS in managing GOC. Thus, the link 

between better staging and better management was unproven, and the benefit of EUS 

was not clear. Therefore, a group of four co-lead investigators: (1) Professor Ian Russell 

(ITR), trialist and the methodological chief investigator of the COGNATE trial, (2) 

Professor Rhiannon Tudor Edwards (RTE), the health economist, (3) Dr David Ingledew 

(DI), senior lecturer in psychology and (4) Professor Kenneth Park (KP), consultant 

surgeon and clinical chief investigator, designed the trial ‘Cancer of the Oesophagus 

or Gastricus: New Assessment of the Technology of Endosonography’ (COGNATE) to 

evaluate, not the accuracy of EUS, but its effect on patient management and outcome 

(Russell et al., 2013). COGNATE was a pragmatic randomised controlled trial, 

commissioned by the NIHR Health Technology Assessment Programme to evaluate 

whether EUS is effective and cost-effective in managing GOC. 



 

A literature review conducted during the COGNATE trial found only five relevant 

economic studies on EUS staging of GOC – two review articles (Lennon and Penman, 

2007; Harris et al., 1998) and three American decision-analytic studies (Wallace et al., 

2002; Harewood and Wiersema, 2002; Hadzijahic et al., 2000). Wallace et al. (2002) 

was the most comprehensive, inferring that the combination of CT, EUS and fine 

needle aspiration (FNA) was on average less costly and more effective in increasing 

quality-adjusted life years (QALYs) than all other staging strategies except the 

combination of positron emission tomography (PET), EUS and FNA. Though the latter 

was slightly more effective, it was more expensive and less cost-effective when judged 

by cost per QALY, the usual criterion in both US and UK. In the absence of guidance on 

this topic from the National Institute of Health & Care Excellence (NICE) prior to the 

inception of the COGNATE trial, we conducted a full cost-effectiveness analysis of EUS 

for GOC alongside the COGNATE trial. 

 

2.2.1 My role and contributions to the COGNATE trial as a PhD student 

I undertook the economic evaluation study alongside the COGNATE trial as part of my 

PhD studies. I managed, cleaned, costed, analysed and interpreted the economic 

evaluation data of the COGNATE trial. Professor Rhiannon Tudor Edwards (RTE) 

designed and led the economic evaluation within the COGNATE trial, and acts as 

guarantor. Dr Daphne Russell (DR) led the statistical component of the COGNATE trial. 

Professor Ian T Russell (ITR) was methodological lead of the COGNATE trial. I, together 

with RTE and DR, undertook the collection, analysis, and interpretation of data. 

Guided by RTE, I prepared the economic evaluation report of the COGNATE trial for 

submission to HTA (the funder of the COGNATE trial) with statistical advice/support 

provided by DR; ITR edited the overall COGNATE HTA report prior to submission. 

Following the submission to HTA, I prepared successive drafts of the economic 

evaluation manuscript; RTE, DR and ITR commented on the drafts. Then, I revised the 

drafts critically and have written up as a chapter for my PhD thesis. My PhD is 

supervised by (1) Professor Rhiannon Tudor Edwards (RTE; health economics lead of 

the COGNATE trial and health economics advisor/PhD supervisor), (2) Dr Zoë Hoare 

(ZH; statistical advisor/PhD supervisor), and (3) Dr Hasan Haboubi (HH; clinical 



advisor/PhD supervisor). All my PhD supervisors (RTE, ZH and HH) commented on the 

final draft of this chapter. 

 

2.3 Methods 

2.3.1 Study setting and population 

The COGNATE trial was conducted in eight UK hospitals (Russell et al., 2013). After 

standard staging algorithms, 567 potentially eligible patients with GOC were invited 

to participate, of whom 453 consented. However, 230 patients were then excluded, 

almost all after multi-disciplinary team (MDT) meetings to agree management plans. 

The remaining participants were randomised – 111 to intervention group (EUS) and 

112 to control group (usual care). After further MDT meetings to review management 

plans in the light of supplementary investigations, notably EUS scans in the 

intervention group, participants were followed till death or the end of data collection 

on 31 July 2009, that is between 12 and 54 months from recruitment.  Of these trial 

participants, 213 (96%) yielded enough data for effectiveness and cost-effectiveness 

analyses. 

 

2.3.2 Measurement of outcomes 

Researchers collected data on clinical outcomes and service use from hospital records, 

and on measures of effectiveness directly from participants – at baseline, discharge 

from hospital after initial treatment, and follow-up clinics after one, three, six, 12, 18, 

24, 36 and 48 months. As this process yielded full economic data, imputed by the Trial 

Statistician (Dr Daphne Russell (DR)), if necessary (see further details in Section 2.3.4 

and 2.3.5), for 107 intervention participants and 106 controls, the study sample for 

the economic evaluation was the same as for the effectiveness analysis.  

 

Guided by Brazier et al (2007) and NICE (2013), the COGNATE trial economic team led 

by Professor Rhiannon Tudor Edwards (RTE) adopted QALYs as the measure of effect 

for economic analysis. I, with the guidance from RTE and DR, estimated QALYs by the 

area under the curve of participants' health-related quality of life measured by the EQ-

5D-3L, a generic preference-based instrument developed and validated by the 



European Quality of Life group (EuroQoL) to yield a single utility for each participant’s 

health status at each timepoint (EuroQoL, 2021; Brooks, 1996).  

 

2.3.3 Measurement of costs 

I, guided by RTE, estimated costs from the perspective of the NHS at prices for 2008, 

these were inflated to 2019 in the final analysis. I, guided by RTE, recorded the type 

and frequency of participants’ contacts with NHS secondary care, which account for 

almost all direct NHS costs for these patients, including investigation, treatment and 

palliation. The COGNATE health economics team (RTE and I) and the COGNATE trialist 

and methodological lead (Professor Ian Russell, (IR)) focused on EUS, surgery, 

chemotherapy, radiotherapy, other drugs, outpatient visits, day care and inpatient 

stays. The COGNATE health economics team (RTE and I) designed an electronic version 

of the Client Service Receipt Inventory (CSRI) – a trial-specific structured form that 

enables research staff to report the type and frequency of participants’ contacts with 

care (Ridyard and Hughes, 2010; Knapp and Beecham, 1990) – and incorporated it into 

the COGNATE database with assistance from the COGNATE IT specialist (Mr Kevin 

Mawdsley (KW)).  

 

Guided by RTE, I derived national unit costs for most of these resources from 

published sources including Unit Costs of Health and Social Care 2008 (Curtis, 2008), 

NHS Reference Costs for 2008 (Department of Health, 2009) and Prescription Cost 

Analysis (PCA) 2008 (NHS Information Centre, 2009). I, guided by RTE, estimated the 

cost of stents from Shenfine et al. (2005) and converted that to 2008 prices using the 

health services pay and price index (Curtis, 2008). As the unit cost of a PET scan was 

not available from the NHS, RTE and I estimated it in collaboration with the Aberdeen 

Royal Infirmary Nuclear Medicine and Finance Departments. I, guided by RTE, 

undertook detailed costing with surgeons, radiologists, oncologists and others at 

COGNATE trial sites of expensive procedures like chemotherapy, multimodal 

treatment, neo-adjuvant therapy, PET scanning, radiotherapy and surgery. IR, RTE and 

I used ‘time and motion’ studies in collaboration with trial sites to cost endoscopic 

ultrasound procedures. I, guided by RTE and IR, addressed variation between these 

national and local estimates through sensitivity analysis.  



 

For consistency throughout this thesis, the main costs in this chapter were inflated to 

2019 prices using the Hospital and Community Health Services (HCHS) pay and price 

inflation indices and the NHS cost Inflation Index (NHSCII) from the published sources 

(Curtis and Burns, 2019; Curtis and Burns, 2016). 

 

2.3.4 Analysis strategy 

Guided by RTE, I estimated incremental cost-effectiveness ratios (ICERs) as the 

difference in the mean cost of participants’ care between intervention and control 

groups divided by the corresponding difference in mean QALYs gained. I used Stata 

10.1 (Stata Inc., 2008) to bootstrap with 5000 replicates, thus ameliorating skewed 

cost data, and to derive 95% confidence intervals around estimated ICERs when 

findings require trade-off between increased benefits and increased costs (or, more 

rarely, between reduced costs and reduced benefits). I also used these replicates to 

construct incremental cost-effectiveness planes plotting incremental costs against 

incremental effects and the corresponding cost-effectiveness acceptability curves 

(CEACs) plotting the probability that EUS is cost-effective at different thresholds 

(Fenwick et al., 2004). These enable policy makers to compare the probability that an 

intervention is cost effective at different thresholds, particularly at both the NICE 

thresholds of £20,000 and £30,000 per QALY (NICE, 2013), and to compare ICERs (in 

cost per QALY gained) across other diseases and patient groups. 

 

Guided by RTE and DR, I discounted all costs and QALYs beyond 12 months at 3.5% 

per year, as recommended by NICE (NICE, 2013). All analyses took account of 

censoring resulting from the termination of data collection at the end of the trial and 

the resulting variation in length of follow up between those recruited early and late 

(Glick et al., 2014).  

 

DR performed the imputation and censoring to the COGNATE economic data. First, DR 

used the SPSS MVA procedure (SPSS Inc., 2007) to impute missing or partially missing 

QALY data at assessments before the end of the trial (Briggs et al., 2003; Lin et al., 

1997). DR then projected cost and QALY data for each participant beyond the end of 



the trial to 48 months, by multiplying the probability of being alive in each time 

interval by the imputed costs and QALYs of survivors. The imputation of missing data 

and the projection of data to 48 months performed by the Trial Statistician (DR) are 

described in detail in Section 2.3.5 below. With discussion and agreement of the 

Methodological Lead of COGNATE (IR), DR discarded the final interval between 48 and 

60 months because only ten participants were still alive at 48 months, but none 

reached 60 months (Russell et al., 2013).  

 

I bootstrapped analyses (with 5000 replicates) at 48 months to explore whether the 

estimates of the costs and benefits of EUS relative to conventional staging were 

sensitive to key assumptions. As the cost of EUS varied between national tariffs, local 

tariffs and the literature, I, with the guidance from RTE and IR, investigated sensitivity 

to the choice between: £551 for day patients as used in our primary cost-effectiveness 

analysis; £1,477 for outpatients; and £3,781 for inpatients. Finally, two exploratory 

subgroup analyses at 48 months: (1) classifying participants as below or above the 

median baseline EQ-5D score of the whole sample, investigated whether cost-

effectiveness of EUS varied with self-reported EQ-5D scores at baseline, and (2) 

classifying participants as below or above median age of 65 years, examined whether 

cost-effectiveness of EUS varied with age. 

 

2.3.5 Missing values and imputation 

In the COGNATE trial, the Methodological Lead (IR) and Senior Trial Statistician of 

COGNATE (DR) were responsible for dealing with missing data and performing 

imputation. They explained that participants for whom some outcome data are 

missing (Glick et al., 2007; Carpenter and Kenward, 2007) were not excluded, 

whenever possible, to avoid bias in analysis by treatment allocated; therefore, these 

missing data were imputed from known data about these participants and other 

participants whose outcome data are known (Briggs et al., 2003; Lin et al., 1997).  

 

The main trial recruited for 3.5 years. To maximise statistical power, all participants 

were followed for as long as possible, between 1 and 4.5 years. The main aim of 

conducting imputation for the outcome data was to achieve complete data within the 



design rather than to extend data beyond 31 July 2009, the end of the trial and thus 

the censoring date. For health economic analysis, the costs and benefits, that were 

estimated by STY with guidance from RTE, were also imputed for all participants for 

the same period by DR for used in the bootstrap methods to assess cost-effectiveness. 

Two follow-up times were chosen for investigation: 12 months, the minimum unless 

a participant withdrew from the trial, and 48 months, which took account of all 

information on both survival (as there were no subsequent deaths) and quality of life 

(as the last quality of life questionnaire to participants was at 36 months). This allows 

analyses of both effectiveness and cost-effectiveness providing explicit links between 

the effectiveness and cost-effectiveness sections of the published COGNATE report 

(Russell et al., 2013). 

 

For all participants who died during follow-up, potentially there was complete 

information as dead participants did not use any more resources and it was agreed to 

set their subsequent quality of life to zero, rather than missing. Survival data were also 

received on all participants up to complete withdrawal or the end of the trial. DR 

explained that survival data does not need imputation as survival analysis allows for 

variable follow-up. 

 

There were two types of data received in the COGNATE trial: 

(a) Clinical data, including demographic and resource use, extracted by research 

professionals from hospital notes and entered retrospectively onto the electronic 

database – In general, these data did not need to be imputed, because research 

professionals were asked to collect complete data except for pre-randomisation 

tumour stage, for which ‘missing’ was permitted. However, DR imputed resource use 

in secondary care from the end of the trial to 48 months. 

 

(b) Patient-reported outcome measures at baseline and follow-up – DR imputed the 

few missing data for the main effectiveness analysis. For the cost-effectiveness 

analysis and effectiveness sensitivity analysis, DR needed to impute quality of life to 

48 months. 

 



The COGNATE Trial Statistician (DR) carried out the imputation of missing quality of 

life data in three phases where each phase used SPSS (SPSS Inc., Chicago, IL, USA) 

Missing Values Analysis (MVA) procedure (Briggs et al., 2003). Table 2.1 below 

provides further information about the different phases of the imputation of missing 

quality of life data and cost data. DR explained that the SPSS MVA procedure 

performed by her uses single imputation for missing data, it simultaneously estimates 

all missing values in a data set, on one or more data sets (Russell et al., 2013). DR also 

performed the final phase of imputation on missing cost data where it used estimated 

survival probabilities from the Cox Regression model. 

 

DR used Cox Regression to model the simultaneous effect on survival of several 

characteristics, for the main quality-adjusted survival (i.e. QALY) comparisons. Both 

primary quality-adjusted survival analysis and secondary survival analyses in the 

COGNATE trial using Cox Regression models considered several baseline 

characteristics, including EQ-5D and FACT baseline scores, for inclusion as covariates. 

DR did this, not only to take account of any baseline imbalance between groups 

despite stratification, but also to improve the precision and generalisability of the 

model. DR and IR always included centre, condensed to three groups of similar size: 

Aberdeen, Gloucester and the rest. DR and IR always used the baseline score of a given 

measure to predict a later score of that measure. Other characteristics considered in 

step-wise model building included: age and gender; site, stage and type of tumour; 

the initial management plan agreed before randomisation; but not WHO status, as 

most participants had a WHO status of 1. To get the best from ‘initial management 

plan’ in predicting outcomes, DR created a binary variable to distinguish between 

conservative prior plans (namely chemotherapy, radiotherapy, both or neither) and 

therapeutic prior plans (namely endoscopic resection or surgery in some form). As DR 

and IR had expected, this later proved very good at predicting outcomes. As 

conservative plans choose between all possible combinations of chemotherapy and 

radiotherapy, DR followed the example of many MDTs by describing this and the 

resulting binary variable as ‘multimodal’. 

 



Table 2.1: The imputation procedure phases of missing quality-of-life data and cost 

data, performed by the Trial Statistician (DR). The text in the Table 2.1 below is quoted 

directly from the published COGNATE report (Russell et al., 2013). 

Imputation Phase Description Reference 

Phase 1 Imputing quality of life: phase 1 – psychometric and 

effectiveness analyses  

Phase 1 used all quality-of-life items (27 in FACT-G 

covering four subscales; 33 in FACT-AC; five in EQ-5D, one 

for each domain; and EQ-VAS, a single item) answered in 

interviews at the same time to estimate the missing 

items in those interviews. This yielded a complete set of 

responses for existing interviews. Initial psychometric 

analyses, using responses at 0, 1 and 3 months, reduced 

the number of items in FACT-AC by two, after which we 

repeated phase 1. We used the resulting data to calculate 

scores for EQ-5D and FACT scales and subscales for all 

existing interviews. 

Russell et al., 

2013, p22. 

Phase 2 Imputing quality of life: phase 2 – until 12 months 

DR then discarded item scores, except EQ-VAS, in favour 

of scale scores across time. DR created a single data set 

comprising all 213 participants and set scale scores to 

zero after death. To this data set DR added the allocated 

treatment, and baseline characteristics to improve 

estimates. Phase 2 used only time points up to 12 

months, the minimum period of follow-up in the trial. DR 

used MVA to impute scale scores at times without 

interviews for those who were still alive at 12 months, 

and then for those who had died by 12 months. This 

yielded a complete imputed data set with all quality-of-

life scores at all times up to 12 months. Three participants 

withdrew before 12 months. While phase 2 included 

them among survivors, phase 3 adjusted their estimated 

quality of life at times after withdrawal to take account 

of the probability of death. 

Russell et al., 

2013, p22 

Phase 3 Imputing quality of life: phase 3 Russell et al., 

2013, p22 



No more participants withdrew completely after 12 

months. Beyond 12 months, however, the survival status 

of progressively more participants is unknown because of 

censoring at the end of the trial. Phase 3 therefore 

estimated both the probability of being alive at each of 

the three remaining times and the quality of life of the 

participant if alive. Multiplying these two estimates yields 

the expected quality of life. This procedure adapts to 

quality-of-life data the process for imputing censored 

cost data described by Lin et al. (1997). 

 

In the first part of phase 3, DR derived the probability of 

censored participants being alive at 18 months from the 

Cox regression model for survival. DR calculated similar 

probabilities at 24 and 36 months, and also at 48 months 

for use in cost-effectiveness analysis and effectiveness 

sensitivity analysis. In the second part of phase 3, DR used 

three separate MVA imputations to extend the data set 

from phase 2 to 18 months, 24 months and 36 months 

for those not known to be dead at those times. DR 

multiplied each imputation by the probability that each 

participant would have been alive at this time. Finally DR 

set quality of life scores for people known to be dead to 

zero, or the equivalent for FACT-AC, for which 0 is the 

best possible score. 

 

By the end of phase 3, we had complete quality-of-life 

information for all 213 participants at all time points 

before the end of the trial, and survival status at that 

date, enabling us to estimate QALYs for primary analysis. 

We also had expected quality of life scores, but not 

survival status, for all 213 participants at all time points 

up to 36 months, for cost-effectiveness analysis and fully 

imputed sensitivity analysis for effectiveness. 



Phase 4  Imputing: phase 4 – secondary care costs 

STY and DR combined data on resource use in secondary 

care into six periods – up to 12 months, 12–18 months, 

18–24 months, 24–36 months, 36–48 months and 48–60 

months. STY costed and summed unimputed frequency 

data to give the total cost in each period for each 

participant. However, DR and IR were able to discard the 

final period (48–60 months) because by 48 months only 

10 participants were still in the trial, none of whom 

reached 60 months. For each of the first five periods, DR 

imputed the expected cost for unobserved participants 

by adapting the method of Lin et al. (1997), although not 

exactly as DR had adapted it to quality-of-life data in 

phase 3 above. 

 

Of these four phases of data imputation, phase 1, which 

imputes missing answers to questions within a scale from 

answers to related questions in the same scale, is not 

appropriate to costs because costs have no ‘related 

questions within a scale’ in the psychometric sense. 

Phase 2 was not necessary because we observed costs 

until censoring at 12 months or later. As with Lin et al. 

(1997), our costs were spread over intervals, while we 

had collected and imputed (by DR) quality-of-life scores 

at exact time points, which included the ends of the cost 

intervals. Hence, although the survival probabilities were 

exactly the same in Phases 3 and 4, DR used two for each 

cost interval – those of being alive at the start and the 

end of the interval. Unlike quality-of-life scores, however, 

costs are highly skewed and unsuitable for the MVA 

procedure (Glick et al., 2007). In general, therefore, DR 

estimated costs in unobserved intervals from the mean 

cost among people in the same allocated treatment 

group who were alive and observed throughout the 

interval. Nevertheless, DR used separate estimates for 

the cost of the year before death, because they are 

consistently and considerably higher than all years other 

than the first. 

Russell et al., 

2013, p23 



 

2.3.6 Ethics approval and conduct 

Before starting the trial, approval was gained from the Scotland A Multicentre 

Research Ethics Committee (reference 04/MRE10/10) and ten Local Research Ethics 

Committees and associated research governance units (Russell et al., 2013). Trial 

participants were asked for informed consent before allocating them to either 

intervention (EUS) or control (usual staging) group. 

 

2.4 Results 

2.4.1 Characteristics of study participants 

Randomisation duly ensured that intervention and control groups had similar 

demographic characteristics and baseline quality of life scores [see COGNATE HTA 

report (Russell et al., 2013)]. 

 

2.4.2 Quality adjusted life-years (QALYs) 

At 48 months, the intervention group had gained a mean of 1.362 discounted QALYs 

(SD 0.999) and the control group a mean of 1.165 (SD 0.976). Thus, EUS group gained 

on average 0.197 more QALYs than the control group (95% bootstrapped confidence 

interval (CI) from -0.0640 to +0.4575) (Table 2.2a).  

 

Table 2.2a: Fully imputed costs* and QALYs by allocated treatment group over 48 
monthsa 

 
Type of cost 

Intervention 
(n=107); 

mean (SD) 

Control 
(n=106); 

mean (SD) 

Intervention minus Control 
(Bootstrapped 95% CI) 

Over 48 months    

Total cost / patient (£) 29,190 (14,902) 32,049 (22,019) -2,860 (-7,987, 2,192) 

Total cost / patient (£)¥ 35,619 (18,184) 39,108 (26,869) -3,490 (-9,746, 2,675)  

Discounted QALYs (yrs) 1.3616 (0.9989) 1.1647 (0.9756) 0.1969 (–0.0640 to 0.4575) 

*  All costs were in 2008 prices unless stated otherwise. 
a  These estimates use fully imputed data; Table 2.4 uses unimputed data to elaborate these 

costs over 5 years from randomisation.  



¥ 2019 prices – For consistency throughout this thesis, the total cost per patient (£) was inflated 
to 2019 prices, using the Hospital and Community Health Services (HCHS) pay and price inflation 
indices and the NHS cost Inflation Index (NHSCII) from the published sources (Curtis and Burns, 
2016; Curtis and Burns, 2019). 

 

Table 2.2b shows the mean (SD) of the EQ-5D scores in survivors at each time point, 

stratified by trial arm. It appears that participants are getting worst in their EQ-5D 

where their mean EQ-5D utility scores are declining over the study period. Similarly, 

over the study period, fewer participants remained in the trial. Between the two 

groups, participants in the EUS group had higher mean EQ-5D utility score compared 

to participants in the non-EUS group; however, their differences in mean EQ-5D utility 

scores are not statistically significant. 

 

Table 2.2b: EQ-5D utilities by allocated group: unadjusted means (including deaths 

and imputed survivors). This table is quoted directly from the published COGNATE 

report. 

Time of 

EQ-5D 

Non-EUS group EUS group 

Total n 

EUS minus non-EUS 

n Mean (SD) N Mean (SD) Difference (95% CI)a 

Survivors (imputed to end of trial if necessary) and deaths before end of trial 

Baseline 106 0.801 (0.164)  107 0.807 (0.198) 213 0.007 (–0.042 to 0.056) 

1 month 106 0.733 (0.285)  107 0.729 (0.265) 213 -0.005 (–0.079 to 0.070) 

3 months 106 0.615 (0.305)  107 0.658 (0.289) 213 0.043 (–0.037 to 0.123) 

6 months 106 0.535 (0.323)  107 0.550 (0.347) 213 0.015 (–0.076 to 0.106) 

12 months 106 0.449 (0.391)  107 0.509 (0.376) 213 0.061 (–0.043 to 0.164) 

18 months 87 0.377 (0.400)  90 0.394 (0.399) 177 0.017 (–0.102 to 0.135) 

24 months 73 0.251 (0.347)  77 0.330 (0.392) 150 0.079 (–0.041 to 0.198) 

36 months 44 0.189 (0.312)  47 0.226 (0.373) 91 0.037 (–0.106 to 0.181) 

All participants (fully imputed beyond end of trial if necessary)b 

18 months 106 0.353 (0.387)  107 0.400 (0.382) 213 0.047 (–0.057 to 0.151) 

24 months 106 0.260 (0.341)  107 0.328 (0.364) 213 0.068 (–0.027 to 0.163) 

36 months 106 0.152 (0.260) 107 0.211 (0.306) 213 0.060 (–0.017 to 0.136) 

SD, standard deviation. 

a Confidence intervals for comparison only; to avoid multiple testing, analysis focuses on 12-month 

follow-up. 



b Confidence intervals in this subtable, especially for 36 months, are narrower than in corresponding 

rows of previous subtable owing to increase in sample size 

 

Figure 2.0 below shows the observed survival curves stratified by allocated trial arm 

(EUS group vs non-EUS group). The survival curve of the intervention group (EUS) lies 

above the curve of the control group (non-EUS). The proportion of surviving is similar 

in the two groups up to about 12 months, after which the curves diverge. The 

COGNATE Trial Statistician, DR, explained that these observed survival curves have 

taken account of withdrawals and different lengths of survival time in the trial 

(between 1 and some 4 years) to provide unbiased estimates of the proportion of the 

original sample still alive at each time. DR further explained that because of censoring, 

the lower portion of the curve suffers from more random variation. For example, a 

single death represents a change in survival of about 0.01 in the first year of the trial 

and about 0.02 at three years.  

 



Figure 2.0: The observed survival curves by allocated trial arm (EUS group vs non-EUS 
group). 

(Note: rectangular boxes above the x-axis record the number of participants available 

to estimate survival curve, subdivided into participants still alive + cumulative deaths; 

thus these boxes exclude participants censored when the trial ended or they withdrew 

completely. This figure is drawn directly from the published COGNATE report). 

 
 

 

2.4.3 Use of healthcare resources 

Table 2.3 shows the mean unimputed frequencies of resource use in secondary care 

for all causes including hospital-prescribed drugs, unimputed but adjusted to avoid 

bias from censoring, over six time intervals for the 213 participants in the primary cost-

effectiveness analysis (see full table in Appendix 2.1). The sparsity of these data, 

especially the presence of many zeroes and thus high skewness, meant that 

imputation was not possible for individual frequencies (Russell et al., 2013). Instead 

Table 2.3 includes three columns estimating mean frequencies for complete cases 

from the unimputed data (see full table in Appendix 2.1).  



Table 2.3: Estimated mean frequency of contacts with secondary healthcare including hospital-prescribed drugs by 213 participants over 60 
monthsa. 

 

a Full table is in Appendix 2.1. 
b 0-12 months is the first year after randomisation; 12-18 months is the interval between 12 and 18months after randomisation; etc. 
c Sample sizes include only participants still in the trial, namely survivors observed throughout the interval, and those who died before the end of the 

interval but had been randomised early enough for that interval to end before 31 July 2009.  We included participants (dead or alive) for whom the 
trial ended during the interval, but gave them half the weight of those in the trial throughout the interval. 

d Excluding drugs prescribed for surgery or chemotherapy.  
 



These show that total inpatient stays were considerably shorter in the EUS group (21.6 

days) than in the control group (29.9 days). Almost all these stays were cancer-related, 

which accounted for 20.8 days (96.3% of 21.6 days) and 29.5 days (98.7% of 29.9 days) 

respectively. In contrast, outpatient visits over 48 months were more frequent in the 

EUS group than the control group (21.7 visits versus 17.7 visits), perhaps because of 

longer survival.  

 

2.4.4 Costs over 48 months 

Guided by RTE, I estimated participants’ costs in each time interval and resource 

category by multiplying individual resource use in Table 2.3 by the corresponding unit 

cost from published national sources and discounting costs beyond 12 months at 3.5% 

per annum. Table 2.4 shows mean values of the costs of selected types of service use 

(full table is presented in Appendix 2.2). The sparsity of these data meant that, like 

frequencies, DR could not impute them beyond the end of the trial.  

 

However, costs summed over all resource types within each interval were less skewed, 

and could therefore be imputed for individual participants. So estimates were 

summed across categories to yield the total cost of each interval when participants 

remained in the trial; imputed costs for later intervals; summed observed and imputed 

costs over 48 months to yield a total cost for each participant; and calculated mean 

total cost per participant for intervention and control groups. Table 2.2a summarises 

the fully imputed total cost per participant by allocated group over 48 months for the 

primary cost-effectiveness analysis. Over 48 months, the mean cost of secondary care 

including hospital prescribed drugs was £29,190 (SD £14,902) (2019 prices: £35,619, 

SD £18,184) in the intervention group and £32,049 (SD £22,019) (2019 prices: £39,108, 

SD £26,869) for controls, including the cost of endoscopic ultrasound scans. Thus, the 

EUS group cost £2,860 less (95% bootstrapped CI from –£7,987 to £2,192) (2019 

prices: £3,490 less, 95% bootstrapped CI from -£9,746 to £2,675) on average than the 

control group, mainly because participants in the EUS group spent fewer days as 

inpatients.  Although not statistically significant, this difference is 9% of the mean total 

cost for controls over 48 months.   



Table 2.4: Estimated mean cost of secondary healthcare including hospital-prescribed drugs by 213 participants over 60 monthsa. 

 

EMR, endometrial mucosal resection; PAMs, Professions Allied to Medicine. 
a Full table is in Appendix 2.2. 
b 0-12 months is the first year after randomisation; 12-18 months is the period between 12 and 18months after randomisation; etc. 
c Sample sizes include only participants still in the trial: survivors observed throughout the interval; and those who died before the end of 

the interval but had been randomised early enough for that interval to end before 31 July 2009.  Participants (dead or alive) for whom 
the trial ended during the interval were included, but gave them half the weight of those in the trial throughout the interval. 

d Excluding drugs prescribed for surgery or chemotherapy.  



2.4.5 Primary cost-effectiveness analysis at 48 months 

In summary, we estimated that by 48 months EUS participants had on average gained 0.197 more 

QALYs and cost £2,860 less (2019 prices: £3,490 less) than controls. Although neither difference 

alone is significant (Table 2.2a), cost-effectiveness analysis considers both in combination. Figure 

2.1a is the cost-effectiveness plane showing the joint distribution of costs and effects (in QALYs) 

arising from 5000 replicates each yielding one point. There are 3988 (79.8%) points in the South-

East quadrant (‘win-win’); 326 (6.5%) in the South-West (net costs and QALYs both negative); 640 

(12.8%) in the North-East (net costs and QALYs both positive); and 46 (0.9%) in the North-West 

(‘lose-lose’). Figure 2.1b is the corresponding CEAC showing the probability that EUS is more cost-

effective than usual care (equivalent to the proportion of points that achieve cost-effectiveness) for 

a range of cost-effectiveness thresholds that decision-makers are willing to pay to gain one QALY. 

The curve intercepts the y-axis in Figure 2.1b at 0.863, meaning that, even if decision-makers put no 

value on an extra QALY, endoscopic ultrasound has 86.3% probability of being cost-effective (the 

proportion of points below the x-axis in Figure 2.1a). When the threshold rises to the lower and 

upper NICE criteria of £20,000 and £30,000 per QALY, this probability rises to 96.6% and 96.8% 

respectively (see Figure 2.1b). And when the threshold is infinite, it falls to 92.6% (the proportion of 

points to the right of the y-axis in Figure 2.1a). Hence, we can be reasonably confident that EUS is 

cost-effective in managing GOC. However, the saving of nearly £3,000 (2019 prices: saving of nearly 

£3,500) depends on the cost of EUS.  So, we need sensitivity analysis to assess how dependent it is. 

 

2.4.6 Sensitivity analysis with different costs of EUS 

The Department of Health offers three different unit costs for EUS – £551 for day patients, £1,477 

for outpatients and £3,781 for inpatients (Department of Health, 2009). To find out how that choice 

affects our cost-effectiveness findings, I repeated our analysis using all three estimates. Our primary 

analysis used the day cost of £551 for two reasons: firstly, most trial participants received their EUS 

scans as day patients; and secondly our confirmatory costing, based on detailed analysis of the 

staffing and time needed to deliver EUS to trial participants as day patients, was close to £500. 

 

Figures 2.1c and 2.1d use the unit cost of £1,477 for receiving EUS scans as outpatients, reducing 

the mean cost saving at 48 months to £2,055 (2019 prices: £2,508). Figure 2.1d shows that this 

slightly reduces the probability that EUS is cost-effective – to 78.7% at a threshold of zero, 94.8% at 

£20,000 and 95.3% at £30,000; however, it is still 92.6% at a threshold of infinity.  

 



Figure 2.1: Cost effectiveness planes and acceptability curves for discounted QALYs at 48 months 
by unit cost of endoscopic ultrasound. 

 
 

Figures 2.1e and 2.1f use the unit cost of £3,781 for receiving EUS scans as inpatients, reducing the 

mean cost saving to £53 (2019 price: £65). Figure 2.1f shows that this further reduces the probability 

that EUS is cost-effective – to 48.5% at a threshold of zero, 85.9% at £20,000 and 89.3% at £30,000; 

 

 

 



however, it is still 92.6% at a threshold of infinity. Not surprisingly, as the unit cost increases, the 

probability that EUS is cost-effective at 48 months decreases. As the threshold increases to infinity, 

where QALYs not costs affect the probability, all three probabilities converge on 92.6%. Thus, our 

sensitivity analysis confirms that EUS is probably cost-effective at 48 months; for the NICE thresholds 

range of £20,000 to £30,000 per QALY, that probability ranges from 86% when EUS costs nearly 

£4,000 to 97% when it costs slightly more than £500.  

 

2.4.7 Subgroup analysis 

Though subgroup analysis reduces sample sizes and statistical power, we responded to the trial 

finding that EUS is more effective for participants with lower self-reported health related quality of 

life (HRQoL), those who reported worse initial HRQoL at baseline (Russell et al., 2013). To maximise 

statistical power, it was agreed to split the effective trial population of 213 at the median baseline 

EQ-5D utility score of 0.796 into two equally sized groups (below and above that median baseline 

EQ-5D utility score). This divided the intervention group into 54 above that median and 53 below, 

and the control group into 47 above that median and 59 below. Participants with lower self-reported 

HRQoL at baseline had a much higher mean QALY gain (0.307) than participants with higher self-

reported HRQoL at baseline (0.0183) but a smaller saving of £1,918 (2019 prices: saving of £2,340) 

compared with £4,259 (2019 prices: saving of £5,197). Combining these effectiveness and cost 

findings by bootstrapping, Figure 2.2b shows that, despite the tendency of smaller samples to 

reduce the probabilities of the previous analyses, EUS in participants with lower self-reported 

HRQoL at baseline has 97.1% probability of being cost-effective at a threshold of £20,000 per QALY, 

97.9% at £30,000 and 97.9% at infinity; whereas in participants with higher self-reported HRQoL at 

baseline, these probabilities fall to 76.6%, 72.5% and 53.3% respectively. For participants with lower 

self-reported HRQoL at baseline, therefore, EUS is both significantly more effective (Russell et al., 

2013) and substantially more cost-effective. 

 

 



Figure 2.2: Cost-effectiveness plane and acceptability curve for discounted QALYs at 48 months by 
whether baseline EQ-5D score below or above median. 

 

(a) Cost-effectiveness plane 
 

 
 

(b) CEAC curve 
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In addition, with guidance from DR, RTE and IR, I conducted a second subgroup analysis, by splitting 

the trial sample into subgroups at median age of 65 years; this divided the intervention group into 

50 participants aged 65 years and above, and 57 participants aged below 65 years, and the control 

group into 50 participants aged 65 years and above, and 56 participants aged below 65 years. 

Younger participants had a higher mean QALY gain (0.2350) than older participants (0.1528) and a 

larger mean cost saving (£3,454 vs £2,246) (2019 prices: £4,215 vs £2,741). 

 

Bootstrapping shows that EUS in younger participants has 94.5% and 94.9% probability of being 

cost-effective at the NICE thresholds of £20,000 and £30,000 per QALY, respectively; in older 

participants these probabilities are 82.3% and 81.6%, respectively (Figure 2.3b).  

 

Comparing these two subgroup analyses, we see that the CEACs in Figure 2.2b are farther apart than 

those in Figure 2.3b over thresholds between £20,000 and £30,000. Even with a reduced sample 

size, the probability of EUS being cost-effectiveness between £20,000 and £30,000 is much higher 

in patients with lower self-reported HRQoL at baseline than in the whole sample. To explain why 

the differential effect of sickness does not translate into a differential effect of age, we observe that 

the proportions of patients with lower self-reported HRQoL at baseline among those under and over 

65 years were surprisingly similar – 52% and 53% respectively. In short, baseline health status 

appears to be a better predictor than age of whether EUS is beneficial in gastro-oesophageal cancer. 

 

 

 

 

 

 

 

 

 

 

 



Figure 2.3: Cost-effectiveness plane and acceptability curve for discounted QALYs at 
48 months by whether age below or above median of 65 years 

 

(a) Cost-effectiveness plane 

 
(b) CEAC curve 
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2.5 Discussion 

2.5.1 Principal findings 

As described in the published COGNATE trial report, Table 28 (see Appendix 2.3) and 

Table 32 (see Appendix 2.4) (Russell et al., 2013), EUS group had higher surgery 

avoided cases (44.4%, 8 out of 18 surgery avoided cases) compared to non EUS group 

(10.0%, 1 out of 10 surgery avoided case). Additionally, there were considerably 

shorter hospital inpatient stays for the participants in the EUS group (21.6 days) 

compared to the non-EUS group (29.9 days), contributing to a lower mean total cost 

per participant in the EUS group compared to the non EUS group (EUS £29,190 vs non 

EUS £32,049). This suggests, at 48 months after randomisation, with costs discounted 

at 3.5%, EUS had saved costs (£2,860, but not significantly – see Table 2.2a) and gained 

QALYs (0.1969, but not significantly – see Table 2.2a). Combining these findings, it can 

be concluded that EUS is significantly cost-effective, in the sense that the probability 

of EUS being cost-effective was reached and exceeded 95% at the NICE threshold of 

£20,000 to £30,000 per QALY when the cost of a scan is set at the national unit cost of 

£551 for day-case and £1,477 for outpatient. However, the probability of cost-

effectiveness falls below 95% at the highest national unit cost of £3,781 for inpatient 

scans. It was judged, that a cost close to £500 is much more plausible because most 

trial participants received their scans as day cases and, more importantly, our own 

detailed analysis of the staffing and time needed to deliver EUS to trial participants as 

day cases was close to £500. 

 

Though the COGNATE clinical and economic analysis (see Figures 2.1(b)) provide 

strong evidence that EUS is likely to be cost-effective in gastro-oesophageal cancer, 

we ask whether some participants benefit more than others. The effectiveness 

analysis addressed this question by adding covariates to primary analysis. Table 24 in 

the published COGNATE report (Russell et al., 2013, page 53), used Cox regression, 

showing that participants reporting poorer health at baseline gained significantly 

more QALYs over a range of follow-up periods averaging 24 months than those 

reporting better health at baseline. We found a similar pattern, although less 

significant, in fully imputed 48-month QALYs (see Effectiveness, Quality-adjusted 

survival: sensitivity analyses for fully imputed data, and Appendix 6.18 presented in 



the published COGNATE report (Russell et al., 2013, page 150)). Whereas, the 

economic analysis addressed this question by performing two exploratory subgroup 

analyses - (1). To maximise statistical power, it was agreed to split the effective trial 

population of 213 at the median baseline EQ-5D utility score of 0.796, which this 

divided the trial population into two groups (below and above that median baseline 

EQ-5D utility score); and (2). We split the trial population of 213 at 65 years, close to 

the median, which this divided the trial population into two groups (below and 65 

years and above). Exploratory subgroup analysis at 48 months suggests that the 

participants reporting poorer health at baseline saved fewer costs than the 

participants reporting better health at baseline (but far from significantly – see Figure 

2.2(b)), and had a much higher QALY gain. Combining these findings suggests that EUS 

is probably more cost-effective for patients reporting poorer health at baseline. 

Exploratory subgroup analysis also hints that EUS could be slightly better for younger 

patients. However these weak subgroup analyses do not detract from the unequivocal 

finding that EUS is almost certainly cost-effective for gastro-oesophageal cancer. In 

short, baseline health status appears to be a better predictor than age of whether EUS 

is beneficial in gastro-oesophageal cancer. 

 

In summary, the COGNATE trial and economic evaluation showed several substantial 

benefits of EUS:  

A. EUS participants gained an average of 0.197 more QALYs than controls;  

B. EUS participants cost the NHS an average of £2,860 less (2019prices: £3,490 less) 

than controls as a result of fewer or shorter hospital stays; 

C. Though neither benefit A nor B was statistically significant on its own, economic 

analysis showed that together they conclude that EUS has 96.6% probability of 

being cost-effective at the lower NICE threshold of £20,000 per QALY;  

D. Sensitivity analysis showed that for the NICE thresholds range of £20,000 to 

£30,000 per QALY, probability of EUS being cost-effective ranges from 86% when 

EUS costs nearly £4,000 to 97% when it costs slightly more than £500; and 

E. EUS participants with initial quality of life worse than average gained an average 

of 0.307 more QALYs than their controls – significantly greater than the average 

net gain of 0.0183 QALYs by those EUS participants with initial quality of life 



better than average. Despite the tendency of smaller samples to reduce the 

probabilities of the previous analyses, EUS in participants with lower self-

reported HRQoL at baseline had 97.1% and 97.9% probability of being cost-

effective at the NICE thresholds of £20,000 and £30,000 per QALY, respectively; 

whereas in participants with higher self-reported HRQoL at baseline, these 

probabilities fell to 76.6% and 72.5%, respectively. 

F. Younger participants had a higher mean QALY gain (0.2350) than older 

participants (0.1528) and a larger mean cost saving (£3,454 vs £2,246) (2019 

prices: £4,215 vs £2,741). EUS in younger participants had 94.5% and 94.9% 

probability of being cost-effective at the NICE thresholds of £20,000 and £30,000 

per QALY, respectively; whereas in older participants these probabilities were 

82.3% and 81.6%, respectively. 

 

2.5.2 Comparison with other studies 

No direct comparisons could be made as, to date (as of 2021), this is the first study of 

its kind in this area in the evaluation of the economic values of EUS in managing 

patients with GOC. Furthermore, this economic evaluation of EUS in GOC was carried 

out using primary economic data collected prospectively alongside a pragmatic 

randomised controlled trial (namely the COGNATE trial); hence this economic study 

offers novel contributions to the economic evidence of EUS in the management of 

GOC patients as well as to the health technology assessments in the UK. 

 

2.5.3 Strengths and limitations of the study 

The economic analysis was conducted and reported in accordance with the published 

standard operating procedure for economic evaluation alongside randomised 

controlled trials (Edwards et al., 2008), published guidance (Ramsey et al., 2005; Glick 

et al., 2014; Drummond et al., 2015) and published CHEERS checklist (Husereau et al., 

2013). 

 

The main weakness of the COGNATE trial is that it was some 10 years too late (Russell 

et al., 2013), committed to the practice of evidence-based medicine, however, we 

achieved high standards of recruitment, retention and data collection, and created a 



data set of high quality in a population with low self-reported HRQoL. That overall 

COGNATE trial, including its economic evaluation study, achieved largely unequivocal 

findings despite recruiting only a minimal sample is a tribute to its rigour. The 

economic evaluation study of the COGNATE trial had the same sample size as for the 

effectiveness study (n=213). 

 

The SPSS MVA procedure performed by the COGNATE Trial Statistician (DR) uses single 

imputation for missing data. As mentioned earlier, the SPSS MVA procedure used by 

DR simultaneously estimates all missing values in a data set, on one or more data sets. 

The analysis of the trial was undertaken in 2010 when multiple imputation was 

becoming more common place (White et al., 2010). It is likely that if this analysis was 

undertaken months later, then it is likely multiple imputation would have been used 

as it has become the most widely used method of imputation for missing data in trial-

based cost-effectiveness analysis as reported in the review undertaken by Leurent et 

al. (2018). It is acknowledged that single imputations are likely to underestimate the 

uncertainty of the estimates and produce overly precise results (Kang, 2013). 

 

The COGNATE trial was designed in response to a 2001 HTA commissioning brief which 

referenced a 1998 systematic review by Harris et al. (Harris et al., 1998). The case for 

EUS as an adjunct to the usual staging test for gastro-oesophageal cancer was not 

proven. However, due to a variety of circumstances beyond the control of the HTA 

and the COGNATE team recruitment to the trial did not begin until 7 years after the 

publication of the systematic review. By which point, treatment pathways had 

progressed and EUS was being used by many clinicians who did not wish to forgo EUS 

for any patients. This lack of equipoise for many reduced the potential sample of sites 

that could be used for recruitment. Two centres – Aberdeen and Gloucester did 

remain in equipoise and recruited effectively over a period of 3.5 years while a 

remaining six centres allowed individual clinicians in equipoise to recruit where 

possible resulting in effectively three centres delivering the recruitment intended to 

be completed across ten centres.  

 



Given that many centres had already adopted EUS, the primary outcome of survival 

was replaced by quality-adjusted survival, often called quality-adjusted life-years, for 

two reasons: (1) this reduced the target sample size from 700 to 400; and (2) QALYs is 

the criterion preferred by NICE. As the number of active recruiting centres fell, the 

target effect size for both survival and quality of life was increased from 0.3 to 0.4 

enabling a reduction in the target sample size from 400 to 220 and the recruitment 

period extended by 6 months to achieve this. 

 

The main weakness of the COGNATE trial was that it was 10 years too late, however, 

committed to the practice of evidence-based medicine, the trial was delivered in the 

most pragmatic way in difficult circumstances to undertake a rigorous evaluation.  

 

Conducting a systematic review of economic evidence of EUS in the management of 

GOC would be beneficial in designing the COGNATE trial; however, due to time 

constraints prior to the trial design, we could only conduct a literature review. 

 

NICE (2013) recommended the use of QALY, measured by EQ-5D, the preferred 

generic preference-based health-related quality of life instrument, for cost-

effectiveness analysis. Complying with the NICE’s recommendations, in the COGNATE 

trial, we conducted cost-effectiveness analysis using QALY, solely measured by EQ-5D, 

as the measure of effect though studies have argued that EQ-5D may not be sensitive 

enough to pick up changes in patients’ disease-/condition-specific related quality of 

life (Pennington et al., 2020; Wichmann et al., 2017; Pettitt et al., 2016; Tosh et al., 

2012; Whitehead and Ali, 2010).  

 

2.5.4 Future research 

Upon completion of the COGNATE trial in 2013, comprehensive economic-specific 

systematic review of EUS in GOC staging remains lacking, with the exception of studies 

by Harris and colleagues (Harris et al. 1998). However, the systematic review by Harris 

et al. (1998) was almost exclusively covered the clinical evidence of EUS in GOC 

staging. Therefore, future work on conducting a systematic review of economic 

evidence of EUS in GOC staging is recommended to fill the gap in the economic 



literature in this area and offer policy makers, commissioners and researchers an 

insight into the up-to-date findings of economic evidence in this field. Furthermore, 

given the lack of sensitivity and responsiveness of EQ-5D in picking up changes in 

patients’ disease-/condition-specific related quality of life, further study on 

methodological advancement of cost-utility analysis is recommended to explore the 

modification of QALY that would help to better reflect the ‘real’ health status of 

patients, for use in cost-effectiveness/cost-utility analysis.  

 

2.6 Conclusion 

The economic evaluation findings of the COGNATE trial provide convincing evidence 

that the use of endoscopic ultrasound is cost-effective in managing patients with GOC. 

The improvement in quality-adjusted life years (especially for participants initially less 

healthy); and the consistent reductions in resource use, especially the duration of 

hospital stays – all resulting in 97% probability that EUS is cost-effective – is conclusive. 

Hence, we believe that policy makers and commissioners of NHS cancer services can 

be confident that EUS contributes much to the effective and efficient management of 

gastro-oesophageal cancer. We therefore recommend the provision of EUS scans for 

all patients with the capacity to benefit. 

 

2.7 Novel contributions  

This is the first economic evaluation study of EUS in GOC staging conducted alongside 

a randomised controlled trial (COGNATE trial) in the UK in the field of diagnosis and 

treatment planning of GOC. The economic findings of the COGNATE trial add to the 

literatures of EUS staging in GOC. This chapter offers a novel opportunity to inform 

evidence-based health care policy decision-making on the use of EUS in GOC staging 

within the finite public resources. 

 

2.8 How does the COGNATE trial develop the next few chapters of this thesis 

(Chapter 3, 4, and 5)? 

There is a need to fill the literature gap of the economic evidence of endoscopic 

ultrasound in gastro-oesophageal cancer staging given the only published systematic 

review (by Harris et al. (1998)) was more than two decades ago and it is not an 



economic-specific systematic review. Therefore, following the COGNATE trial, a 

systematic review in this field was conducted retrospectively to identify, appraise, and 

explore the existing economic literatures on endoscopic ultrasound in managing 

patients with gastro-oesophageal cancer. The systematic review is presented and 

discussed in detail in Chapter 3. 

 

As the outcomes of the COGNATE trial have shown that EUS appears to be cost-

effective, it is of great interests to study the utilisation of EUS in gastro-oesophageal 

cancer staging across the NHS hospitals in the UK. Therefore, a survey on the use of 

EUS in GOC staging in the UK was conducted. The findings of the survey are presented 

and discussed in Chapter 4 which give a comprehensive understanding on the 

utilisation of EUS in GOC staging and the current practice in the UK. 

 

In the cost-effectiveness analysis of EUS performed in the COGNATE trial, QALY was 

measured solely using EQ-5D tool. It is widely perceived and argued that EQ-5D is not 

a faultless tool in measuring QALY (Pettitt et al., 2016; Tosh et al., 2012; Whitehead 

and Ali, 2010). In Chapter 5, a novel method of generating regression models between 

conventional QALYs (measured purely by EQ-5D) and disease-specific measures to 

convert disease-specific measure scores into utilities (i.e. disease specific measures-

guided QALY or hybrid QALY) on the original EQ-5D scale was explored. Datasets from 

two large clinical randomised controlled trials – COGNATE trial and CLARITY trial – 

were used to demonstrate the novel methodological approaches utilised in this 

exploratory study. 

 



Chapter 3: Endoscopic ultrasound staging in patients with gastro-oesophageal cancers: a 
systematic review of economic evidence 

 

An edited version of this chapter is published in BMC Cancer Journal (see Appendix 3.23): 

Yeo, S. T., Bray, N, Haboubi, H., Hoare, Z. and Edwards, R. T. (2019). Endoscopic ultrasound 

staging in patients with gastro-oesophageal cancers: a systematic review of economic 

evidence. BMC Cancer, 19, 900. doi: https://doi.org/10.1186/s12885-019-6116-0  

 

3.1 Chapter Summary 

The sensitivity of endoscopic ultrasound (EUS) in staging gastro-oesophageal cancers (GOCs) 

has been widely studied. However, the economic evidence of EUS staging in the management 

of patients with GOCs is scarce. This review aimed to examine all economic evidence (not 

limited to randomised controlled trials) of the use of EUS staging in the management of 

patients with GOCs, and to offer a review of economic evidence on the costs, benefits (in 

terms of GOC patients’ health-related quality of life), and economic implications of the use of 

EUS in staging GOC patients. 

 

The protocol was registered prospectively with PROSPERO (CRD42016043700; 

http://www.crd.york.ac.uk/PROSPERO/display_record.php?ID=CRD42016043700). MEDLINE 

(ovid), EMBASE (ovid), The Cochrane Collaboration Register and Library (including the British 

National Health Service Economic Evaluation Database), CINAHL (EBSCOhost) and Web of 

Science (Core Collection) as well as reference lists were systematically searched for studies 

conducted between 1996-2018 (search update 28/04/2018). All the searches were again 

updated to cover studies between 2018-2021 (search update 13/12/2021). Two authors 

independently screened the identified articles, assessed study quality, and extracted data. 

Study characteristics of the included articles, including incremental cost-effectiveness ratios, 

when available, were summarised narratively.  

 

Of the 197 articles retrieved, 6 studies met the inclusion criteria: 3 were economic studies 

and another 3 were economic modelling studies. Of the 3 economic studies, one was an 

incremental cost-utility analysis and two were cost analyses. Of the 3 economic modelling 

studies, one was an incremental cost-utility analysis and two were cost-minimisation 

https://doi.org/10.1186/s12885-019-6116-0
http://www.crd.york.ac.uk/PROSPERO/display_record.php?ID=CRD42016043700


analyses. Both of the incremental cost-utility analyses reported that use of EUS as an 

additional staging technique provided, on average, more QALYs (0.0019-0.1969 more QALYs) 

and saved costs (by £1,969-£3,364 per patient, 2017 price year) compared to staging strategy 

without EUS. 

 

The data available suggest use of EUS as a complementary staging technique to other staging 

techniques for GOCs appears to be cost saving and offers greater QALYs. Nevertheless, future 

studies are necessary because the economic evidence around this EUS staging intervention 

for GOCs is far from robust. More health economic research and good quality data are needed 

to judge the economic benefits of EUS staging for GOCs. 

 

 



3.2 Introduction 

Gastro-oesophageal (oesophageal or gastric, or both) cancers (GOCs) are one of the most 

common cancers in the UK with approximately 16,000 new diagnoses each year (Cancer 

Research United Kingdom [CRUK], 2021a & 2021b). Oesophageal and gastric cancers were the 

seventh and fourteenth most common cause of cancer death respectively in the UK in 2016, 

as shown from the latest available statistics reported by the CRUK (CRUK, 2021a & 2021b). It 

is estimated that a total of around 12,330 people died from these cancers – that is 34 deaths 

per day (CRUK, 2021a & 2021b). Accurate staging of GOCs is vital for determining prognosis 

and planning appropriate treatment. Accurate staging in the management of GOCs will not 

only help avoid unnecessary surgical interventions but also will ultimately help reduce the 

financial pressure on the NHS, which is particularly important given the limited resources 

available to cancer services and the growing incidence of GOCs (Dubecz et al., 2013). 

 

Accurate staging of GOCs can be achieved by a combination of investigative techniques. The 

techniques used for staging GOC include computer tomography (CT), endoscopic ultrasound 

(EUS), positron emission tomography (PET) and adjuncts to staging include magnetic 

resonance imaging (MRI), bronchoscopy, laparoscopy and trans-abdominal ultrasound 

(Thakkar and Kaul, 2020; Valero and Robles-Medranda, 2017; Allum et al., 2011; Allum et al., 

2002). CT has been recommended for use at initial staging assessment to determine whether 

the cancer cells have spread from the primary site of its origin into new areas of the body (i.e. 

metastasis), but in the absence of metastatic disease, endoscopic ultrasound (EUS) has been 

advocated as the preferred technique for the assessment and prediction of operability 

(Thakkar and Kaul, 2020; DaVee et al., 2017; Valero and Robles-Medranda, 2017; Allum et al., 

2011; Allum et al., 2002). This is due to the fact that EUS is superior to CT for locoregional 

staging of oesophageal and gastric tumours (Thakkar and Kaul, 2020; Valero and Robles-

Medranda, 2017; Allum et al., 2011; Allum et al., 2002). 

 

Studies and guidelines for the management of oesophageal and gastric cancer have reported 

that EUS has superior tumour invasion (T) and locoregional nodal (N) staging ability over CT 

and PET given its sensitivity, particularly for detection of regional lymph node metastases, 

although the complementary nature of these investigative techniques must be recognised 

(Thakkar and Kaul, 2020; Valero and Robles-Medranda, 2017; HQIP, 2016; Allum et al., 2011; 



Puli et al., 2008; van Vliet et al., 2008; Lowe et al., 2005; Botet et al., 1991a; Vilgrain et al., 

1990). The sensitivity of EUS for staging of GOC has been widely evaluated; however, the 

economic evidence of EUS staging in the management of GOC patients is scarce. Furthermore, 

the effectiveness and cost-effectiveness of EUS staging of GOC had not been assessed, 

particularly in the form of randomised controlled trials (RCT), until the establishment of 

“COGNATE” trial - a HTA-funded RCT UK study (Russell et al., 2013). 

 

Given that the economic evidence of EUS for staging of GOC is scant, conducting a systematic 

review of the economic evidence on EUS staging in patients with GOC is therefore important. 

It not only gives a meaningful evidence-based insight, from an economic perspective, for 

researchers and clinical experts in this field but also health care commissioners. In view of 

that, this systematic review aimed to examine all economic evidence (not just from 

randomised controlled trials) of the use of EUS staging in the management of patients with 

GOC. The protocol of this systematic review was registered on PROSPERO, an international 

prospective register of systematic reviews [PROSPERO registration number: PROSPERO 

2016:CRD42016043700; 

http://www.crd.york.ac.uk/PROSPERO/display_record.php?ID=CRD42016043700] (Yeo et 

al., 2016, see Appendix 3.1). This paper offers a review of economic evidence on the costs, 

benefits (in terms of GOC patients’ health-related quality of life), and economic implications 

of the use of EUS for staging GOC patients.  

 

3.3 Methods 

This review was carried out and reported in accordance with the updated Preferred Reporting 

Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines (Moher et al., 2009; 

Liberati et al., 2009) (see Appendix 3.2). 

 

3.3.1 Searches and Study Selection 

Searches for this systematic review were conducted using a range of electronic databases: 

MEDLINE (ovid), EMBASE (ovid), The Cochrane Collaboration Register and Library (including 

Cochrane Central Register of Controlled Trials (CCRCT), Cochrane Reviews, Database of 

Abstracts of Reviews of Effects (DARE), Health Technology Assessment (HTA), NHS Economic 

Evaluation Database (NHS EED), Cochrane Methodology Register (CMR)), CINAHL 

http://www.crd.york.ac.uk/PROSPERO/display_record.php?ID=CRD42016043700


(EBSCOhost), Web of Science (Core Collection). Searches were restricted to publications from 

the last 20 years (1996-2016) as per the registered protocol on PROSPERO [Registration 

number: PROSPERO 2016:CRD42016043700; 

http://www.crd.york.ac.uk/PROSPERO_REBRANDING/display_record.asp?ID=CRD42016043

700] (Yeo et al., 2016). To ensure that the review was as up-to-date as possible, the searches 

were re-run on all databases to cover 2016-2018 (search update on 28/04/2018). All the 

searches were again updated to cover studies between 2018-2021 (search update on 

13/12/2021). 

 

In order to ensure a comprehensive search was achieved and any relevant research had not 

been missed, online searches were also conducted through the following internet search 

engines and appropriate websites to identify grey literature, reports, ongoing and 

unpublished studies from conference papers and abstracts: Google, Google Scholar, 

Department of Health (DoH), National Institute for Health and Clinical Excellence (NICE), 

National Institute for Health Research (NIHR) Journals Library, NIHR UK Clinical Trials 

Gateway, The National Cancer Research Institute (NCRI), Cancer Research Wales (CRW), 

Wales Cancer Research Centre (WCRC), Welsh Government (WG), Health and Care Research 

Wales (HCRW), Cancer Research UK (CRUK) and other relevant charitable organisation 

websites. 

 

The reference lists of papers that were included in the review were searched for further 

publications that had not been identified in the electronic searches. Contacts with study 

authors were made to locate further relevant literature and publications.  

 

Guided by the review objectives, the search terms as shown in Table 3.1 were developed using 

the PICO framework (Lang, 2004; Schardt et al., 2007). The PICO framework was utilised to 

help shape, design and construct the search process to identify all relevant published and 

unpublished materials from various sources. Titles, abstracts and full-text papers were 

searched for using these search terms.  

 

http://www.crd.york.ac.uk/PROSPERO_REBRANDING/display_record.asp?ID=CRD42016043700
http://www.crd.york.ac.uk/PROSPERO_REBRANDING/display_record.asp?ID=CRD42016043700


Table 3.1: Search terms by category, guided by PICO framework, for the systematic review. 

No. Search Term 

Category 

Search Terms 

1. Disease neoplas* OR 

cancer*OR 

carcin* OR 

tumo* OR 

adenocarcinoma* OR 

squamous cell carcinoma* OR 

malig* OR 

metasta* 

  AND 

2. Type of 

disease 

gastro* OR 

oesophag* OR 

esophag* OR 

gastro-oesophag* OR 

gastro-esophag* OR 

gastroesophag* junction* OR 

gastro-esophag* junction* OR 

gastrooesophag* junction* OR 

gastro-oesophag* junction* OR 

esophagogastric junction* OR 

esophago-gastric junction* OR 

oesophagogastric junction* OR 

oesophago-gastric junction* OR 

oesophageal squamous cell carcinoma* OR 

esophageal squamous cell carcinoma* OR 

gut* OR 

gullet* OR 

food pipe OR 

stomach OR 



upper GI OR 

upper-GI OR 

upper gastrointestin* OR 

upper-gastrointestin* OR 

upper digestive tract* OR 

upper-digestive tract* OR 

intraepithelial OR 

intramucosal OR 

node* OR 

nodal 

  AND 

3. Intervention endosono* OR 

EUS OR 

endoscopic ultraso* OR 

endoscopic-ultraso* OR 

EUS-FNA OR 

EUS-fine needle aspiration OR 

EUS fine-needle aspiration OR 

Endosonography-guided FNA OR 

Endoscopic ultrasound-fine needle aspiration OR 

Endoscopic ultrasound-guided fine needle aspiration OR 

Endoscopic ultrasound-guided fine-needle aspiration OR 

Endoscopic-ultrasound-guided fine-needle aspiration OR 

Endoscopic ultrasound guided fine needle aspiration OR 

Echoendoscop* OR 

Echo-endoscop* 

AND 

Staging OR 

Preoperative staging OR 

Pre-operative staging 

  AND 



4. Outcome econom* OR 

health economics OR 

economic evaluation OR 

cost-effective* OR 

cost effect* OR 

cost utility OR 

cost-utility OR 

cost-conseq* OR 

cost conseq* OR 

cost-benefit OR 

cost benefit OR 

cost-minimisation OR 

cost minimisation OR 

cost-minimization OR 

cost minimization OR 

cost* OR 

cost* analys* OR 

unit cost OR 

unit-cost OR 

unit-costs OR 

unit costs OR 

drug cost OR 

drug costs OR 

hospital costs OR 

health-care costs OR 

health care cost OR 

medical cost OR 

medical costs OR 

cost* efficacy* OR 

cost* analys* OR 

cost* allocation* OR 



cost* control* OR 

cost* illness* OR 

cost* affordable* OR 

cost* fee* OR 

cost* charge* 

economic model* OR 

markov* OR 

budget* OR 

healthcare economics OR 

health care economics OR 

cost analys* OR 

health-care cost* OR 

health care cost* OR 

hrqol OR 

Health related quality of life OR 

health-related quality of life OR 

quality-adjusted life year* OR 

quality adjusted life year* OR 

qaly OR 

Quality of life OR 

quality-of-life OR 

QoL 

 

The search strategy for each of the five electronic databases was developed, checked and 

tested by an information specialist before finalising the search terms; this process was 

informed by the search strategy of a wider evidence synthesis that includes a systematic 

review of non-economic studies of treatments for resectable adenocarcinoma of the 

stomach, gastro-oesophageal junction and lower oesophagus (Ronellenfitsch et al., 2013). An 

example of search strategy used in the Medline Ovid database is shown as below in Table 3.2. 

Full details of the search strategy for each of the five databases are presented in Appendix 

3.3-3.7. 

 



Table 3.2: An example of search strategy used in the Medline Ovid database. 

1 exp Endosonography/ 

2 endosono$.tw. 

3 endoscopic ultraso$.tw. 

4 endoscopic-ultraso$.tw. 

5 EUS.tw. 

6 (echoendoscop$ or echo-endoscop$).tw. 

7 
((endosono$ or endoscopic ultraso$ or endoscopic-ultraso$ or EUS) adj6 

aspiration).tw. 

8 1 or 2 or 3 or 4 or 5 or 6 or 7 

9 staging.tw. 

10 ((Preoperative or pre-operative) adj6 staging).tw. 

11 9 or 10 

12 8 and 11 

13 exp Adenocarcinoma/ 

14 adenocarcinoma$.tw. 

15 13 or 14 

16 exp Esophagus/ 

17 exp Esophagogastric Junction/ 

18 (gastroesophag$ adj3 junction$).tw. 

19 (gastro-esophag$ adj3 junction$).tw. 

20 (gastrooesophag$ adj3 junction$).tw. 

21 (gastro-oesophag$ adj3 junction$).tw. 

22 esophagogastric junction$.tw. 

23 esophago-gastric junction$.tw. 

24 oesophagogastric junction$.tw. 



25 oesophago-gastric junction$.tw. 

26 exp Stomach/ 

27 16 or 17 or 18 or 19 or 20 or 21 or 22 or 23 or 24 or 25 or 26 

28 15 and 27 

29 exp Esophageal Neoplasms/ 

30 exp Stomach Neoplasms/ 

31 (esophag$ adj5 neoplas$).tw. 

32 (oesophag$ adj5 neoplas$).tw. 

33 (esophag$ adj5 cancer$).tw. 

34 (oesophag$ adj5 cancer$).tw. 

35 (esophag$ adj5 carcin$).tw. 

36 (oesophag$ adj5 carcin$).tw. 

37 (esophag$ adj5 tumo$).tw. 

38 (oesophag$ adj5 tumo$).tw. 

39 (esophag$ adj5 metasta$).tw. 

40 (oesophag$ adj5 metasta$).tw. 

41 (esophag$ adj5 malig$).tw. 

42 (oesophag$ adj5 malig$).tw. 

43 (esophag$ adj5 adenocarcinoma$).tw. 

44 (oesophag$ adj5 adenocarcinoma$).tw. 

45 (stomach adj5 neoplas$).tw. 

46 (stomach adj5 cancer$).tw. 

47 (stomach adj5 carcin$).tw. 

48 (stomach adj5 tumo$).tw. 

49 (stomach adj5 metasta$).tw. 

50 (stomach adj5 malig$).tw. 



51 (stomach adj5 adenocarcinoma$).tw. 

52 (gastric adj5 neoplas$).tw. 

53 (gastric adj5 cancer$).tw. 

54 (gastric adj5 carcin$).tw. 

55 (gastric adj5 tumo$).tw. 

56 (gastric adj5 metasta$).tw. 

57 (gastric adj5 malig$).tw. 

58 (gastric adj5 adenocarcinoma$).tw. 

59 
29 or 30 or 31 or 32 or 33 or 34 or 35 or 36 or 37 or 38 or 39 or 40 or 41 or 42 or 43 or 

44 or 45 or 46 or 47 or 48 or 49 or 50 or 51 or 52 or 53 or 54 or 55 or 56 or 57 or 58 

60 28 or 59 

61 
(gut$ adj5 (neoplas$ or cancer$ or carcin$ or tumo$ or adenocarcinoma$ or metasta$ 

or malig$)).tw. 

62 
(gullet$ adj5 (neoplas$ or cancer$ or carcin$ or tumo$ or adenocarcinoma$ or 

metasta$ or malig$)).tw. 

63 
(food pipe adj5 (neoplas$ or cancer$ or carcin$ or tumo$ or adenocarcinoma$ or 

metasta$ or malig$)).tw. 

64 
(("upper GI" or "upper-GI") adj5 (neoplas$ or cancer$ or carcin$ or tumo$ or 

adenocarcinoma$ or metasta$ or malig$)).tw. 

65 
(("upper gastrointestin$" or "upper-gastrointestin$") adj5 (neoplas$ or cancer$ or 

carcin$ or tumo$ or adenocarcinoma$ or metasta$ or malig$)).tw. 

66 
((upper digestive tract$ or upper-digestive tract$) adj5 (neoplas$ or cancer$ or carcin$ 

or tumo$ or adenocarcinoma$ or metasta$ or malig$)).tw. 

67 61 or 62 or 63 or 64 or 65 or 66 

68 60 or 67 

69 12 and 68 

70 exp Economics/ 



71 health economics.mp. 

72 Economic evaluation.mp. 

73 exp Cost-Benefit Analysis/ 

74 (cost$ adj2 (effective$ or utilit$ or consequence$ or benefit$ or minimi$)).tw. 

75 Cost effectiveness analysis.mp. 

76 cost utility analysis.mp. 

77 cost consequences analysis.mp. 

78 cost minimisation analysis.mp. 

79 cost minimization analysis.mp. 

80 exp "Costs and Cost Analysis"/ 

81 
(unit cost or unit-cost or unit-costs or unit costs or drug cost or drug costs or hospital 

costs or health-care costs or health care cost or medical cost or medical costs).tw. 

82 
(cost$ adj2 (efficac$ or analys$ or allocation$ or control$ or illness$ or affordable$ or 

fee$ or charge$)).tw. 

83 exp Models, Economic/ 

84 (decision adj1 (tree$ or analys$ or model$)).tw. 

85 Markov$.tw. 

86 
exp Economics, Pharmaceutical/ or exp Economics, Medical/ or exp Economics, 

Hospital/ 

87 
(econom$ or cost$ or price$ or pricing or pharmacoeconomic$ or pharmaeconomic$ 

or pharmaco-economic$).tw. 

88 exp "Fees and Charges"/ 

89 exp Budgets/ 

90 (financ$ or fee$).tw. 

91 
((value or values or valuation) adj2 (money or monetary or life or lives or costs or 

cost)).tw. 

92 exp Health Expenditures/ 



93 (low adj cost).mp. 

94 (high adj cost).mp. 

95 (health?care adj cost$).mp. 

96 (cost adj estimate$).mp. 

97 exp Hospital Costs/ 

98 exp "Cost Savings"/ 

99 exp "Quality of Life"/ 

100 *"Quality of Life"/ 

101 

70 or 71 or 72 or 73 or 74 or 75 or 76 or 77 or 78 or 79 or 80 or 81 or 82 or 83 or 84 or 

85 or 86 or 87 or 88 or 89 or 90 or 91 or 92 or 93 or 94 or 95 or 96 or 97 or 98 or 99 or 

100 

102 69 and 101 

 

 

3.3.2 Inclusion and Exclusion Criteria 

Table 3.3 presents the inclusion and exclusion criteria, using the economic evidence review 

design framework outlined in the University of York Centre for Reviews and Dissemination 

(2009): Population, Interventions, Comparators, Outcomes, and Type of Evidence. Due to 

resources constraints, only studies written in English were included. This includes 

international studies that have been translated or written in English. 

 

Table 3.3: Inclusion and exclusion criteria for the systematic review. 

 Inclusion Criteria Exclusion Criteria 

Population All adults (>18 years: aged 19 and 

above (Bray et al., 2014; Franssen et 

al., 2020)) who had cancer (i.e. 

localised tumour) of the 

oesophagus, stomach or gastro-

Population aged below 19 years 

and had metastatic oesophageal, 

gastro-oesophageal or gastric 

cancer. 

 



oesophageal junction; free of 

metastatic disease. 

 

Interventions Use of endoscopic ultrasound (EUS) 

(also known as endosonography, 

echoendoscopy) staging in patient 

with oesophagus, gastro-

oesophageal and gastric cancer. 

 

Use of endoscopy only or 

ultrasound only, and use of EUS for 

non-cancer staging purposes e.g. 

treatment of cancer 

 

Comparators Standard staging algorithm e.g. 

trans-abdominal ultrasound scan, 

computed tomography (CT) scan. 

Partial economic evaluations, when 

no formal comparator was used, 

were included. 

 

 

Outcomes All relevant full economic 

evaluation studies outcomes 

including (but not be restricted to) 

cost per QALY and cost per life-year 

gained;  

 

All other relevant economic 

outcomes including (but not be 

restricted to) resource use, direct 

and indirect costs, incremental 

benefits e.g. quality-adjusted 

survival or quality-adjusted life 

years (QALYs), health-related 

quality of life, cancer-specific 

quality of life and utility gained – 

All outcomes unrelated to 

economic evidence of EUS staging 

of the oesophagus, gastro-

oesophageal junction or gastric 

cancer. 

 



this includes partial economic 

evaluation studies outcomes, which 

costs or consequences alone of a 

single intervention (e.g. EUS staging 

of GOC) were described, were 

included. 

 

Type of 

Evidence 

Full economic evaluation evidence 

(i.e. cost-effectiveness, cost-utility 

and cost-benefit analyses) related 

to EUS staging of oesophageal, 

gastro-oesophageal junction and 

gastric cancer were considered. 

Other economic studies that 

contain partial economic evaluation 

or no evaluation context (e.g. cost 

analyses, cost-description studies, 

cost-outcome descriptions, 

budgetary studies, outcome-

description studies in terms of 

utility gained, health-related quality 

of life and cancer-specific quality of 

life measures such as QALYs and 

FACT-G score) were also 

considered. 

Economic evaluation studies 

conducted alongside RCTs, non-

RCTs, quasi-experimental trials, 

epidemiological research, cohort 

studies, and modelling studies were 

considered. 

Non-research studies such as 

editorials, case reports or other 

descriptive studies. 



 

General Language – English. 

Years – 1996-2016, 2016-2018 and 

2018-2021. 

 

Language – Not written or 

translated into English. 

Years – Before 1996. 

 

 

 

3.3.3 Data Extraction 

Titles and abstracts of all studies identified were screened and assessed for relevance against 

the inclusion criteria by two independent reviewers (STY and NB). The inclusion or exclusion 

of each study was checked and confirmed. All potentially relevant full-text papers were then 

obtained and screened against the inclusion criteria, with disagreements resolved through 

discussion. 

 

Following screening, relevant data from all full-text papers included in the review were 

extracted by the primary reviewer (STY) using an adapted standardised form (University of 

York Centre for Reviews and Dissemination, 2009), and checked by the second reviewer (NB). 

Two adapted standardised forms were developed and used for data extraction – one for 

economic studies (see Appendix 3.8 or 3.9) and another for economic modelling studies (see 

Appendix 3.10). 

 

3.3.4 Quality Assessment 

The quality of all full-text papers included in the review were assessed and rated 

independently by the two reviewers using the Critical Appraisal Skills Programme (CASP) 

economic evaluation checklist (CASP, 2017) tool for economic studies and the Philips et al’s 

economic modelling checklist (Philips et al., 2004) tool for economic modelling studies. The 

papers were critically appraised to assess to what extent the content of these papers 

complied with the criteria of good practice in economic evaluation and if there was any 

obvious bias. Disagreements between the reviewers were resolved through discussion.  

 

3.3.5 Data Synthesis 



All studies included in the review were summarised and compared across studies in a 

narrative form to answer the review objectives. The aims, methods, and results of the studies 

reviewed were synthesised narratively. This demonstrates the heterogeneity of the studies in 

terms of characteristics (University of York Centre for Reviews and Dissemination, 2009). Due 

to the heterogeneity of the studies in terms of the study type and outcomes across the 

studies, meta-analysis was not appropriate (University of York Centre for Reviews and 

Dissemination, 2009). Costs were converted into British pounds sterling, £, using the 

appropriate exchange rate published in the International Monetary Fund (International 

Monetary Fund, 2017) and inflated to 2017 price year using the hospital and community 

health services (HCHS) index (Curtis and Netten, 2005; Curtis and Burns, 2015; Curtis and 

Burns, 2016; Curtis and Burns, 2017) for the studies included in the review. 

 

 



3.4 Results 

3.4.1 Literature Search: Identification of Studies  

Overall, the search from 1996 to 2016 identified 197 potentially relevant studies, six of which 

fulfilled the inclusion criteria and were included in the review (Figure 3.1). Of the six studies 

included, three were economic analysis studies and 3 were economic modelling studies. 

 

Figure 3.1: Flowchart of the study selection process. 

 
To ensure that the review was as up-to-date as possible, the searches were re-run on all 

databases to cover 2016-2018 (search update on 28/04/2018) and again to cover 2018-2021 

(search update on 13/12/2021); 30 potentially relevant papers were identified in the 2018 

search update and 24 in the 2021 search update but none met the inclusion criteria. In such 

case, the final number of studies included in the review remained at six. 



3.4.2 Study Descriptions 

Table 3.4 and 3.5 summarises the characteristics of the six studies included in the review. 

There were three economic analysis studies (Table 3.4) and three economic modelling studies 

(Table 3.5). Further details of study descriptions for each of the six studies reviewed can be 

found in Appendix 3.11-3.16. Five of the studies included in the review were US studies, and 

one was a UK study. Of the three economic analysis studies, two were cost analyses (Chang 

et al., 2003; Shumaker et al., 2002) and one was a cost-effectiveness analysis (Russell et al., 

2013). Of the three economic modelling studies, two were cost-minimisation analyses 

(Harewood et al., 2002; Hadzijahic et al., 2000) and one was a cost-effectiveness analysis 

(Wallace et al., 2002). All of the three economic modelling studies used decision tree 

modelling techniques to explore staging strategies. 

 

The six studies included in the review differed quite markedly in terms of their design. Only 

one study used primary cost and outcome data collected in prospective evaluation (Russell et 

al., 2013), one study used data collected in prospective case series (Chang et al., 2003), one 

study used retrospective data (Shumaker et al., 2002), and the remaining three studies 

synthesised data from secondary sources in a decision tree model (Wallace et al., 2002; 

Harewood et al., 2002; Hadzijahic et al., 2000). Of the six studies, only one (Russell et al., 2013) 

was a randomised controlled trial and included participants diagnosed with gastro-

oesophageal cancer (i.e. oesophageal, gastro-oesophageal junction or gastric cancer); the 

other five were non-trial studies and included participants diagnosed with oesophageal 

cancer. Amongst the six studies, Russell et al. (2013) was again the only study which evaluated 

costs of health care resource use covering secondary care contacts and hospital prescribed 

drugs in addition to cost of EUS, collected prospectively in the trial. 

 

In terms of health outcome measures, two studies (Russell et al., 2013; Wallace et al., 2002) 

included quality-adjusted life year (QALY) as the measure of effect and conducted a cost-

effectiveness analysis to assess the gain in QALYs relative to the costs of different staging 

strategies. The remaining four studies (Chang et al., 2003; Shumaker et al., 2002; Harewood 

et al., 2002; Hadzijahic et al., 2000) did not explore QALY or other quality of life measures but 

only cost. 

 



Table 3.4: Summary table of the structure and results of the three economics papers included in the systematic review. 

Authors, 

year, 

country 

Aims of the 

study 

Type of 

participants (n) 

Type of study, 

methodology 

Study 

perspective 

Price year, 

currency 

(unit) 

Type of 

intervention / 

staging 

technique 

Method of 

delivery 

Length of 

follow-up 

Cost of 

intervention / 

staging 

technique 

Type of 

economic 

analysis 

conducted 

Outcomes / 

results / 

conclusions* 

Shumaker 

et al. 

(2002), 

USA. 

To 

determine 

(1) the 

relative 

proportions 

of each 

oesophageal 

cancer stage 

in a group of 

patients 

referred for 

preoperativ

e staging 

with EUS, 

(2) the 

proportion 

of patients 

with EUS 

stage 1 and 

4 tumours 

Patients with 

oesophageal 

cancer receiving 

preoperative 

staging with EUS 

(n=180, 82% men 

and mean age 

66.5 years). 

Cost analysis 

using a 

retrospective 

review of a large 

multicentre 

national 

computerised 

endoscopic 

database. Data 

between February 

1998 and October 

2000 were 

extracted, 

reviewed and 

analysed. 

Not stated 

specifically, 

the authors 

described US 

Medicare data 

Price year: 

2000 

Currency: 

US dollars 

(USD$) 

NA: 

retrospective 

review of a 

large national 

endoscopic 

database. 

NA NA The cost of 

EUS for 

preoperative 

staging of 

oesophageal 

cancer was 

estimated at 

$634 per 

patient (£697 

per patient, 

2017 price 

year) 

Cost analysis 

study: the 

potential cost 

savings of 

performing 

preoperative 

EUS in 

oesophageal 

cancer 

patients. 

Preoperative 

staging of 

oesophageal 

cancer with 

EUS can 

facilitate cost 

savings by 

reducing the 

need for 

additional 

treatments in 

stage 1 and 4 

oesophageal 

cancer (a 

significant 

proportion of 

patients – 26% 

in this series). 

 

 



that would 

not be 

treated with 

combined 

modality 

therapy, and 

(3) to 

estimate the 

potential 

cost savings 

of 

performing 

preoperativ

e EUS in 

oesophageal 

cancer 

patients. 

 

 

 

Chang et 

al. (2003), 

USA 

To 

determine 

the impact 

of EUS 

combined 

with FNA on 

patients’ 

Patients 

diagnosed with 

oesophageal 

cancer 

(squamous-cell or 

adenocarcinoma) 

who were 

Cost analysis 

alongside 

prospective case 

series. 

Not stated 

specifically, 

the study was 

undertaken in 

California, 

USA. 

Not stated 

specifically

, the 

authors 

described 

their cost 

analyses 

NA: cost 

analysis study 

alongside 

prospective 

case series. 

NA Based on 

the data 

used in the 

cost 

analyses, 

the length 

of follow-

The cost of 

EUS-FNA 

biopsy based 

on the 

published 

direct costs of 

endosonograp

Cost analysis 

study: the cost 

of care for 

these patients 

was calculated 

to explore 

whether or 

Patients’ 

decisions on 

whether to 

undergo 

medical or 

surgical 

treatment 



choice of 

therapy and 

on the cost 

of care. 

referred to the 

University of 

California’s Irvine 

Medical Center 

for preoperative 

EUS staging 

between August 

1993 and August 

1997 (n=60, 39 

men, 21 women 

and mean age 

68±10 years). 

These patients 

were all being 

considered for 

surgical resection 

and had 

undergone 

standard 

evaluation 

including CT 

which showed no 

evidence of 

distant 

metastases. 

 

were 

based on 

the 

published 

direct 

costs of 

endosono

graphy-

guided 

aspiration 

biopsy and 

thoracoto

my 

published 

in 1997 

(Gress et 

al., 1997). 

Currency: 

US dollars 

(USD$) 

up was, on 

average, 

17 months 

(range 1-

51 

months). 

hy-guided 

aspiration 

biopsy (Gress 

et al., 1997) 

was estimated 

at $1,975 per 

patient 

(outpatient) 

(£3,528 per 

patient, 2017 

price year). 

not the use of 

EUS decreases 

the cost of 

managing 

patients with 

oesophageal 

cancer. 

correlated 

significantly 

with their 

overall 

tumour 

staging, 

suggesting 

that the 

information 

provided by 

EUS played a 

significant role 

in patients’ 

decision-

making. EUS-

guided 

therapy 

potentially 

reduces the 

cost of 

managing 

patients with 

oesophageal 

cancer by 

USD$12,340 

per patient 



(£10,510 per 

patient, 2017 

price year) 

due to 

reduced 

number of 

thoracotomies 

undertaken 

(patient 

choice). 

 

 

Russell et 

al. (2013), 

UK 

To examine 

whether the 

addition of 

EUS to usual 

staging uses 

resources 

cost-

effectively. 

Patients with 

proven cancer of 

the oesophagus, 

stomach or 

gastro-

oesophageal 

junction; 

medically fit for 

both surgery 

(even if not 

planned) and 

chemotherapy, 

free of metastatic 

disease and had 

Cost-effectiveness 

analysis alongside 

a multi-centre 

randomised 

controlled trial 

(RCT) namely 

‘COGNATE trial’. 

The study 

explored whether 

giving EUS scan in 

addition to 

standard staging 

algorithms would 

be more cost-

NHS 

perspective, 

focusing on 

health-care 

resources 

used by 

participants 

including 

investigation, 

treatment and 

palliation, and 

other 

elements of 

secondary and 

Price year 

2008 

Currency: 

Pounds 

Sterling (£) 

Cancer staging 

with EUS vs. 

without EUS 

Patients 

randomised 

to 

intervention 

group 

received EUS 

scan in 

addition to 

standard 

staging 

algorithms. 

Patients 

randomised 

to control 

Study 

follow-up 

period was 

54 months 

or until 

death, 

whichever 

came first. 

Main 

analyses of 

the study 

(including 

health 

economic 

The cost of 

EUS scan was 

£551 (day 

case) (£648, 

2017 price 

year), £1,477 

(outpatient) 

(£1,737, 2017 

price year) 

and £3,781 

(inpatient) 

(£4,447, 2017 

price year). 

Cost-

effectiveness 

analysis using 

QALY as a 

measure of 

effect – The 

difference in 

cost and QALY 

between 

intervention 

and control 

groups was 

calculated; the 

probabilities 

EUS reduced 

net use of 

health-care 

resources by 

£2,860 

(£3,364, 2017 

price year) 

and had an 

increase of 

0.1969 in 

estimated 

mean QALYs. 

Combining 

these 



NA, Not applicable; ICER, incremental cost-effectiveness ratio; EUS, endoscopic ultrasound; EUS-FNA, endoscopic ultrasound-fine needle aspiration; NHS, national health service; 
QALY, quality-adjusted life year; NICE, National Institute for Health and Care Excellence 
*Converted to pound sterling (£) at 2017 prices.  

 

 

not started 

treatment. Both 

their ASA 

(America Society 

of 

Anesthesiologists) 

grading and their 

WHO 

performance 

status had to be 1 

or 2 (n=213, 165 

male; mean age 

64.4 years; EUS 

group (n=107); 

No EUS group 

(n=106)). 

 

effective 

compared to 

standard staging 

algorithms. 

pharmaceutic

al care. 

group 

received 

standard 

staging 

algorithms.  

analysis) 

used 48 

months. 

of the EUS 

intervention 

being cost-

effective at 

different 

willingness-to-

pay thresholds 

were 

estimated. 

estimated 

benefits and 

savings yields 

probability of 

96.6% that 

EUS is cost-

effective in 

the sense of 

achieving the 

NICE criterion 

of costing less 

than £20,000 

to gain a 

QALY. 

 

 



Table 3.5: Summary table of the structure and results of the three economic modelling papers included in the systematic review. 

Authors, 

year, 

country 

Aims of the 

study 

Type of 

participants 

Type of study, 

methodology 

Perspective of 

the model 

Price year, 

currency 

(unit) 

Type of 

intervention / 

staging 

technique 

Analysis Time 

horizon 

Outcome 

measures 

Outcomes / results / 

conclusions* 

Hadzijahic 

et al. 

(2000), 

USA 

To determine 

whether it is 

less costly to 

request CT or 

EUS first to 

identify 

advanced 

oesophageal 

cancer; to 

determine 

which 

variables 

most affect 

the overall 

cost of 

identifying 

advanced 

disease. 

Oesophageal 

cancer patients 

who 

underwent 

both CT and 

EUS between 

July 1995 and 

April 1999 

(n=124, mean 

age = 62.7 

years, 98 (79%) 

men, and 72 

(58%) white). 

Cost-

minimisation 

study using 

decision tree 

model to 

compare which 

of the two initial 

staging 

strategies (EUS 

first or CT first 

strategy) would 

cost less to 

detect advanced 

disease in 

patients 

diagnosed 

endoscopically 

with 

Not stated 

specifically, 

the study took 

local referral 

centre 

perspective. 

Price year: 

1999 

Currency:  

US dollars 

(USD$). 

CT first strategy 

vs. EUS first 

strategy. 

Decision 

analysis 

using 

decision 

tree 

model. 

Not stated 

specifically

. 

Overall cost 

of 

identifying 

advanced 

disease of 

the two 

strategies: 

EUS first and 

CT first 

strategies. 

Initial CT is the least costly 

strategy if the probability 

of finding advanced 

disease by initial CT is 

greater than 20%, if the 

probability of finding 

advanced disease by initial 

EUS is less than 30%, or if 

the cost of EUS is greater 

than 3.5 times the cost of 

CT. EUS found advanced 

disease more frequently 

than CT (44% vs. 13%; p < 

0.0001) and initial EUS was 

the least costly strategy 

(Initial EUS strategy 

expected cost was US$804 

(£824, 2017 price year) vs.  



oesophageal 

cancer. 

initial CT strategy 

expected cost $844 (£867, 

2017 price year)). 

 

Harewood 

et al. 

(2002), 

USA 

To examine 

which 

staging/man

agement 

technique 

was the least 

costly: EUS 

FNA, CT-

guided FNA 

or surgical 

management 

of 

oesophageal 

tumours. 

 

Patients with 

apparently 

“resectable” 

oesophageal 

cancer on CT 

(i.e. patients 

with non-

metastatic 

oesophageal 

cancer). 

Cost-

minimisation 

study using 

decision tree 

model to 

determine 

which strategy is 

least costly 

among the 

different 

alternatives: CT-

FNA, EUS-FNA 

and ‘proceed 

straight to 

surgery’ 

options. 

Third party 

payer 

perspective. 

Price year: 

2001 

Currency:  

US dollars 

(USD$). 

CT-FNA vs. EUS-

FNA vs. 

‘proceed 

directly to 

surgery’. 

Decision 

analysis 

using 

decision 

tree 

model. 

Not stated 

specifically

. 

Least costly 

staging 

strategy 

among the 

three 

strategies 

(CT-FNA vs. 

EUS-FNA vs 

Surgery) 

EUS FNA was the least 

costly strategy at $13,811 

(£14,578, 2017 price year), 

followed by surgery at 

$13,992 (£14,768, 2017 

price year) and CT-FNA at 

$14,350 (£15,147, 2017 

price year).  

 

EUS FNA remained the 

least costly option, 

provided that the 

prevalence of celiac lymph 

node (CLN) involvement 

was greater than 16%. 

Below this value, surgery 

became the least costly 

strategy. 

The final outcome of the 

model was also sensitive 



to variation in the 

sensitivity of EUS FNA. 

Provided that the 

sensitivity of EUS-FNA was 

greater than 66%, EUS-

FNA remained the least 

costly staging option in the 

management of 

oesophageal tumours. 

Despite changing the 

values of two or three 

variables simultaneously 

in the two- and three-way 

sensitivity analyses, the 

result still showed that 

EUS FNA remained the 

least costly strategy. 

 

Wallace et 

al. (2002), 

USA 

To compare 

the health 

care costs 

and 

effectiveness 

of multiple 

All Medicare-

eligible 

patients whose 

invasive 

oesophageal 

cancer was 

Cost-

effectiveness 

study using 

decision tree 

model to 

compare the 

Third-party 

payer 

perspective 

Price year: 

2000 

Currency:  

US dollars 

(USD$). 

The costs and 

effectiveness of 

the six 

strategies were 

compared – CT 

alone vs. 

Decision 

analysis 

using 

decision 

tree 

model. 

Not stated 
specifically 

Cost, QALYs 

and cost per 

QALY of the 

six strategies 

 

Under baseline 

assumptions, CT+EUS-FNA 

was the least costly 

strategy and offered more 

QALYs, on average, than 

all other strategies with 



ICER, incremental cost-effectiveness ratio; EUS, endoscopic ultrasound; EUS-FNA, endoscopic ultrasound-fine needle aspiration; CT, computed tomography; PET, positron emission 
tomography; TL, thoracoscopy and laparoscopy; QALY, quality-adjusted life year. 
*Converted to pound sterling (£) at 2017 prices.  

 

 

staging 

options for 

patients with 

oesophageal 

cancer. 

 

diagnosed 

between 

January 1991 

and December 

1996. Data 

were obtained 

retrospectively 

from the SEER–

Medicare 

databases. 

 

costs and 

effectiveness of 

six strategies (CT 

alone vs. 

CT+EUS vs. 

CT+TL vs. 

CT+EUS+TL vs 

CT+PET+EUS vs. 

PET+EUS). 

CT+EUS vs. 

CT+TL vs. 

CT+EUS+TL vs 

CT+PET+EUS vs. 

PET+EUS. 

the exception of PET+EUS-

FNA. The latter was 

slightly more effective but 

also more costly. The 

marginal cost-

effectiveness ratio 

comparing PET+EUS-FNA 

with CT+EUS-FNA was 

$60,544 per QALY 

(£66,588 per QALY, 2017 

price year). These findings 

were robust and changed 

very little in all of the 

sensitivity analyses. 

 



3.4.3 Quality Assessment 

Each of the six studies included in the review were critically appraised against the appropriate 

source of quality appraisal checklist: the CASP economic evaluation checklist (CASP, 2017) was 

used for the three economic studies, and Philips et al’s economic modelling checklist (Philips 

et al., 2004) was used for the remaining three economic modelling studies. Table 3.6 and 3.7 

summarised the quality assessment of the three economic studies and three economic 

modelling studies, respectively. Further details of the quality assessment results for each of 

the six studies reviewed can be found in Appendix 3.17-3.22. 

 

Table 3.6 shows the study quality of the three economic studies was generally good, although 

only one study (Russell et al., 2013) met all quality criteria on the CASP economic evaluation 

checklist. The study by Shumaker et al. (2002) scored the second highest, followed by Chang 

et al. (2003). Of these three economic studies, two had missing key information: Chang et al. 

(2003) reported neither cost perspective, cost inflation, discounting nor price year, and 

sensitivity analysis was not undertaken; likewise, Shumaker et al. (2002) did not state whether 

their reported costs were discounted or inflated as appropriate.  

 

Table 3.7 shows the study quality of the three economic modelling studies included in the 

review was satisfactory, scoring moderately well on the Philips et al’s economic modelling 

checklist. In descending order of quality, the study by Wallace et al. (2002) scored the highest 

followed by Harewood et al. (2002) and Hadzijahic et al. (2000). One study (Hadzijahic et al., 

2000) did not state the perspective of the model and all three (Hadzijahic et al., 2000; 

Harewood et al., 2002; Wallace et al., 2002) did not specify the time horizon of the decision 

tree model. There was insufficient detail of how parameters in the model were identified 

(Wallace et al., 2002) and how data were modelled (Harewood et al., 2002). There was also a 

lack of clarity with regards to the source of probabilities and cost data used in the decision 

tree model (Hadzijahic et al., 2000).  

 

 



Table 3.6: Quality assessment results of economic studies included in the systematic review. 

Question 

no. 

CASP economic evaluation checklist questions*¥ Response 

(√, x, NC or NA) 

Studies (author and year) 

Shumaker et al. 

(2002) 

Chang et al. 

(2003) 

Russell et al. 

(2013) 

1 Was a well-defined question posed? √ √ √ 

     

2 Was a comprehensive description of the competing alternatives 

given? 

NA NA √ 

     

3 Does the paper provide evidence that the programme would be 

effective (i.e. would the programme do more good than harm)? 

√ √ √ 

     

4 Were the effects of the intervention identified, measured and valued 

appropriately? 

NA NA √ 

     

5a Were all important and relevant resources required and health 

outcome costs for each alternative identified? 

NC NC √ 

     



5b Were all important and relevant resources required and health 

outcome costs for each alternative measured in appropriate units? 

√ √ √ 

     

5c Were all important and relevant resources required and health 

outcome costs for each alternative valued credibly? 

√ NC √ 

     

6 Were costs and consequences adjusted for different times at which 

they occurred (discounting)? 

x x √ 

     

7 What were the results of the evaluation? √ √ √ 

     

8 Was an incremental analysis of the consequences and cost of 

alternatives performed? 

NA NA √ 

     

9 Was an adequate sensitivity analysis performed? √ x √ 

     

10 Is the programme likely to be equally effective in your context or 

setting? 

√ √ √ 

     

11 Are the costs translatable to your setting? x x √ 



     

12 Is it worth doing in your setting? √ √ √ 

     

Score, ratio™ (%) 8/11 (73%) 6/11 (55%) 14/14 (100%) 

NA: Not Applicable; NC: Not Clear 
*Available from: http://www.casp-uk.net/casp-tools-checklists 
¥Adapted from: Drummond MF, Stoddart GL, Torrance GW. Methods for the economic evaluation of health care programmes. Oxford: Oxford University Press, 1987 
™Ratio = b/a, where b = sum of tick; a = sum of items (excluding ‘NA’ items) 
 
 

http://www.casp-uk.net/casp-tools-checklists


Table 3.7: Quality assessment results of economic modelling studies included in the systematic review. 

Quality 

Criterion 

Philips et al’ economic modelling checklist questions* Response 

(√, x, NC or NA) 

Studies (author and year) 

Hadzijahic et al. 

(2000) 

Harewood et al. 

(2002) 

Wallace et al. 

(2002) 

S1 Is there a clear statement of the decision problem? √ √ √ 

 Is the objective of the evaluation and model specified 

and consistent with the stated decision problem? 

√ √ √ 

 Is the primary decision-maker specified? NC √ √ 

     

S2 Is the perspective of the model stated clearly? X √ √ 

 Are the model inputs consistent with the stated 

perspective? 

NC √ √ 

 Has the scope of the model been stated and justified? √ √ √ 

 Are the outcomes of the model consistent with the 

perspective, scope and overall objective of the model? 

√ √ √ 

     



S3 Is the structure of the model consistent with a 

coherent theory of the health condition under 

evaluation? 

√ √ √ 

 Are the sources of data used to develop the structure 

of the model specified? 

√ √ √ 

 Are the causal relationships described by the model 

structure justified appropriately? 

NA NA NA 

     

S4 Are the structural assumptions transparent and 

justified? 

√ √ √ 

 Are the structural assumptions reasonable given the 

overall objective, perspective and scope of the model? 

√ √ √ 

     

S5 Is there a clear definition of the options under 

evaluation? 

√ √ √ 

 Have all feasible and practical options been evaluated? √ √ √ 

 Is there justification for the exclusion of feasible 

options? 

NA NA NA 

     



S6 Is the chosen model type appropriate given the 

decision problem and specified causal relationships 

within the model? 

√ √ √ 

     

S7 Is the time horizon of the model sufficient to reflect all 

important differences between options? 

X x x 

 Are the time horizon of the model, the duration of 

treatment and the duration of treatment effect 

described and justified? 

X x x 

     

S8 Do the disease states (state transition model) or the 

pathways (decision tree model) reflect the underlying 

biological process of the disease in question and the 

impact of interventions? 

√ √ √ 

     

S9 Is the cycle length defined and justified in terms of the 

natural history of disease? 

NA NA NA 

     

D1 Are the data identification methods transparent and 

appropriate given the objectives of the model? 

√ NC √ 



 Where choices have been made between data sources, 

are these justified appropriately? 

NA √ √ 

 Has particular attention been paid to identifying data 

for the important parameters in the model? 

√ √ x 

 Has the quality of the data been assessed 

appropriately? 

X x x 

 Where expert opinion has been used, are the methods 

described and justified? 

NA NA x 

     

D2 Is the data modelling methodology based on justifiable 

statistical and epidemiological techniques? 

√ NC √ 

     

D2a Is the choice of baseline data described and justified? √ √ √ 

 Are transition probabilities calculated appropriately? NA NA NA 

 Has a half-cycle correction been applied to both cost 

and outcome? 

NA NA NA 

 If not, has this omission been justified? NA NA NA 

     



D2b If relative treatment effects have been derived from 

trial data, have they been synthesised using 

appropriate techniques? 

NA NA NA 

 Have the methods and assumptions used to 

extrapolate short-term results to final outcomes been 

documented and justified? 

NA NA NA 

 Have alternative assumptions been explored through 

sensitivity analysis? 

√ √ √ 

 Have assumptions regarding the continuing effect of 

treatment once treatment is complete been 

documented and justified?  

NA NA NA 

 Have alternative assumptions regarding the continuing 

effect of treatment been explored through sensitivity 

analysis? 

NA NA NA 

     

D2c Are the costs incorporated into the model justified? √ √ √ 

 Has the source for all costs been described? √ √ √ 

 Have discount rates been described and justified given 

the target decision-maker? 

NC NA √ 

     



D2d Are the utilities incorporated into the model 

appropriate? 

NA NA √ 

 Is the source for the utility weights referenced? NA NA x 

 Are the methods of derivation for the utility weights 

justified? 

NA NA x 

     

D3 Have all data incorporated into the model been 

described and referenced in sufficient detail? 

NC √ √ 

 Has the use of mutually inconsistent data been justified 

(i.e. are assumptions and choices appropriate)? 

NC NC √ 

 Is the process of data incorporation transparent? √ x x 

 If data have been incorporated as distributions, has the 

choice of distribution for each parameter been 

described and justified? 

NA NA NA 

 If data have been incorporated as distributions, is it 

clear that second order uncertainty is reflected? 

NA NA NA 

     

D4 Have the four principal types of uncertainty been 

addressed? 

X x x 

 If not, has the omission of particular forms of 

uncertainty been justified? 

X x x 



     

D4a Have methodological uncertainties been addressed by 

running alternative versions of the model with different 

methodological assumptions? 

X x x 

     

D4b Is there evidence that structural uncertainties have 

been addressed via sensitivity analysis? 

X x x 

     

D4c Has heterogeneity been dealt with by running the 

model separately for different subgroups? 

X x x 

     

D4d Are the methods of assessment of parameter 

uncertainty appropriate? 

√ √ √ 

 If data are incorporated as point estimates, are the 

ranges used for sensitivity analysis stated clearly and 

justified? 

NC √ √ 

     

C1 Is there evidence that the mathematical logic of the 

model has been tested thoroughly before use? 

X x x 

     



C2 Are any counterintuitive results from the model 

explained and justified? 

NA NA NA 

 If the model has been calibrated against independent 

data, have any differences been explained and 

justified? 

NA NA NA 

 Have the results of the model been compared with 

those of previous models and any differences in results 

explained? 

 

X x x 

Score, ratio™ (%) 21/38 (55%) 24/38 (63%) 28/43 (65%) 

NA: Not Applicable; NC: Not Clear 
*Available from: Philips Z, Ginnelly L, Sculpher M, Claxton K, Golder S, Riemsma R, Woolacott N and Glanville J. (2004) Review of guidelines for good practice in 
decision-analytic modelling in health technology assessment. Health Technol Assess, 8(36) 
™Ratio = b/a, where b = sum of tick; a = sum of items (excluding ‘NA’ items) 
 



3.4.4 Data Synthesis Results 

All of the six studies included in the review exhibit EUS as a complementary imaging technique 

to other imaging modalities such as CT and PET scanning for staging gastro-oesophageal cancer. 

This is in agreement with a previously published meta-analysis study of diagnostic test 

characteristics for EUS, CT, and PET scanning (van Vliet et al., 2008), concluding that the three 

approaches were complementary.  

 

Results from three of the economic studies (Russell et al., 2013; Chang et al., 2003; Shumaker et 

al., 2002) show staging of oesophageal or gastro-oesophageal cancer with EUS could potentially 

save costs. Similarly, results from two of the modelling studies (Harewood et al., 2002; Hadzijahic 

et al., 2000) show that EUS or EUS-fine-needle aspiration biopsy (FNA) is the least costly staging 

technique for oesophageal cancer. The study by Wallace et al. (2002) shows that EUS-FNA in 

addition to CT scan is the least costly strategy than all other strategies i.e. CT alone, CT+ 

thoracoscopy and laparoscopy (TL), CT+EUS-FNA+TL, CT+PET+EUS-FNA and PET+EUS-FNA. 

 

Results from the two studies (Russell et al., 2013; Wallace et al., 2002) in which quality-adjusted 

life year (QALY) and cost data were available demonstrate the use of EUS (Russell et al., 2013) or 

EUS-FNA (Wallace et al., 2002) as an additional staging technique for gastro-oesophageal cancer 

offered more QALYs and costed less, on average, compared to staging techniques without EUS. 

Russell et al. (2013) reported that EUS resulted in a QALY gain of 0.1969 QALYs and saved costs 

by £2,860, on average, per patient (£3,364 per patient, 2017 price year); combining these 

benefits and savings demonstrates that EUS is likely to be cost-effective with a probability of 96% 

at the UK NICE’s threshold of £20,000-£30,000 per QALY (NICE, 2013). 

 

Similarly, Wallace et al. (2002)’s modelling study showed that using EUS-FNA as an additional 

staging technique offered greater QALYs and saved more costs, on average, than staging strategy 

without EUS. For example, the combination of CT and EUS-FNA (CT+EUS-FNA) provided 0.0019 

more QALYs and saved US$1,790, on average, per patient (£1,969 per patient, 2017 price year) 

compared to CT alone strategy. The authors argued that, among all the six staging strategies 

evaluated (i.e. CT alone, CT+EUS-FNA, CT+TL, CT+EUS-FNA+TL, CT+PET+EUS-FNA and PET+EUS-

FNA), CT+EUS-FNA was the least costly strategy (US$40,363) (£44,392, 2017 price year) and 

offered higher QALYs on average (0.9649) than all other strategies with the exception of 

PET+EUS-FNA (US$44,521 for 1.0336 QALYs) (£48,965, 2017 price year). The latter was slightly 



more effective (by 0.0687 QALYs on average) but more costly (by US$4,158 on average [£4,573, 

2017 price year]) compared with CT+EUS-FNA, yielding a marginal cost-effectiveness ratio of 

US$60,544 per QALY (£66,588 per QALY, 2017 price year), a ratio that is less than that of other 

medical treatments but above accepted thresholds in the USA and UK. 

 

3.5 Discussion 

3.5.1 Main Findings 

This systematic review of economic evidence of EUS staging in patients with GOC, conducted up 

till 2016, updated in 2018 and again in 2021, overall, it revealed a considerably small number of 

relevant studies. Studies varied in quality, study design and method. Study quality was generally 

satisfactory across all the studies included in the review, but only one of these studies (Russell et 

al., 2013) met all reporting and quality criteria. Differences in study design make it difficult to 

draw definitive conclusions as to whether the use of EUS as an additional staging technique could 

be considered cost-effective. For example, a head-to-head comparison of the results couldn’t be 

made from the Russell et al. (2013) and Wallace et al. (2002) studies to draw definitive 

conclusions. Although both of these studies had evaluated both costs and QALYs, their respective 

study designs were too different to allow direct comparison; one was an economic evaluation 

study using primary data (Russell et al., 2013) and the other an economic modelling study using 

secondary data (Wallace et al., 2002). Nevertheless, the economic evidence identified in this 

review, especially the better quality studies, provided useful findings on the value of EUS staging 

in the management of GOC patients, which could be of importance to policymakers and 

healthcare commissioners. 

 

Among the six studies included in the review, two studies (Russell et al., 2013; Wallace et al., 

2002) are the most robust in terms of including and comparing the relative costs and QALYs of 

different staging strategies, for example GOC staging with and without EUS. Findings from both 

of these two studies demonstrated that use of EUS as an additional imaging technique could save 

costs and offer greater QALY gains. This could be due to the fact that EUS has been known to be 

beneficial in terms of sensitivity for locoregional staging of GOC, as it allows a more detailed 

evaluation of locoregional disease extent (T and N stage) (Thakkar and Kaul, 2020; Valero and 

Robles-Medranda, 2017; Allum et al., 2011; Takizawa et al., 2009; Puli et al., 2008; van Vliet et 

al., 2008; Allum et al., 2002; Grimm et al., 1993; Botet et al., 1991a; Botet et al., 1991b). For that 

reason, using EUS as a complementary imaging technique to other imaging techniques such as 



CT and PET scanning for staging GOC could undoubtedly help minimise unnecessary treatments 

(Valero and Robles-Medranda, 2017; Allum et al., 2011; Allum et al., 2002; Dittler et al., 1995; 

Rösch et al., 1992); and thus potentially could save costs and offer greater health benefits to 

patients in terms of QALY gains. The EUS cost saving evidence was also supported by the 

remaining four studies (Chang et al., 2003; Shumaker et al., 2002; Harewood et al., 2002; 

Hadzijahic et al., 2000) evaluating only the cost of EUS e.g. whether EUS is a cost saving strategy 

or the least costly staging strategy. Russell et al. (2013) further argued that EUS has a 

considerably high probability of being cost-effective under current recommended UK NICE’s 

threshold of £20,000 to £30,000 per QALY (NICE, 2013). Thus, despite the scarcity of economic 

evidence in this field, from these studies identified in the review, there is some positive economic 

evidence relating to the cost-effectiveness of EUS in the management of patients with GOC. 

 

3.5.2 Strengths and Limitations of Review Methods 

This review adds to the literature by providing critical evaluation of the health economics 

evidence of EUS staging in gastro-oesophageal cancers (GOCs), for which there is a lack of well-

conducted economic studies. Though a systematic review in this field was published 20 years ago 

(Harris et al., 1998), this systematic review is the most up-to-date collection of economic 

literature in this area. Twenty years on since the review by Harris et al. (1998), still only six papers 

were found in the area of health economics of EUS staging in GOC. This shows that there is a lack 

of prioritisation of research in this area. 

 

Broad search terms were used to develop a comprehensive search strategy for each of the 

databases used in this systematic review. The resultant retrieved studies were quality appraised, 

using both the Critical Appraisal Skills Programme (CASP) economic evaluation checklist (CASP, 

2017) and the Philips et al’s economic modelling checklist (Philips et al., 2004) for the retrieved 

economic studies and economic modelling studies, respectively. The narrative summary of the 

review not only described the economic evidence of EUS staging in GOC but also served as a 

platform for providing a holistic insight into the health economics research available to date in 

this area. The latter is particularly helpful for commissioners, clinicians and researchers to elicit 

information and potentially to facilitate the development of further research in this area. 

 

This review has several limitations. Heterogeneity of the included studies in the review in terms 

of study designs and methods meant that a meta-analysis of studies was not possible and a 



narrative summary was used. In terms of impact that EUS has on patients’ quality of life and its 

costs, the lack of the availability of health economics research in this area means that it is 

considerably difficult, particularly for commissioners and clinicians, to guide evidence-based 

practice from an economic perspective. 

 

3.5.3 Further Research 

By 2021, this series of systematic reviews show that the economic evidence available to date in 

this area is still scarce. There was a lack of health economic research collecting data, especially 

primary data, on both costs and effects (such as utility values to construct QALYs) of EUS staging 

in GOC. To improve this, there is a need for more primary health economic research in this area, 

particularly integrated clinical and economic trials of EUS staging in GOC that can offer robust 

evidence of costs and effects. 

 

3.6 Conclusions 

There is still not a great deal of evidence on costs and benefits of EUS staging for GOC, the data 

available from this review suggest use of EUS as a complementary staging technique to other 

staging techniques for GOC appears to be cost saving and offers greater QALYs. Based on the 

randomised controlled trial conducted in the UK identified in this review, EUS seems to have high 

probability of being cost-effective at the UK NICE’s threshold of £20,000-£30,000 per QALY. 

Nevertheless, future studies are necessary because the economic evidence around EUS staging 

interventions for GOC is far from robust. More health economic research and good quality data 

are needed to judge the economic benefits of EUS staging for GOC, particularly primary health 

economic research that collects primary data on the costs and effects (such as QALYs) of EUS 

staging in GOC. 

 

3.7 Novel contributions 

The conduct of a systematic review of the economic evidence of EUS staging in GOC is novel in 

the field of health economics, endoscopic ultrasound and gastro-oesophageal cancer. 

 

The detailed, comprehensive, and transparent reporting of the methodology of this systematic 

review aids future work on systematic reviews of EUS staging in GOC, particularly on an update 

of this systematic review. 

 



The extensive search terms designed for this systematic review as well as the detailed and 

comprehensive search strategy developed for each search database used in this systematic 

review aid the design of future systematic reviews of EUS staging within the context of health 

economics. 

 

Up to 2021, this is the first economic-specific systematic review of EUS in GOC staging. Thus, it is 

believed that the systematic identification, screening, extraction, appraisal, and exploration of 

the available existing literatures can provide robust evidence-based information for policy 

makers in their decision making on the economic value of the use of EUS staging in GOC setting. 

 

 

 



Chapter 4: The utilisation of endoscopic ultrasound for gastro-oesophageal cancer staging 
and the current practice in the UK: a healthcare professional survey 

 

4.1 Chapter Summary 

As well as a lack of cost-effectiveness analysis studies of endoscopic ultrasound (EUS) in 

gastro-oesophageal cancer (GOC) staging having been conducted alongside a randomised 

controlled trial until the inception of the HTA-funded COGNATE trial (Chapter 2), the 

utilisation of EUS in GOC in clinical practice has also not been widely surveyed. Prior to the 

launch of our survey in mid-October 2017, only one US survey study exploring the utilisation 

of EUS in oesophageal cancer staging has been completed but no equivalent UK study was 

found. As of January 2021, this is the first UK EUS survey study of its kind in the context of 

GOC that aimed to explore the views of UK GOC clinicians on the utilisation of EUS in GOC 

staging, its current clinical practice in the UK, factors associated with referral for EUS, and 

factors that are considered to have influence on the utilisation of EUS in GOC staging. 

 

An online survey of health care professionals on the utilisation of EUS and the current clinical 

practice in the UK was conducted. Bristol Online Survey tool was used to design the online 

survey questionnaire. Questions covering clinician’s knowledge and feeling about the use of 

EUS, clinician’s experience in the field of EUS, current use of EUS, reasons where EUS may be 

limited, the usefulness and availability of EUS and clinician’s clinical management style, were 

explored. Health care professionals were invited through two UK professional bodies – British 

Society of Gastroenterology (BSG) and Welsh Association of Gastroenterologists and 

Endoscopists (WAGE) – via email to take part in the online survey. Ethical approval was 

granted from the School of Healthcare Sciences Ethics and Research Committee at Bangor 

University. Completed online survey responses were collected and transferred on to the 

University’s encrypted computer for analysis. Descriptive statistics and exploratory logistic 

regression analyses were performed using the IBM SPSS Statistics 25 software package. 

 

Ninety-eight respondents completed the online survey questionnaire. Most of the 

respondents were from England (n=69; 70.4%), male (n=76; 77.6%) with a mean age of 46.6 

years (SD = 9.4 years) and gastroenterologists (n=79; 80.6%). The majority support the use of 

EUS for staging GOC (n=89; 90.8%) as they believed that EUS offers the best local regional 



staging of GOC, offers opportunity to biopsy during staging and the cost-effectiveness of using 

EUS to stage GOC. Of the 98 respondents, 81 (82.7%) reported that they have experience in 

the field of EUS either by requesting, performing or both. These 81 respondents were asked 

to complete further questions including (but not limited to): the perceived usefulness of EUS, 

availability of EUS and clinical management style. In terms of perceived usefulness of EUS, 

over 90% of the 81 respondents felt that EUS is more useful for staging oesophageal cancer 

(n=78; 96.3%) and gastro-oesophageal junction cancer (n=78; 96.3%) than gastric cancer 

(n=58; 71.6%). About three-quarters of the 81 respondents reported that EUS is available 

within their hospital. With regards to EUS referral, these 81 respondents estimated that they 

referred, on average, more oesophageal and gastro-oesophageal junction cancer patients for 

EUS staging (57.2% and 60.1%, respectively) compared to gastric cancer patients (12.7%). 

Clinical vignette results showed that clinicians’ recommendations in treatment decisions 

varied depending upon tumour stage. When potential factors associated with referral for EUS 

were explored, two factors – ‘attend Multidisciplinary Team (MDT) meeting’ and ‘clinicians’ 

age’ – demonstrated significant association (p<0.05) with referral of GOC patients for EUS, 

with ‘attend MDT meeting’ was the most important factor.  

 

Attendance at MDT meetings is likely to increase EUS referral; hence, it may be beneficial to 

encourage GOC clinicians to attend MDT meetings as this may help to avoid unnecessary 

treatment in GOC patients. More research into the field of EUS for GOC staging are required 

to increase the use of EUS in clinical practice. This would aid clinical decision making in 

treatment recommendations for GOCs. Benefits may be gained if EUS could be offered in 

more clinical settings to avoid delays in the diagnosis and treatment planning of GOCs. 

However, it is acknowledged that there are logistical, cost and training challenges in providing 

EUS at every hospital in the UK. 

 

 



4.2 Introduction 

Endoscopic ultrasound (EUS) has been advocated as the useful staging modality to assess the 

extent of local disease spread and prediction of operability for gastro-oesophageal cancer 

(GOC) patients with non-metastatic disease (Thakkar and Kaul, 2020; DaVee et al., 2017; 

Valero and Robles-Medranda, 2017; Allum et al., 2002). There is evidence that EUS has 

superior local regional staging ability in assessing the depth of tumour invasion (T) and the 

presence of locoregional lymph node involvement (N) for GOC compared to computed 

tomography (CT) and positron emission tomography (PET), particularly for detection of 

regional lymph node metastases although the complementary nature of these staging 

techniques must be given emphasis on (Thakkar and Kaul, 2020; DaVee et al., 2017; Valero 

and Robles-Medranda, 2017; RCSE, 2013; Allum et al., 2011; Puli et al., 2008; van Vliet et al., 

2008; Pfau et al., 2007; Lowe et al., 2005; Botet et al., 1991a; Botet et al., 1991b; Vilgrain et 

al., 1990). In addition, from an economic perspective, EUS has been shown to be cost saving 

and offers greater quality-adjusted life years (QALYs) (Yeo et al., 2019, Russell et al., 2013). 

 

Despite the sensitivity, specificity, effectiveness, and cost-effectiveness of EUS in GOC staging 

have been evaluated in the setting of research, the utilisation of EUS in GOC in clinical practice 

has not been widely surveyed. To date (up until the launch of our survey in Autumn 2017), 

only one US survey study by Kim and Koch (1999) exploring the utilisation of EUS in 

oesophageal cancer staging has been completed but no equivalent UK study was found.  

 

Given that no survey study in this field has been conducted in the UK before the launch of our 

survey in Autumn 2017, it is therefore crucial to fill the gap of knowledge missing in this field 

by conducting one in the UK. This survey study aimed to explore the views of UK GOC clinicians 

(i.e. gastroenterologists, oncologists) on the utilisation of EUS in GOC staging, its current 

clinical practice in the UK and potential factors associated with referral for EUS. The factors 

that are considered to have influence on the utilisation of EUS in GOC staging in clinical 

practice including (but not limited to) the following were also explored: clinicians’ knowledge 

of EUS for staging GOC, individuals’ perceptions about clinical utility of EUS, availability of EUS 

and individuals’ clinical management style. 

 

 



4.3 Methods 

4.3.1 Study design 

An online survey design was used involving closed and open questions. The online survey was 

designed and carried out in accordance with the published guidance for online questionnaire 

surveys (Regmi et al., 2016).  

 

4.3.2 Study sample 

Study samples were invited through two UK professional bodies – British Society of 

Gastroenterology (BSG) and Welsh Association for Gastroenterology and Endoscopy (WAGE) 

– via email to take part in the online survey of this study. Based on the estimate of an 

approximately 300 GOC clinicians in the UK, the margin of error of 5% - 8% and the confidence 

level of 95%, it was calculated that 100 – 169 responses (i.e. people who have completed and 

submitted online the survey questionnaire) were aimed. Higher number of respondents 

would be favourable as it would give higher precision of any estimates made. Given that there 

is no national database of clinicians with an interest in GOC in the UK, we have made an 

estimate on the number of GOC clinicians in the UK based on the data available from the UK 

NHS Digital on number of hospitals in the UK (Healthcare Quality Improvement Partnership, 

2016), and hence an estimate of number of Multidisciplinary Teams (MDTs) and GOC-

interested clinicians (personal communications with Dr Hasan Haboubi, Consultant 

Gastroenterologist and Clinical Advisor to this thesis). Our estimate is further supported by 

the data from AUGIS (2020) where it estimated that there are approximately 150 resectional 

upper GI surgeons performing surgery on gastro-oesophageal cancer in the UK. Accounting 

for Gastroenterologists/Radiologists/Oncologists that may support the surgeons/consultants 

within the MDTs (but who may not all be involved in EUS), this number (150) were doubled. 

Therefore, the combination of both of these datasets suggests that there are approximately 

300 individuals in the UK who have an interest in GOC and insight into the potential use of 

EUS, and thus this was taken as a figure by which to calculate the study sample needed for 

the survey. 

 

4.3.3 Procedure 

This survey study was conducted through two UK professional bodies – British Society of 

Gastroenterology (BSG) and Welsh Association of Gastroenterologists and Endoscopists 



(WAGE). An email invite was sent out through BSG and WAGE to their registered members 

(i.e. clinicians – gastroenterologists, surgeons, radiologists and oncologists) to complete the 

online survey. The email invite (see Appendix 4.1) consists of a support note from the 

Chairman of the Oesophageal Section of the BSG, the information about the survey study, 

and a web-link to the online survey questionnaire. The online survey was open running for six 

months, from mid-October 2017 to mid-April 2018. To help increase the survey responses, 

two email reminders were sent out through BSG and WAGE in the final two months of the six-

month opening period of the online survey.  

 

Clinicians’ consent to take part in the study was determined by the submission of the 

completed online survey – A debrief statement, that includes the researcher’s contact 

information and a statement to restate that respondents have the right to withdraw, but that 

by submitting they are agreeing to participate, was included at the end of the online survey 

(see Appendix 4.2). The online survey contains no identifiable information, so confidentiality 

was maintained. 

 

In recognition of respondents’ time given to complete the online survey, they were offered 

to enter into a prize draw at the end of their completed online survey. If they wish to enter 

into a prize draw to win a £100 Amazon voucher, they were asked to provide their email 

address at the end of their completed survey. 

 

Completed online survey responses were collected and transferred into Excel and SPSS format 

on the University’s encrypted computer for analysis. All data provided by respondents were 

handled in confidence and in accordance with the Data Protection Act 1998. Subsequent 

statistical analyses were then carried out using SPSS statistical software package, namely IBM 

SPSS Statistics 25 (IBM SPSS Statistics for Windows, Version 25.0. Armonk, NY: IBM Corp., 

2017). 

 

4.3.4 The Online survey questionnaire 

An online survey questionnaire (see Appendix 4.2) was designed using the Bristol Online 

Survey (BOS) tool. The questionnaire consists of five sections: (1) demographic characteristics 

of clinicians; (2) clinician’s knowledge and feelings about the use of EUS; (3) clinician’s 



experience in the field of EUS; (4) current use of EUS, reasons where EUS may be limited, the 

usefulness and availability of EUS; and (5) clinician’s clinical management.  

 

In the first section of the online survey questionnaire, demographic details included (but not 

limited to) age, gender, years in practice since primary medical qualification, and hospital at 

which respondents are practicing. In the second section, respondents were asked about their 

knowledge and feelings about the use of EUS. In this section, respondents were also asked if 

they support the use of EUS for staging GOC and the rationale of their response. In the third 

section, they were asked about their experience in the field of EUS. For those respondents 

who responded that they have experience in the field of EUS, they were required to complete 

the next sections of the online survey filling with questions relating to their experience in the 

field of EUS. Questions about whether the respondents have experience in requesting and/or 

performing EUS were asked, and if they do, they were asked to estimate the number of EUS 

requested and/or performed per 3-month period. In the fourth section, questions relating to 

their current use of EUS, reasons where EUS may be limited, the perceived usefulness and 

availability of EUS, were asked. The perceived usefulness of staging with EUS was assessed by 

asking the respondents to rate on a five-level Likert scale. The availability of EUS within 

respondents’ hospital was assessed; if EUS is unavailable within their hospital, they were 

asked as to which hospital GOC patients were usually referred to for EUS scans, and whether 

it was a teaching hospital. In this section, they were also asked to estimate the total number 

of gastro-oesophageal malignancies (oesophageal, gastro-oesophageal junction and gastric 

cancers) cases seen, and the number referred for EUS. Finally, in the fifth section, a series of 

pre-validated clinical vignettes (Kim and Koch, 1999) was presented to assess how do 

different clinicians manage different situations of GOC patients based upon small changes in 

tumour stage. 

 

In accordance with the good practice for the design and application of online questionnaire 

surveys described in Regmi et al. (2016), a pilot study was carried out with potential 

participants (MDT GOC-interested clinicians) to check that the questions and instructions 

were clear, adequate and in the right sequence, as well as the contents were comprehensive 

and clear. By piloting the survey questionnaire, it allows experts in the field to review the 

survey and provide their feedback (Regmi et al., 2016; van Teijlingen and Hundley, 2002). Our 



pilot study showed that the online survey questionnaire took approximately 10 minutes to 

complete.  

 

4.3.5 Ethics 

Ethical approval for this survey study was granted from the Bangor University’s School of 

Healthcare Sciences Ethics and Research Committee (study’s reference number: 2017-16023, 

20 June 2017, see Appendix 4.3). National Health Service Research Ethics Committee (NHS 

REC) approval and Research and Development (R&D) permission were not required as this 

survey study was classified as a service evaluation study. However, this survey study was 

registered with five out of the seven Welsh Health Boards’ Clinical Audit Office, as required: 

Betsi Cadwaladr University Health Board (BCUHB), Hywel Dda University Health Board 

(HDUHB), Cardiff and Vale University Health Board (CVUHB), Powys Teaching Health Board 

(PTHB) and Cwm Taf University Health Board (CTUHB). Whereas, the remaining two Welsh 

Health Boards did not require the need to register the survey study with their Clinical Audit 

Office: Abertawe Bro Morgannwg University Health Board (ABMUHB) (this has now changed 

its name to “Swansea Bay University Health Board”) and Aneurin Bevan University Health 

Board (ABUHB). 

 

4.3.6 Statistical analyses  

Statistical analyses were performed using the IBM SPSS Statistics 25 software package (IBM 

SPSS Statistics for Windows, Version 25.0. Armonk, NY: IBM Corp., 2017). Descriptive statistics 

analyses were performed whereby number and percentage, or mean, standard deviation, 

median, interquartile range and range were reported, as appropriate. In addition, an 

exploratory logistic regression analysis was undertaken to determine factors associated with 

referral for EUS for GOC staging. Based on the evidence from the published US survey study 

by Kim and Koch (1999) and guided by clinical inputs from an UK-based GOC expert clinician 

(also the clinical advisor on my supervisory team), several factors were proposed as potential 

predictors of referral for EUS for GOC staging in clinical practice. Factors considered for 

inclusion in the logistic regression model were: (1) clinical management style (aggressive vs. 

conservative), (2) usefulness of EUS (somewhat/very useful/essential vs. slightly/not useful), 

(3) availability of EUS (yes vs. no), (4) attend MDT meeting (yes vs. no), (5) age, and (6) years 

in practice. Clinical management style was derived from respondents’ responses to the pre-



validated clinical vignette describing the different EUS staging results of a patient with 

heartburn and is found to have a 2cm diameter distal oesophageal adenocarcinoma. As 

guided by Kim and Koch (1999), respondents who chose curative surgery as a method of 

management for stage III (T3N1) oesophageal cancer (i.e. mass penetrates all wall layers with 

two round 1cm peri-oesophageal node) were considered to have an aggressive management 

style. For the variable ‘usefulness of EUS’, it was dichotomised into the two groups (i.e. 

somewhat/very useful/essential vs. slightly/not useful) as guided by Kim and Koch (1999). 

 

Independent samples T-test and Chi-square test were used for continuous variables and 

categorical variables, respectively, as appropriate. For the two continuous variables i.e. ‘Age’ 

and ‘Years in Practice’, firstly, normality test was carried out to examine whether an 

independent samples T-test (a parametric test) or a Mann-Whitney U test (a non-parametric 

equivalent to the independent samples T-test) should be employed. Results showed that both 

of the continuous variables (‘Age’ and ‘Years in Practice’) are normally distributed (p>0.05); 

thus, an independent sample T-test (a parametric test) was undertaken to examine whether 

there is a statistically significant difference in means of ‘Age’ and ‘Years in Practice’ between 

groups (somewhat/very useful/essential vs. slightly/not useful). For the four categorical 

variables (i.e. ‘clinical management’, ‘perceived usefulness of EUS’, ‘availability of EUS’ and 

‘attend MDT meeting’), Chi-square test was performed to examine association between 

groups (i.e. ‘perceived usefulness of EUS’ vs. other categorical variables).  

 

For the exploratory logistic regression analysis, both univariate and multivariate logistic 

regression analyses were performed. Univariate logistic regression analysis was undertaken 

to assess whether or not there was a significant association between each of the six factors 

(independent variables) and the factor ‘referral for EUS’ (dependent variable). Taking account 

of confounding factors, multivariate logistic regression analysis was performed using a 

backward stepwise method to derive a multivariate model. To make sure that none of the 

confounding factors was erroneously removed from the final model, removed variables were 

added back individually into the final model and the odds ratios for statistically significant 

variables were assessed. If the odds ratios for statistically significant variables changed by 

more than 10%, the removed variables were added back and forced into the final model. The 

significance level at p=0.05 was used for all statistical comparisons. 



4.4 Results 

4.4.1 Survey responses 

Online survey questionnaires were completed and submitted by 98 respondents who were 

invited through two UK’s Gastroenterology professional bodies – BSG and WAGE. The 

minimum sample suggested by the calculations was 100 – this would achieve a margin of error 

of approximately 8%, 98 responses were achieved. 

 

4.4.2 Descriptive statistics 

Descriptive statistics analyses results were reported for all five sections of the survey 

questionnaire:  

(A) Clinicians’ demographic details 

(B) Clinicians’ knowledge and feelings about the use of EUS 

(C) Clinicians’ experience in the field of EUS i.e. request and/or perform EUS 

(D) Clinicians’ current use of EUS and reasons where this may be limited, the usefulness 

and availability of EUS 

(E) Clinicians’ clinical management 

 

4.4.2.1  Section A: Clinicians’ demographic details (n=98) 

In terms of geographical spread of the survey, most (n = 69; 70.4%) were from England, 17 

(17.3%) from Wales, 6 (6.1%) from Scotland, 3 (3.1%) from Northern Ireland and 3 (3.1%) had 

missing information. The majority (n = 66; 67.3%) heard about this survey through BSG email, 

with the next highest through a WAGE email (n=11; 11.2%). 

 

The study sample was predominantly male (n = 76; 77.6%) with a mean age of 46.6 years (SD 

= 9.4), 17 (17.3%) were female with a mean age of 43.6 years (SD=7.4) (Table 4.1). Of the 98 

respondents, the majority (n=79; 80.6%) were gastroenterologists and the remaining were GI 

surgeons (n = 13; 13.3%), oncologists (n = 1; 1.0%), and radiologists (n = 3; 3.1%). More than 

85% of the study sample (n=85; 86.7 %) were members of the British Society of 

Gastroenterology (BSG) with 11 having more than one membership of other medical societies 

including WAGE, or Association of Upper Gastrointestinal Surgeons (AUGIS), British Society of 

Gastrointestinal and Abdominal Radiology (BSGAR), UKEUS, Royal College of Radiologists 

(RCR) and others. Fourteen (14.2%) were a member of WAGE with 10 of these also a member 

of other professional bodies such as BSG, Association of Surgeons of Great Britain and Ireland 



(ASGBI), United European Gastroenterology (UEG) and British Association of Cancer Research 

(BACR). 

 

The survey respondents have practiced in their field for an average of 21.7 (SD = 9.2) years.  

Of the 98 respondents, the majority (n=72; 73.5%) have regular (i.e. weekly) exposure and 

contact with gastro-oesophageal cancer (GOC) patients; slightly more than half (n=54; 55.1%) 

are based at Teaching hospitals and the remaining 42 respondents (42.9%) at District General 

hospitals. Over 90% (n=89; 90.8%) reported that their hospital does run an Upper GI cancer 

Multi-Disciplinary Team (MDT) meeting. Of the 98 study sample, the majority (n=73; 74.5%) 

attended an Upper GI MDT meeting. 

 

Table 4.1: Demographic characteristics of the survey sample (n=98). 

Characteristics Number (%) 

Responses by region  

England 69 (70.4) 

Wales 17 (17.3) 

Scotland 6 (6.1) 

Northern Ireland 3 (3.1) 

Missing 3 (3.1) 

  

Heard about this survey via….  

BSG email 66 (67.3) 

BSG Newsletter 7 (7.1) 

BSG website 4 (4.1) 

BSG website + BSG email 2 (2.0) 

WAGE email 11 (11.2) 

Other (such as colleague and Twitter) 7 (7.1) 

Missing 1 (1.0) 

  

Gender  

Male 76 (77.6) 

Female 17 (17.3) 



Missing 5 (5.1) 

  

Age (years): mean (SD); range  

Overall (n = 94, n = 4 missing) 46.2 (9.1); 32–65  

Male (n = 74, n = 2 missing) 46.6 (9.4); 32–65 

Female (n = 16, n = 1 missing) 43.6 (7.4); 32–57 

  

Which of the following best describes you?  

Gastroenterologist 79 (80.6) 

GI Surgeon 13 (13.3) 

Oncologist 1 (1.0) 

Radiologist 3 (3.1) 

Missing 2 (2.0) 

  

You are a member of...  

BSG 74 (75.5) 

WAGE 4 (4.1) 

BSG + WAGE 7 (7.1) 

BSG + other 3 (3.1) 

WAGE + other 2 (2.0) 

All – BSG+WAGE+Other 1 (1.0) 

Other (e.g. AUGIS, UK EUS User etc) 7 (7.1) 

  

Years in practice since medical qualification (n=97): mean (SD); range 21.7 (9.2); 7–42 

  

Which of the following best describes your exposure and contact with 

gastro-oesophageal cancer patient? 

 

Yes – Regularly (i.e. weekly) 72 (73.5) 

Yes – Sometimes (i.e. monthly) 20 (20.4) 

Yes – Rarely (i.e. yearly) 3 (3.1) 

Yes – But hardly ever (Longer than yearly) 1 (1.0) 

No – Never at all 0 (0.0) 



Missing 2 (2.0) 

  

Is your current hospital a......  

Teaching Hospital 54 (55.1) 

District General Hospital 42 (42.9) 

Missing 2 (2.0) 

  

Does your hospital run an Upper GI cancer MDT meeting?  

Yes 89 (90.8) 

No 5 (5.1) 

Missing 4 (4.1) 

  

Do you attend an Upper GI cancer MDT meeting?  

Yes 73 (74.5) 

No 23 (23.5) 

Missing 2 (2.0) 

  

Figures are numbers (percentages) unless stated otherwise. 
SD, standard deviation; MDT, Multi-Disciplinary Team 
 
 



4.4.2.2 Section B: Clinicians’ knowledge and feelings about the use of EUS (n=98) 

Table 4.2 shows the results of the questions asking the respondents about their knowledge 

and feelings about the use of EUS. Eighty-six respondents (87.8%) reported that they have 

experience in the staging of GOC. Oesophageal cancer was the type of cancer that the 

majority (n=91; 92.9%) think EUS can accurately stage, followed by gastro-oesophageal 

junction cancer (n=84; 85.7%), gastric cancer (n=36; 36.7%) and other lesions (n=10; 10.2%). 

 

Of the 98 survey sample, 70 (71.4%) respondents agreed that EUS helps to reduce 

unnecessary surgery for GOC patients, 12 (12.2%) did not agree and 16 (16.3%) were not sure. 

Of those (n=70) that agreed EUS helps, just over 40% in total (n=29; 41.4%) estimated that 

EUS helps somewhat a lot (n=25; 35.7%) or a lot (n=4; 5.7%) in reducing unnecessary surgery, 

however more than half in total (n=41; 58.6%) estimated that EUS helps somewhat little 

(n=34; 48.6%) or very little (n=7; 10.0%). 

 

Of the 98 respondents, most (n=42; 42.9%) reported that, if EUS is not currently an option 

used for staging GOC patients and if it was to become available to them, it is likely that they 

will choose to use EUS for staging GOC patients in the future. Interestingly, almost all of the 

98 respondents (n=89; 90.8%) reported that they support the use of EUS for staging GOC, 

mainly for the reason that EUS offers the best local regional staging of GOC (n=77; 86.5%). 

 

When asked about the published COGNATE HTA report, just about one-third of the 98 

respondents (n=28; 28.6%) reported that they are aware of the report and most of them 

(n=22; 78.6%) have read it. For all of those who are aware but have not read the report (n=6; 

21.4%) noted that it is likely that they will read the report. And for those who are not aware 

of the published COGNATE HTA report (n=70, 71.4%), most of these respondents (n=53; 

75.7%) reported that it is likely that they will read the report. 

 

Lastly, when the 98 respondents were asked if they have any experience in the field of EUS 

i.e. request and/or perform EUS, the majority (n=81; 82.7%) responded that they have. These 

81 respondents were then asked to estimate the total number of EUS they requested and/or 

performed per 3-month period, questions related to their current use of EUS and reasons 

where this may be limited, the usefulness and availability of EUS, and also questions related 

to their clinical management. 



 

Table 4.2: Clinician’s knowledge and feelings about the use of EUS (n=98). 

Characteristics Number (%) 

Do you have experience in the staging of GOC?  

Yes 86 (87.8) 

No 12 (12.2) 

  

Which of the following can EUS accurately stage? (Tick all that apply)  

Oesophageal cancer 91 (92.9) 

Gastro-oesophageal junction cancer 84 (85.7) 

Gastric cancer 36 (36.7) 

Other lesion (e.g. not specify) 10 (10.2) 

  

Does EUS help to reduce unnecessary surgery for GOC patients?  

Yes 70 (71.4) 

No 12 (12.2) 

I am not sure 16 (16.3) 

  

If yes, by how much would you estimate EUS reduces unnecessary 

surgery? 

 

Very little 7 (10.0) 

Somewhat little 34 (48.6) 

No difference 0 (0.0) 

Somewhat a lot 25 (35.7) 

A lot 4 (5.7) 

  

If EUS is not currently an option used for staging GOC patients and if it was to 

become available to you, how likely will you choose to use EUS for staging 

GOC patients in the future? 

 

Not applicable 45 (45.9) 

Never 0 (0.0) 

Not likely 5 (5.1) 



Somewhat likely 18 (18.4) 

Very likely 13 (13.3) 

Always 11 (11.2) 

Missing 6 (6.1) 

  

Do you support the use of EUS for staging GOC?  

Yes 89 (90.8) 

No 9 (9.2) 

  

If yes, why? (Tick all that apply)  

EUS offers the best local regional staging of GOC 77 (86.5) 

EUS offers opportunity to biopsy during staging 57 (64.0) 

Cost-effectiveness of using EUS to stage GOC 29 (32.6) 

Other (e.g. superficial cancers can be removed by Endoscopic 

techniques) 

5 (5.6) 

  

If no, why? (Tick all that apply)  

Lack of expertise in performing EUS 2 (22.2) 

Inter-operator variability in interpreting images 5 (55.6) 

Cost-effectiveness of using other staging modalities to stage GOC 2 (22.2) 

Other (e.g. Failure to obtain the required information due to 

structuring disease in the oesophagus) 

5 (55.6) 

  

Are you aware of the published UK COGNATE trial HTA report?  

Yes 28 (28.6) 

If yes, have you read the report?  

Yes 22 (78.6) 

No 6 (21.4) 

If no, how likely is it that you will read the report?  

Not likely 0 (0.0) 

Somewhat likely 1 (16.7) 

Very likely 5 (83.3) 



  

No 70 (71.4) 

If no, how likely is it that you will read the report?  

Not likely 17 (24.3) 

Somewhat likely 28 (40.0) 

Very likely 25 (35.7) 

  

Do you have any experience in the field of EUS (i.e. request and/or perform 

EUS)? 

 

Yes 81 (82.7) 

No 17 (17.3) 

  

Figures are numbers (percentages) unless stated otherwise. 
 



4.4.2.3 Section C: Clinicians’ experience in the field of EUS i.e. by requesting and/or 

performing EUS (n=81) 

Table 4.3 shows that 71 out of 81 respondents who have experience in the field of EUS are 

EUS requesters; these 71 respondents estimated that, on average, they request 12.2 (SD 17.2) 

EUS per 3-month period. Of the 81 respondents, 38 are EUS performers; these 38 respondents 

estimated that, on average, they perform 40.6 (SD 30.1) EUS every 3 months.  

 

Table 4.3: Clinician’s experience in the field of EUS i.e. by requesting and/or performing EUS 
(n=81). 

Clinician’s experience in the field of EUS  

(i.e. by requesting and/or performing EUS) 

Number (%) 

What best describes your experience in the field of EUS?  

I request EUS 40 (49.4) 

I perform EUS 9 (11.1) 

I both request and perform EUS 28 (34.6) 

I do not regularly request EUS and do not perform EUS 3 (3.7) 

I do not request EUS and do not regularly perform EUS 1 (1.2) 

  

  

Estimate how many EUS are requested per 3-month period (n=71): 

mean (SD); IQR; range 

12.2 (17.2); 

2.5-13.5; 0-90 

  

Estimate how many EUS are performed per 3-month period (n=38): 

mean (SD); IQR; range 

40.6 (30.1); 

17.5-55.0; 0-110 

  

Figures are numbers (percentages) unless stated otherwise. 
SD, standard deviation; IQR, interquartile range 
 



4.4.2.4 Section D: Clinicians’ current use of EUS and reasons where this may be limited, the 

usefulness and availability of EUS (n=81) 

Table 4.4 shows the descriptive statistics results of the questions asking the respondents 

about their current use of EUS and reasons where this may be limited, the usefulness and 

availability of EUS. 

 

The majority (n=47; 58.0%) reported that they do not routinely request EUS for staging all 

newly diagnosed GOC patients. Likewise, the majority (n=36; 44.4%) are not likely to request 

EUS for suspected relapse of GOC cancer. Two-thirds (n=54; 66.7%) reported that they do 

have a standard hospital protocol regarding the use of EUS for staging GOC to follow. In terms 

of what proportion of EUS requests are made through the Upper GI Cancer MDT in or outside 

their practice, most of the respondents reported that majority or all EUS requests are made 

through MDT in their practice (total n (%) = 74 (91.4%)) and outside their practice (total n (%) 

= 53 (45.5%)). About 80% (n=65) reported that there are specific situations where they don’t 

use EUS. Advanced metastatic disease (n=57; 87.7%) was reported to be the main specific 

situation followed by patient morbidity (n=39; 60.0%), tight oesophageal stricture (n=38; 

58.5%), other situations e.g. advanced local disease (n=10; 15.4%) and availability of EUS (n=5; 

7.7%). When the respondents were asked what the reasons behind request and utilisation of 

other imaging modalities are compared to EUS in GOC assessment, availability was the reason 

mostly chosen by the respondents (n=29; 44.6%) (see Table 4.4).  

 

In terms of respondents’ thoughts on how useful staging is with EUS in assisting their clinical 

management in patients newly diagnosed with GOCs (i.e. oesophageal cancer, gastro-

oesophageal junction cancer, gastric cancer), gastric cancer had the highest number of 

respondents who reported that EUS was not considered useful (n=23; 28.4%) compared to 

oesophageal cancer (n=3; 3.7%) and gastro-oesophageal junction (GOJ) cancer (n=3, 3.7%). A 

total number of 48 (59.2%), 36 (44.4%) and 34 (41.9%) respondents thought that EUS is 

slightly/somewhat useful for gastric cancer, GOJ cancer and oesophageal cancer, respectively. 

Oesophageal cancer had the majority of responses (n=44, 54.4%) reporting that EUS is very 

useful/essential, followed by GOJ cancer (n=42, 51.8%) and gastric cancer (n=10, 12.3%). 

 

Regarding the availability of EUS, the majority (59 out of 81, 72.8%) reported that EUS is 

available within their hospital. Of these 59 respondents, 39 (66.1%) are practicing at a 



Teaching Hospital and 19 (32.2%) at a District General Hospital. Whereas, 21 out of 81 (25.9%) 

respondents reported that EUS is not available within their hospital and remaining 1 

respondent (1.2%) had missing data. Of these 21 respondents, 15 (71.4%) are practicing at a 

District General Hospital and 5 (23.8%) at a Teaching Hospital. These 21 respondents 

estimated that the average distance between their hospital and the hospital to which they 

usually refer their patients for EUS is 21.4 miles (SD 21.7 miles). Of these 21 respondents, 

almost all (n=19, 90.5%) reported that the hospital for which their patients are usually 

referred to for EUS screening is a teaching hospital.  

 

In addition, all of the 81 respondents were asked to estimate the total number of patients 

seen and approximately how many of these patients seen underwent EUS in the past 12 

months for each type of the GOCs. On average, most of the oesophageal and GOJ cancer 

patients seen had EUS: Out of the estimated average of 30.6 oesophageal cancer patients 

seen, 17.5 (57.2%) had EUS; whereas for GOJ cancer patients, 11.6 out of 19.3 (60.1%) 

patients seen underwent EUS. For gastric cancer patients, only a few had EUS (2.53 out of 

20.0 (12.7%) patients seen had EUS).  

 

Table 4.4: Clinicians’ current use of EUS and reasons where this may be limited, the 
usefulness and availability of EUS (n=81). 

Clinicians’ current use of EUS and reasons where this may be limited, the 

usefulness and availability of EUS 

Number (%) 

  

(A) Clinician’s current use of EUS and reasons where this may be limited  

Do you routinely request EUS for staging all newly diagnosed GOC patients?  

Not applicable (I am unable to request EUS) 2 (2.5) 

Yes 32 (39.5) 

No 47 (58.0) 

  

How likely are you to request EUS for suspected relapse of GOC cancer?  

Not applicable (I am unable to request EUS) 2 (2.5) 

Never 4 (4.9) 

Not likely 36 (44.4) 



Somewhat likely 24 (29.6) 

Very likely 9 (11.1) 

Always 0 (0.0) 

Missing 6 (7.4) 

  

Do you have a standard hospital protocol regarding the use of EUS for 

staging GOC to follow? 

 

Yes 54 (66.7) 

No 26 (32.1) 

Missing 1 (1.2) 

  

What proportion of EUS requests are made through the Upper GI Cancer 

MDT in your practice or outside? 

 

In your practice  

All in MDT 37 (45.7) 

Majority in MDT 37 (45.7) 

Approximately equal requests through MDT and outside MDT 4 (4.9) 

Majority outside MDT 2 (2.5) 

All outside MDT 1 (1.2) 

  

Outside your practice  

All in MDT 22 (7.2) 

Majority in MDT 31 (38.3) 

Approximately equal requests through MDT and outside MDT 4 (4.9) 

Majority outside MDT 3 (3.7) 

All outside MDT 0 (0.0) 

Missing 21 (25.9) 

  

Are there specific situations where you don’t use EUS?  

Yes 65 (80.2) 

No 16 (19.8) 

If yes…  



a) What are the specific situations where you don’t use EUS? 

(n=65) 

 

Availability 5 (7.7) 

Tight oesophageal stricture 38 (58.5) 

Patient morbidity 39 (60.0) 

Advanced metastatic disease 57 (87.7) 

Other (e.g. advanced local disease etc.) 10 (15.4) 

  

b) What are the reasons behind request and utilisation of other 

imaging modalities compared to EUS in GOC assessment? (n=65) 

 

Availability 29 (44.6) 

Cost 8 (12.3) 

Expertise 17 (26.2) 

Resources e.g. staffing constraints and etc. 15 (23.1) 

Time taken to perform EUS procedure 10 (15.4) 

Patient comfort 10 (15.4) 

Other (e.g. when EUS cannot technically be performed etc.) 27 (41.5) 

  

(B) Usefulness of EUS  

In patients newly diagnosed with following gastro-oesophageal malignancies, 

how useful is staging with endoscopic ultrasound in assisting your clinical 

management? 

 

a) Oesophageal cancer  

Not useful 3 (3.7) 

Slightly useful 10 (12.3) 

Somewhat useful 24 (29.6) 

Very useful 22 (27.2) 

Essential 22 (27.2) 

  

b) Gastro-oesophageal junction (GOJ) cancer  

Not useful 3 (3.7) 

Slightly useful 7 (8.6) 



Somewhat useful 29 (35.8) 

Very useful 24 (29.6) 

Essential 18 (22.2) 

  

c) Gastric cancer  

Not useful 23 (28.4) 

Slightly useful 30 (37.0) 

Somewhat useful 18 (22.2) 

Very useful 6 (7.4) 

Essential 4 (4.9) 

  

(C) Availability of EUS  

Is EUS available within your hospital?  

Yes 59 (72.8) 

No 21 (25.9) 

Missing 1 (1.2) 

  

If no…  

a) Please estimate how far (in miles) the hospital is situated 

from your hospital for which you usually refer your patients 

to for EUS screening (n=21): Mean (SD); IQR; range 

21.4 (21.7); 6–30; 

1–80  

  

b) For the hospital that patients are usually referred to for EUS 

screening, is this a teaching hospital? (n=21) 

 

Yes 19 (90.5) 

No 2 (9.5) 

  

In the past 12 months, approximately how many patients with each of the 

following gastro-oesophageal malignancies did you see in total, and 

approximately how many of these patients underwent endoscopic 

ultrasound? 

 

  



a) Oesophageal cancer –  

Total patients seen: Mean (SD); IQR; range 30.6 (35.8); 10-

35; 

0-200 

Had EUS: Mean (SD); IQR; range 17.5 (19.7); 4-

22.5; 

0-89 

  

b) GOJ cancer –  

Total patients seen: Mean (SD); IQR; range 19.3 (22.5); 4-30; 

0-100 

Had EUS: Mean (SD); IQR; range 11.6 (12.6); 2-20; 

0-50 

  

c) Gastric cancer –   

Total patients seen: Mean (SD); IQR; range 20.0 (31.8); 4-20; 

0-200 

Had EUS: Mean (SD); IQR; range 2.53 (3.9); 0-4.3; 

0-20 

  

Figures are numbers (percentages) unless stated otherwise. 
SD, standard deviation; IQR, inter-quartile range; MDT, multi-disciplinary team. 
 

 



4.4.2.5 Section E: Clinicians’ patient management (n=81) 

In the pre-validated clinical vignettes, adapted from Kim and Koch (1999), we assessed how 

clinicians would treat the simulated patient following EUS staging i.e. whether they would 

consider very radical treatment like surgery versus other treatment options. Table 4.5 shows 

that the majority chose to refer the simulated patient for oesophagectomy either with or 

without chemotherapy/radiotherapy for all of the three pre-validated clinical vignettes 

presented to them: (1) mass penetrates all wall layers (T3; CRUK, 2019) with two round 1cm 

peri-oesophageal node (N1; CRUK, 2019) (n=56, 69.1%); (2) mass penetrates all wall layers 

(T3; CRUK, 2019) but no nodes are seen (N0; CRUK, 2019) (n=66, 81.5%); and (3) mass is 

confined to muscularis (T2; CRUK, 2019), no nodes are seen (N0; CRUK, 2019) (n=75, 92.6%). 

 

For the hypothetical scenario showing the simulated patient had a stage III (T3N1) 

oesophageal cancer (i.e. mass penetrates all wall layers with two round 1cm peri-oesophageal 

node), respondents who chose curative surgery as a method of management were considered 

to have an aggressive management style as guided by Kim and Koch (1999) and we evaluated 

this factor ‘aggressive management style’ in the following exploratory regression analyses 

section to assess whether it was also a predictor of preference for EUS referral. 

 

Table 4.5: Clinicians’ patient management (n=81). 

Clinician’s patient management based on a series of pre-validated clinical 

vignette 

Number (%) 

A 58 year-old homemaker presents with heartburn and is found to have a 

2cm diameter distal oesophageal adenocarcinoma. Staging endoscopic 

ultrasound is performed. What treatment would you recommend for each of 

the following EUS results? 

 

  

a) Mass penetrates all wall layers with two round 1cm peri-

oesophageal node: 

 

• Referral for oesophagectomy (with or without chemo/XRT) 56 (69.1) 

• Referral for chemotherapy and/or radiotherapy without 

surgery 

24 (29.6) 

• No treatment, with endoscopic palliation for future symptoms 1 (1.2) 



  

b) Mass penetrates all wall layers but no nodes are seen:  

• Referral for oesophagectomy (with or without chemo/XRT) 66 (81.5) 

• Referral for chemotherapy and/or radiotherapy without 

surgery 

15 (18.5) 

• No treatment, with endoscopic palliation for future symptoms 0 (0.0) 

  

c) Mass is confined to muscularis, no nodes are seen:  

• Referral for oesophagectomy (with or without chemo/XRT) 75 (92.6) 

• Referral for chemotherapy and/or radiotherapy without 

surgery 

5 (6.2) 

• No treatment, with endoscopic palliation for future symptoms 0 (0.0) 

Missing 1 (1.2) 

  

Figures are numbers (percentages) unless stated otherwise. 
 

 

4.4.3 Exploratory logistic regression analyses 

In this section, firstly, demographic characteristics of the study sample (n=81) used in the 

exploratory logistic regression analyses was reported. Next, independent samples t-tests and 

Chi-square tests results for all the factors considered for inclusion in the model were reported. 

Finally, the exploratory logistic regression analyses results with respect to potential factors 

associated with referral for EUS were presented for each type of the gastro-oesophageal 

cancers: oesophageal cancer, gastro-oesophageal junction cancer, gastric cancer and gastro-

oesophageal cancers as a whole. 

 

4.4.3.1 Demographic characteristics of the logistic regression analyses study sample (n=81) 

Table 4.6 shows the demographic characteristics of the 81 respondents who reported that 

they have had experience in requesting and/or performing EUS. In terms of geographical 

spread of the survey, these respondents were mostly from England (n = 58, 71.6%), followed 

by 13 (16.0%) from Wales, 5 (6.2%) from Scotland, 2 (2.5%) from Northern Ireland and 3 

(3.7%) did not provide an answer. The majority heard about the survey through BSG email, 

and the next most was through WAGE email (n = 9, 11.1%). 



 

The study sample was predominantly male (n = 66, 81.5%) with a mean age of 46.8 years (SD 

= 9.2), 12 (14.8%) were female with a mean age of 44.6 years (SD=7.4) (Table 4.6). Of the 81 

respondents, the majority (n=64, 79.0%) were gastroenterologists and the remaining were GI 

surgeons (n = 12, 14.8%), oncologist (n = 1, 1.2%), and radiologists (n = 3, 3.7%). More than 

80% (n=69, 85.2%) were a member of British Society of Gastroenterology (BSG) with 7 of these 

also a member of other professional bodies such as Welsh Association for Gastroenterology 

and Endoscopy (WAGE) etc; Ten (12.3%) were a member of WAGE with 6 of these also a 

member of other professional bodies such as BSG etc.  

 

These 81 survey respondents have practiced in their field for an average of 22.5 (SD = 9.0) 

years. The majority (n=64, 79.0%) have regular (i.e. weekly) exposure and contact with gastro-

oesophageal cancer (GOC) patients; slightly more than half (n=45, 55.6%) are based at 

Teaching hospitals and the remaining 34 respondents (42.0%) at District General hospitals. 

Nearly 90% (n=72, 88.9%) reported that their hospital does run an Upper GI cancer Multi-

Disciplinary Team (MDT) meeting; with the majority (n=66, 81.5%) reporting that they attend 

an Upper GI MDT meeting. 

 

Table 4.6: Demographic characteristics of the survey sample used in exploratory logistic 
regression analyses (n=81). 

Characteristic Number (%) 

Responses by region  

England 58 (71.6) 

Wales 13 (16.0) 

Scotland 5 (6.2) 

Northern Ireland 2 (2.5) 

Missing 3 (3.7) 

  

Heard about this survey via….  

BSG email 54 (66.7) 

BSG Newsletter 6 (7.4) 

BSG website 4 (4.9) 



BSG website + BSG email 2 (2.5) 

WAGE email 9 (11.1) 

Other (such as colleague and Twitter) 5 (6.2) 

Missing 1 (1.2) 

  

Gender  

Male 66 (81.5) 

Female 12 (14.8) 

Missing 3 (3.7) 

  

Age (years): mean (SD); range  

Overall (n = 78, n = 3 missing) 46.7 (8.9); 32-65 

Male (n = 65, n = 1 missing) 46.8 (9.2); 32-65 

Female (n = 11, n = 1 missing) 44.6 (7.4); 33-57 

  

Which of the following best describes you?  

Gastroenterologist 64 (79.0) 

GI Surgeon 12 (14.8) 

Oncologist 1 (1.2) 

Radiologist 3 (3.7) 

Missing 1 (1.2) 

  

You are a member of...  

BSG 62 (76.5) 

WAGE 4 (4.9) 

BSG + WAGE 3 (3.7) 

BSG + other 3 (3.7) 

WAGE + other 2 (2.5) 

All – BSG+WAGE+Other 1 (1.2) 

Other (e.g. AUGIS, UK EUS User etc) 6 (7.4) 

  

Years in practice since medical qualification (n=81): mean (SD); range 22.5 (9.0); 8-42 



  

Which of the following best describes your exposure and contact with 

gastro-oesophageal cancer patient? 

 

Yes – Regularly (i.e. weekly) 64 (79.0) 

Yes – Sometimes (i.e. monthly) 12 (14.8) 

Yes – Rarely (i.e. yearly) 2 (2.5) 

Yes – But hardly ever (Longer than yearly) 1 (1.2) 

No – Never at all 0 (0.0) 

Missing 2 (2.5) 

  

Is your current hospital a......  

Teaching Hospital 45 (55.6) 

District General Hospital 34 (42.0) 

Missing 2 (2.5) 

  

Does your hospital run an Upper GI cancer MDT meeting?  

Yes 72 (88.9) 

No 5 (6.2) 

Missing 4 (4.9) 

  

Do you attend an Upper GI cancer MDT meeting?  

Yes 66 (81.5) 

No 13 (16.0) 

Missing 2 (2.5) 

  

Figures are numbers (percentages) unless stated otherwise. 
SD, standard deviation; MDT, Multi-Disciplinary Team 
 

 

4.4.3.2 Independent Sample T-Test Results 

For gastro-oesophageal junction and gastro-oesophageal cancers, independent sample T-test 

results (see Table 4.7) showed that there was no statistically significant difference (p>0.05) in 

the mean of ‘age’ and ‘Years in Practice’ between ‘usefulness of EUS’ groups (i.e. 



‘somewhat/very useful/essential’ vs ‘slightly/not useful’ groups). However, for oesophageal 

cancer, results showed that there was statistically significant different (p<0.05) in the mean 

of ‘Years in Practice’ between ‘usefulness of EUS’ groups, but no significance difference 

(p>0.05) in the mean of ‘age’ between groups (see Table 4.7). For gastric cancer, both the 

mean of ‘Age’ and ‘Years in Practice’ were statistically significant different (p<0.05) between 

the two groups. 

 

4.4.3.3 Chi-Square Test Results 

Chi-square test results showed that there were no significant associations (p>0.05) between 

‘perceived usefulness of EUS’ and the other categorical variables (i.e. ‘clinical management 

style’, ‘availability of EUS’ and ‘attend MDT meeting’) for all types of gastro-oesophageal 

cancers (i.e. oesophageal cancer, gastro-oesophageal junction cancer, gastric cancer and 

gastro-oesophageal cancers) (see Table 4.8 to Table 4.19).  

 

4.4.3.4 Exploratory Logistic Regression Analyses Results 

To determine as to what factors associated with ‘referral for EUS’, for oesophageal cancer, 

results showed that ‘attend MDT meeting’ was the only factor that demonstrated significant 

(p<0.05) association with ‘referral for EUS’ for both the univariate (p = 0.017) and multivariate 

logistic regression (p=0.013). From the multivariate logistic regression, this significant factor 

‘attend MDT meeting’ had an odds ratio of 25.214 (see Table 4.20) – This implied that for 

those clinicians who attend MDT meeting, the odds of their oesophageal cancer patients 

being referred for EUS is 25.214 times higher than the odds of those not attending MDT 

meeting. 

 

For gastro-oesophageal junction cancer, four out of six factors demonstrated significant 

association with ‘referral for EUS’ in the univariate logistic regression (see Table 4.21). These 

four factors are: ‘attend MDT meeting’ (p=0.009), ‘perceived usefulness of EUS’ (p=0.040), 

‘EUS available’ (p=0.041) and ‘aggressive management style’ (p=0.025). Whereas in the 

multivariate logistic regression, results showed that ‘attend MDT meeting’ and ‘aggressive 

management style’ are the only two factors that demonstrated significant association with 

‘referral for EUS’ with a p-value of 0.014 and 0.037, respectively. Both of these factors, ‘attend 

MDT meeting’ and ‘aggressive management style’, had an odds ratio of 14.593 and 11.866, 

respectively – This implied that for clinicians who ‘attend MDT meeting’, the odds of their 



gastro-oesophageal junction cancer patients being referred for EUS is 14.593 times higher 

than the odds of those not attending MDT meeting; For clinicians who have ‘aggressive 

management style’, the odds of their gastro-oesophageal junction cancer patients being 

referred for EUS is 11.866 times higher than the odds of those without an aggressive 

management style. 

 

For gastric cancer, univariate logistic regression results showed that none of the six examined 

factors had significant association with ‘referral for EUS’. However, in the multivariate 

regression, ‘age’ appeared to show as the only factor that had association with ‘referral for 

EUS’ but this association was not significant (p=0.063 > 0.05) (see Table 4.22). 

 

For gastro-oesophageal cancer (GOC), univariate logistic regression results showed that 

‘attend MDT meeting’ is the only factor that had significant association with ‘referral for EUS’ 

(p=0.005) (see Table 4.23). Whereas, in the multivariate logistic regression, ‘age’ and ‘attend 

MDT meeting’ are the two factors that showed significant association with ‘referral for EUS’ 

with a p-value of 0.041 and 0.033, respectively. These factors, ‘age’ and ‘attend MDT 

meeting’, had an odds ratio of 0.606 and 990.733, respectively (see Table 4.23). This indicated 

that for younger clinicians, the odds of their gastro-oesophageal cancer patients being 

referred for EUS is 0.606 times lower than the odds of older clinicians referring their gastro-

oesophageal cancer patients for EUS; While for those clinicians who ‘attend MDT meeting’, 

the odds of their gastro-oesophageal cancer patients being referred for EUS is 990.733 times 

higher than the odds of those not attending MDT meeting. Furthermore, in relation to the 

factor ‘hospital type’ (Teaching Hospital vs. District General Hospital (DGH)), both the 

multivariate logistic regression and univariate logistic regression were re-run to include the 

factor ‘hospital type’, this additional analysis result showed that the factor ‘hospital type’ had 

no significant association (p>0.05) with referral for EUS for GOC staging with a p-value of 

0.998 and 0.728, respectively. 

 

 



Table 4.7: Independent sample T-test results for oesophageal, gastro-oesophageal junction, gastric and gastro-oesophageal cancers study 
sample (N=81). 

 Perceived Usefulness of EUS groups  

Oesophageal Cancer Group 1 (n=13) 

Mean (SD) 

Group 2 (n≤68) 

Mean (SD) 

p-value* 

Age (years), n=78 42.85 (8.51) 47.48 (8.86) 0.087 

Years in Practice, n=81 17.38 (8.12) 23.49 (8.86) 0.024* 

Gastro-Oesophageal Junction Cancer Group 1 (n≤10) 

Mean (SD) 

Group 2 (n≤71) 

Mean (SD) 

p-value* 

Age (years), n=78 45.89 (8.05) 46.81 (9.07) 0.772 

Years in Practice, n=81 19.90 (8.10) 22.87 (9.10) 0.330 

Gastric Cancer Group 1 (n≤53) 

Mean (SD) 

Group 2 (n≤28) 

Mean (SD) 

p-value* 

Age (years), n=78 48.22 (8.13) 43.85 (9.77) 0.039* 

Years in Practice, n=81 24.08 (8.59) 19.54 (9.11) 0.030* 

Gastro-Oesophageal Cancers (Oesophageal, 

Gastro-Oesophageal Junction, and Gastric 

Cancers) 

Group 1 (n≤19) 

Mean (SD) 

Group 2 (n≤62) 

Mean (SD) 

p-value* 

Age (years), n=78 46.78 (8.02) 46.68 (9.23) 0.969 

Years in Practice, n=81 21.68 (8.42) 22.76 (9.20) 0.651 

*Significance level at p=0.05 
Group 1= Slightly/Not useful; Group 2= Somewhat/Very useful/Essential 



Table 4.8: Association between management style and perceived usefulness of EUS for Oesophageal Cancer (N=81). 

Oesophageal Cancer 

Management 

Style 

Perceived usefulness of EUS  

Slightly/Not Useful Somewhat/Very Useful/Essential Total 

Conservative 4 (16.0%) 21 (84.0%) 25 

Aggressive 9 (16.1%) 47 (83.9%) 56 

Total 13 (16.0%) 68 (84.0%) 81 

Management style Vs. Perceived usefulness of EUS, Pearson Chi-Square = 0.000 (p=0.994)  

 

 
Table 4.9: Association between management style and perceived usefulness of EUS for Gastro-Oesophageal Junction Cancer (N=81). 

Gastro-Oesophageal Junction Cancer 

Management 

Style 

Perceived usefulness of EUS  

Slightly/Not Useful Somewhat/Very Useful/Essential Total 

Conservative 5 (20.0%) 20 (80.0%) 25 

Aggressive 5 (8.9%) 51 (91.1%) 56 

Total 10 (12.3%) 71 (87.7%) 81 

Management style Vs. Perceived usefulness of EUS, Pearson Chi-Square = 1.958 (p=0.162)  

 

 

 

 



Table 4.10: Association between management style and perceived usefulness of EUS for Gastric Cancer (N=81). 

Gastric Cancer 

Management 

Style 

Perceived usefulness of EUS  

Slightly/Not Useful Somewhat/Very Useful/Essential Total 

Conservative 15 (60.0%) 10 (40.0%) 25 

Aggressive 38 (67.9%) 18 (32.1%) 56 

Total 53 (65.4%) 28 (34.6%) 81 

Management style Vs. Perceived usefulness of EUS, Pearson Chi-Square = 0.472 (p=0.492)  
 

 

Table 4.11: Association between management style and perceived usefulness of EUS for Gastro-Oesophageal Cancers (Oesophageal, Gastro-
Oesophageal Junction and Gastric Cancers) (N=81). 

Gastro-Oesophageal Cancers (Oesophageal, Gastro-Oesophageal Junction and Gastric Cancers) 

Management 

Style 

Perceived usefulness of EUS  

Slightly/Not Useful Somewhat/Very Useful/Essential Total 

Conservative 8 (32.0%) 17 (68.0%) 25 

Aggressive 11 (19.6%) 45 (80.4%) 56 

Total 19 (23.5%) 62 (76.5%) 81 

Management style Vs. Perceived usefulness of EUS, Pearson Chi-Square = 1.470 (p=0.225)  
 

 

 



Table 4.12: Association between availability and perceived usefulness of EUS for Oesophageal Cancer (N=81). 

Oesophageal Cancer 

Availability of EUS 
Perceived usefulness of EUS  

Slightly/Not Useful Somewhat/Very Useful/Essential Total 

Available 8 (13.6%) 51 (86.4%) 59 

Not available 5 (23.8%) 16 (76.2%) 21 

Total 13 (16.3%) 67 (83.8%) 80¥ 
Availability of EUS Vs. Perceived usefulness of EUS, Pearson Chi-Square = 1.196 (p=0.274)  
¥Out of 81 cases, 1 missing case 

 

 
Table 4.13: Association between availability and perceived usefulness of EUS for Gastro-Oesophageal Junction Cancer (N=81). 

Gastro-Oesophageal Junction Cancer 

Availability of EUS 
Perceived usefulness of EUS  

Slightly/Not Useful Somewhat/Very Useful/Essential Total 

Available 6 (10.2%) 53 (89.8%) 59 

Not available 4 (19.0%) 17 (81.0%) 21 

Total 10 (12.5%) 70 (87.5%) 80¥ 
Availability of EUS Vs. Perceived usefulness of EUS, Pearson Chi-Square = 1.116 (p=0.291) 
¥Out of 81 cases, 1 missing case 
 

 

 



Table 4.14: Association between availability and perceived usefulness of EUS for Gastric Cancer (N=81). 

Gastric Cancer 

Availability of EUS 
Perceived usefulness of EUS  

Slightly/Not Useful Somewhat/Very Useful/Essential Total 

Available 41 (69.5%) 18 (30.5%) 59 

Not available 12 (57.1%) 9 (42.9%) 21 

Total 53 (66.3%) 27 (33.8%) 80¥ 
Availability of EUS Vs. Perceived usefulness of EUS, Pearson Chi-Square = 1.056 (p=0.304)  
¥Out of 81 cases, 1 missing case 
 

 

Table 4.15: Association between availability and perceived usefulness of EUS for Gastro-Oesophageal Cancers (Oesophageal, Gastro-
Oesophageal Junction and Gastric Cancers) (N=81). 

Gastro-Oesophageal Cancers 

(Oesophageal, Gastro-Oesophageal Junction and Gastric Cancers) 

Availability of EUS 
Perceived usefulness of EUS  

Slightly/Not Useful Somewhat/Very Useful/Essential Total 

Available 13 (22.0%) 46 (78.0%) 59 

Not available 6 (28.6%) 15 (71.4%) 21 

Total 19 (23.8%) 61 (76.3%) 80¥ 
Availability of EUS Vs. Perceived usefulness of EUS, Pearson Chi-Square = 0.366 (p=0.545)  
¥Out of 81 cases, 1 missing case 

 



Table 4.16: Association between attend MDT meeting and perceived usefulness of EUS for Oesophageal Cancer (N=81). 

Oesophageal Cancer 

Attend MDT 

meeting 

Perceived usefulness of EUS  

Slightly/Not Useful Somewhat/Very Useful/Essential Total 

No 3 (23.1%) 10 (76.9%) 13 

Yes 9 (13.6%) 57 (86.4%) 66 

Total 12 (15.2%) 67 (84.8%) 79¥ 
Attend MDT Meeting Vs. Perceived usefulness of EUS, Pearson Chi-Square = 0.751 (p=0.386)  
¥Out of 81 cases, 2 missing cases 

 

 
Table 4.17: Association between attend MDT meeting and perceived usefulness of EUS for Gastro-Oesophageal Junction Cancer (N=81). 

Gastro-Oesophageal Junction Cancer 

Attend MDT 

meeting 

Perceived usefulness of EUS  

Slightly/Not Useful Somewhat/Very Useful/Essential Total 

No 2 (15.4%) 11 (84.6%) 13 

Yes 7 (10.6%) 59 (89.4%) 66 

Total 9 (11.4%) 70 (88.6%) 79¥ 
Attend MDT Meeting Vs. Perceived usefulness of EUS, Pearson Chi-Square = 0.246 (p=0.620) 
¥Out of 81 cases, 2 missing cases 
 

 

 



Table 4.18: Association between attend MDT meeting and perceived usefulness of EUS for Gastric Cancer (N=81). 

Gastric Cancer 

Attend MDT meeting 
Perceived usefulness of EUS  

Slightly/Not Useful Somewhat/Very Useful/Essential Total 

No 7 (53.8%) 6 (46.2%) 13 

Yes 45 (68.2%) 21 (31.8%) 66 

Total 52 (65.8%) 27 (34.2%) 79¥ 
Attend MDT Meeting Vs. Perceived usefulness of EUS, Pearson Chi-Square = 0.992 (p=0.319) 
¥Out of 81 cases, 2 missing cases 

 

 
Table 4.19: Association between attend MDT meeting and perceived usefulness of EUS for Gastro-Oesophageal Cancers (Oesophageal, 
Gastro-Oesophageal Junction and Gastric Cancers) (N=81). 

Gastro-Oesophageal Cancers (Oesophageal, Gastro-Oesophageal Junction and Gastric Cancers) 

Attend MDT meeting 
Perceived usefulness of EUS  

Slightly/Not Useful Somewhat/Very Useful/Essential Total 

No 2 (15.4%) 11 (84.6%) 13 

Yes 15 (22.7%) 51 (77.3%) 66 

Total 17 (21.5%) 62 (78.5%) 79¥ 
Attend MDT Meeting Vs. Perceived usefulness of EUS, Pearson Chi-Square = 0.347 (p=0.556)  
¥Out of 81 cases, 2 missing cases 



Table 4.20: Predictors of referral of oesophageal cancer patients for EUS – Results from the EUS survey sample in the UK (n=81). 

 Univariate logistic regression Multivariate logistic regression 

Predictors 

(independent 

variable) 

β-coefficient 

 

p-value* Odds 

Ratio 

95% CI for 

odds ratio 

β-coefficient 

  

p-value* Odds 

Ratio 

95% CI for 

odds ratio 

Age -0.030 0.497 0.970 0.888 to 1.059 -0.192 0.212 0.825 0.610 to 1.116 

Years in practice -0.018 0.689 0.982 0.900 to 1.072 0.129 0.373 1.138 0.856 to 1.512 

Attend MDT 

meeting 

2.197 0.017 9.000 1.471 to 55.072 3.227 0.013 25.214 1.952 to 325.663 

Perceived 

usefulness of 

EUS 

1.372 0.101 3.943 0.767 to 20.273 0.752 0.544 2.121 0.187 to 24.116 

EUS available 1.124 0.147 3.077 0.673 to 14.077     

Aggressive 

management 

style 

0.239 0.761 1.271 0.272 to 5.946 -0.932 0.431 0.394 0.039 to 3.998 

*Significance level at p=0.05 

 

 



Table 4.21: Predictors of referral of gastro-oesophageal junction cancer patients for EUS – Results from the EUS survey sample in the UK (n=81). 

 Univariate logistic regression Multivariate logistic regression 

Predictors 

(independent 

variable) 

β-coefficient 

 

p-value* Odds 

Ratio 

95% CI for 

odds ratio 

β-coefficient 

  

p-value* Odds 

Ratio 

95% CI for 

odds ratio 

Age -0.002 0.969 0.998 0.924 to 1.079 -0.344 0.068 0.709 0.490 to 1.026 

Years in practice 0.026 0.518 1.026 0.948 to 1.111 0.300 0.107 1.350 0.938 to 1.943 

Attend MDT 

meeting 

2.303 0.009 10.000 1.786 to 55.976 2.681 0.014 14.593 1.738 to 122.510 

Perceived 

usefulness of 

EUS 

1.615 0.040 5.029 1.080 to 23.404 0.508 0.716 1.661 0.108 to 25.545 

EUS available 1.422 0.041 4.145 1.060 to 16.206 2.403 0.051 11.052 0.994 to 122.819 

Aggressive 

management 

style 

1.578 0.025 4.846 1.216 to 19.311 2.474 0.037 11.866 1.156 to 121.833 

*Significance level at p=0.05  

 

 



Table 4.22: Predictors of referral of gastric cancer patients for EUS – Results from the EUS survey sample in the UK (n=81). 

 Univariate logistic regression Multivariate logistic regression 

Predictors 

(independent 

variable) 

β-coefficient 

 

p-value* Odds 

Ratio 

95% CI for 

odds ratio 

β-coefficient 

  

p-value* Odds 

Ratio 

95% CI for 

odds ratio 

Age -0.054 0.102 0.947 0.888 to 1.011 -0.064 0.063 0.938 0.878 to 1.003 

Years in practice -0.049 0.126 0.952 0.894 to 1.014     

Attend MDT 

meeting 

0.160 0.853 1.174 0.216 to 6.389     

Perceived 

usefulness of 

EUS 

1.059 0.071 2.882 0.912 to 9.107     

EUS available -0.511 0.396 0.600 0.185 to 1.951     

Aggressive 

management 

style 

0.363 0.518 1.438 0.478 to 4.323     

*Significance level at p=0.05 

 

 



Table 4.23: Predictors of referral of gastro-oesophageal cancer (oesophageal, gastro-oesophageal junction and gastric cancers) patients for EUS – 
Results from the EUS survey sample in the UK (n=81). 

 Univariate logistic regression Multivariate logistic regression 

Predictors 

(independent 

variable) 

β-coefficient 

 

p-value* Odds 

Ratio 

95% CI for 

odds ratio 

β-coefficient 

  

p-value* Odds 

Ratio 

95% CI for 

odds ratio 

Age -0.009 0.864 0.991 0.889 to 1.104 -0.502 0.041 0.606 0.374 to 0.980 

Years in practice 0.018 0.751 1.018 0.912 to 1.137 0.331 0.104 1.392 0.935 to 2.072 

Attend MDT 

meeting 

2.931 0.005 18.750 2.393 to 146.927 6.898 0.033 990.733 1.747 to 561721.166 

Perceived 

usefulness of 

EUS 

-0.470 0.684 0.625 0.065 to 6.030 0.243 0.892 1.275 0.038 to 42.310 

EUS available 1.504 0.119 4.500 0.681 to 29.748 0.784 0.676 2.190 0.055 to 86.608 

Aggressive 

management 

style 

-0.720 0.532 0.487 0.051 to 4.666 -3.138 0.266 0.043 0.000 to 10.950 

*Significance level at p=0.05 

 

 



4.5 Discussion 

4.5.1 Main findings and comparisons with other studies 

Correct staging of gastro-oesophageal cancers (GOCs) is important in determining the 

appropriate diagnosis, prognosis and treatment options. Endoscopic ultrasound (EUS) has 

emerged as a superior diagnostic tool in the assessment of GOCs in T- and N-staging. Previous 

studies have shown the combination use of EUS and other imaging modalities such as computed 

tomography (CT), positron emission tomography (PET) or integrated PET-CT provides 

complimentary information for locoregional staging and detection of distant metastasis (Allum 

et al., 2011; Takizawa et al., 2009; Pfau et al., 2007). Furthermore, utilisation of EUS in clinical 

practice has been shown to have impact on changes in the management of patients (Nickl et al., 

1996), which inevitably associates directly with survival in patients (Gress et al., 1995). 

 

To our knowledge, up to January 2021, this is the first survey of its kind in the field of EUS staging 

in gastro-oesophageal cancer (GOC) in the UK that explored clinicians’ views on the utilisation of 

EUS in GOC staging, its current clinical practice in the UK, potential factors associated with 

referral for EUS, and factors that are considered to have influence on the utilisation of EUS in 

GOC staging. More than four-fifths of the survey respondents reported that they have had 

experience in the field of EUS either by requesting, performing or both, and support the use of 

EUS for staging GOC as they believed that EUS offers the best local regional staging of GOC and 

the opportunity to biopsy during staging. Furthermore, they acknowledged that EUS helps to 

reduce unnecessary surgery for GOC patients. These findings are in line with the findings 

reported in the recent survey undertaken by Jones and colleagues (Jones et al., 2021) 

investigating the use of EUS in the diagnosis and treatment of oesophageal cancer in the UK. 

Their survey study found that (1) EUS is mostly used as a complementary staging technique to 

PET-CT, either following PET-CT or at the same time as PET-CT, in the diagnostic pathway of 

oesophageal cancer; (2) for surgical planning, EUS is most commonly used to assess unresectable 

T4 disease, which is in line with the reported greater accuracy of EUS over PET-CT for T-staging 

(Thakkar and Kaul, 2020; DaVee et al., 2017; Valero and Robles-Medranda, 2017; Allum et al., 

2011; Puli et al., 2008; Pfau et al., 2007); and (3) for treatment planning, EUS is most commonly 

used for selecting between surgery and chemoradiotherapy for more advanced but potentially 

resectable tumour which it helps to avoid unnecessary surgery for oesophageal patients (Jones 

et al., 2021). 

 



With respect to respondents’ knowledge and feelings about the use of EUS, most felt that, among 

the three type of GOCs, EUS can accurately stage oesophageal cancer, followed by gastro-

oesophageal junction cancer and lastly gastric cancer. This sequence is in line with Lennon and 

Penman’s (2007) review study where they summarised that the accuracy of EUS in gastric cancer 

staging was reported to be less than in oesophageal cancer staging (Lennon and Penman, 2007). 

Nevertheless, compared with other imaging modalities such as computer tomography (CT), EUS 

is still considered to be superior to CT for locoregional staging of gastric cancer (Polkowski et al., 

2004). Whilst our study was focussed on the investigation of EUS in GOC cancers, with the gastric 

component implying Siewert type II or III tumours, some clinicians may have interpreted the use 

of EUS for other Gastric cancers (Riphaus et al., 2013a) including non-adenocarcinomas such as 

GIST tumours (Gao et al., 2017; Eckardt and Jenssen, 2015; Riphaus et al., 2013b). 

 

Interestingly, although the majority of respondents supported the use of EUS for GOC staging, 

they would not necessarily routinely request EUS for staging all newly diagnosed GOC patients. 

This could be due to several reasons such as clinicians might be required to follow a standard 

hospital protocol regarding the use of EUS for staging GOC and/or they might be required to 

make EUS requests through the multi-disciplinary team (MDT) first rather than independently. 

Additionally, it could be due to other specific situations where EUS might not be used. For 

example, availability of EUS, tight oesophageal stricture, patient morbidity, advanced metastatic 

disease or other advanced local disease, lack of expertise in performing EUS and interpreting of 

EUS images, resources constraints, time taken to perform EUS procedure, or patient comfort. 

Supported by the similar UK survey, conducted recently by Jones et al. (2021), investigating the 

use of EUS for oesophageal cancer diagnosis and treatment planning, the authors found that 

there is a proportion of their survey respondents would request EUS on a case-specific basis 

dependent on PET-CT results, whereas, some would request EUS at the same time as PET-CT or 

routinely following PET-CT (Jones et al., 2021). Given that EUS has a good evidence base for 

oesophageal cancer staging, but is more difficult to interpret the images at the junction, or in 

cancers extending into the upper stomach, particularly when a hiatus hernia is involved, it is not 

surprising to see a step wise reduction in referral or use of EUS from oesophageal (Siewert I) to 

Oesophago-Gastric Junction (Siewert II) to Gastric (Siewert III) cancers. 

 

In terms of availability, based on the findings of this survey study, EUS is available within the 

majority of hospitals at which the respondents are practicing. For those who reported EUS is not 



available within their hospital, these respondents usually refer patients to another hospital 

situated on average about 21 miles away from their hospital for EUS screening. This could lead 

to delays in the diagnosis and treatment planning of GOCs, and furthermore, this could also put 

extra burden on patients and their families or friends in terms of time loss and out-of-pocket 

expenses (e.g. loss of income, childcare cost, travel costs) incurred by them for attending an EUS 

procedure in other hospital. Taking this into consideration, benefit may be gained if EUS were 

offered in more clinical settings. However, it is acknowledged that there are challenges in terms 

of logistics, costs and training in providing EUS at every hospital in the UK. The self-reported 

approximate number of patients referred for EUS staging is, on average, higher in oesophageal 

and gastro-oesophageal junction cancer patients compared to gastric cancer patients. This is in 

keeping with the review conducted by Lennon and Penman (2007) indicating that EUS is more 

accurate in staging oesophagus cancer than gastric cancer as EUS can be more difficult to 

interpret in the stomach and sometimes over-stages these cancers. 

 

With regards to clinicians’ perceptions about the usefulness of EUS staging in assisting clinical 

management, responses varied across the three types of GOCs (oesophageal, gastro-

oesophageal junction and gastric cancers). More than four-fifths of respondents felt that EUS is 

somewhat useful to very useful and essential for the evaluation of oesophageal and gastro-

oesophageal junction cancers. Whereas, for gastric cancer, just over one-third of respondents 

reported the same. This implied that EUS was believed to be of less useful in staging gastric 

cancer compared to oesophageal and gastro-oesophageal junction cancers – This is in line with 

the earlier findings of this survey study regarding clinician’s knowledge about which type of GOC 

EUS can accurately stage. Consistently, responses to the subsequent question related to the 

approximate number of EUS referred out of the approximate number of GOC cases seen showed 

that gastric cancer patients were reported to be of less likely to be referred for EUS compared to 

oesophageal and gastro-oesophageal junction cancer patients.  

 

Responses to the pre-validated clinical vignettes varied depending upon detailed staging 

information about the patient’s oesophagus tumour conditions. Clinicians made their treatment 

recommendations regarding resection versus less invasive or palliative therapy based upon 

detailed differences in tumour stage resulting from EUS scan/staging. This involves the depth of 

tumour invasion (T) into the oesophageal wall and the involvement of regional lymph nodes (N). 

As studies demonstrated, such fine distinctions can be examined most accurately by EUS 



compared to other imaging modalities (Thakkar and Kaul, 2020; DaVee et al., 2017; Valero and 

Robles-Medranda, 2017; Allum et al., 2011; Takizawa et al., 2009; Puli et al., 2008; Pfau et al., 

2007; Botet et al., 1991a; Botet et al., 1991b). 

 

Various factors could influence the referral of GOC patients for EUS in clinical practice. These 

include factors such as variations in clinical management styles, perceptions of clinical utility of 

EUS, availability of EUS, whether or not clinicians attend MDT meeting, clinicians’ age and years 

in practice (Kim and Koch, 1999; personal communications with Dr Hasan Haboubi, Consultant 

Gastroenterologist and Clinical Advisor to this thesis). In this UK survey study, the association 

between these potential factors and referral of GOC patients for EUS was explored. Results 

showed that clinical management style varied among respondents but was not significantly 

associated with referral for EUS for GOCs. This is in agreement with Kim and Koch (1999)’s 

findings. Similarly, three other factors – ‘clinicians’ perception about the utility of EUS’, 

‘availability of EUS’ and ‘clinicians’ years in practice’ – were found to have association with 

referral for EUS for GOC staging but were not significant. Of these three factors, the findings of 

the two factors – ‘availability of EUS’ and ‘perceived utility of EUS’ – are in contrast to Kim and 

Koch (1999)’s survey study results where their study showed that the availability of EUS and 

perceived utility of EUS were both significantly associated with EUS referral. This could be due to 

the fact that the availability of EUS has been increased since two decades ago although it varies 

across the hospitals in the UK; clinicians’ perceptions about the clinical utility of EUS is believed 

to have also increased since two decades ago alongside the evolution of EUS technology in 

clinical contexts. There are also other cultural differences in medical practice between the US 

health care system which is privately funded versus the UK National Health Service which is 

publicly funded which may account for this difference, as well as the potential differences in 

access to these services and capacity to provide them in a publicly funded system. It is 

acknowledged that, with time, EUS has become accepted much more widely for various 

indications including diagnosis/staging of gastro-oesophageal cancers (Thakkar and Kaul, 2020; 

DaVee at al., 2017; Valero and Robles-Medranda, 2017; Sahai, 2012). For the remaining two 

factors (‘attend MDT meeting’ and ‘age’), they both were significantly associated with referral 

for EUS for GOC staging. The odd ratios of these two factors indicated that clinicians who attend 

MDT meeting appear to be more likely to refer GOC patients for EUS, and clinicians who are 

younger in age appear to be less likely to refer patients for EUS. This could be due to the fact that 

MDT meeting is recognised as a platform for individual clinician to discuss and make informed 



clinical decisions safely and collectively, together with a group of professionals from multi-

disciplines, regarding appropriate diagnostic procedures and treatment decisions for individual 

patient. The clinicians that attend these meetings usually have a specific sub-speciality interest 

in the management of GOCs and are more likely to be aware of the potential advantages and 

limitations of its use. Furthermore, by being able to communicate with other experts in the field 

through the MDT, may also have easier access to requesting EUS. Caution may have to be made 

with interpreting this result as the 98 respondents may have replied to the questionnaire due to 

their enthusiasm for the use of EUS and may therefore not be fully representative of the national 

picture. This self-selected group, the majority of whom attended MDTs and also the majority of 

whom performed EUS may introduce some bias to the results which always needs to be 

considered with questionnaire data interpretation. With respect to the factor ‘age’ where 

younger clinicians were shown to be less likely to refer patients for EUS, this is probably due to 

the differences in training and experience between younger clinicians and older clinicians may 

have their preferences of EUS for GOC staging for patients. EUS is a relatively new diagnostic 

technique and as such has only been incorporated into the training of clinicians in more recent 

years. Therefore, there may be some differences seen here due to experience of using EUS, as 

well as more detailed understanding of the areas of its use, despite previous studies have shown 

that the combination use of EUS and other imaging modalities found to be superior and are 

complementary to one another (Allum et al., 2011; Takizawa et al., 2009; Pfau et al., 2007). With 

respect to the factor ‘hospital type’ (Teaching Hospital versus District General Hospital (DGH)), it 

was found to have no significant association with referral for EUS for GOC staging though 

Teaching Hospitals may have better outcomes than General Hospitals in cancer care (Burke et 

al., 2017). This means that ‘hospital type’ is not an important factor for EUS referral despite 

Teaching Hospitals potentially having more funding (and staff) and therefore more access to 

specialist tests, and may be more radical in their approach to patient care compared to General 

Hospitals which may be more conservative. Possible explanations for this findings could be (1) 

The respondents may have been a self-selected group of individuals who completed the survey 

questionnaire because they either perform or have easy access to EUS irrespective of the hospital 

site (Teaching versus DGH), and (2) It is also possible that the local geography of Wales with some 

more rural setups means that these DGHs have now adapted and now EUS is not considered to 

be such a specialist service anymore (perhaps historically may have been placed in larger 

University Teaching Hospitals but now more readily available across all areas) thereby reducing 

the variability in requesting/performing EUS between hospitals. 



 

Last but not least, one of the most surprising findings of the survey was the response to the 

awareness of the COGNATE trial where less than 30% of the respondents indicated that they 

were aware of the COGNATE trial. This could be due to the interval of four years between the 

COGNATE report being published and the survey being disseminated. In addition, clinicians may 

not recognise the COGNATE acronym of the trial. It is possible that this survey question could 

have been phrased slightly differently and provided more information. Furthermore, the trial 

started 10 years late, clinicians might already have the belief that the EUS has benefit for patients 

and therefore they might not be interested in reading the trial report. 

 

4.5.2 Strengths and Limitations of the study 

Up to January 2021, this robust survey is the first study to explore the utilisation of EUS for GOC 

staging and its clinical practice in the UK. This survey offers an insight into the utilisation of EUS 

for GOC staging in the UK and the potential factors associated with referral for EUS. The findings 

from this survey not only have important implications for improving further in the use of EUS in 

the UK but also providing useful evidence-based information to policy makers and 

commissioners in NHS cancer care services to help inform policy and improve clinical practice in 

the UK. 

 

This survey study has several limitations. Firstly, despite a recent review reported that 12-month 

recall period is commonly used in a significant proportion of health surveys (Heijink et al., 2011), 

the accuracy of self-reported data on the approximate number of GOC patients referred for EUS 

is still subject to recall bias (Althubaiti, 2016). While recall bias is not uncommon in self-reported 

data of health surveys, the main outcome variable used in our exploratory regression analyses 

was simply whether any patients had been referred for EUS in the past 12 months. Although GOC 

clinicians might not accurately recall the number of patients referred for EUS, it is believed that 

they are highly likely to have remembered correctly whether they had referred any patients at 

all for EUS (Kim and Koch, 1999). Secondly, the total number of responses to this survey provides 

an adequate level of precision despite being marginally below the minimum target number of 

sample size calculated for this study. This may limit the power of the study to identify factor less 

strongly associated with referral for EUS and may affect the generalisability of the study findings 

to GOC clinicians in the UK. Lastly, the questionnaire designed for the online survey was a 17-

page long questionnaire that consisted of five sections. Although the online survey could be 



completed in approximately less than 15 minutes, the number of sections may have been overly 

burdensome for participants (Appendix 4.2). 

 

4.5.3 Further Research and Recommendations 

Additional cancer research studies in the field of EUS for GOC staging are recommended as it will 

help to consolidate the knowledge and experiences clinicians have acquired to date. 

Consequently, further research in this area is required to strengthen the link between clinicians’ 

knowledge and the clinical utility of EUS in GOC staging which undoubtedly will together 

positively influence the clinical practice in the UK.  

 

In conjunction with additional research studies, increased education efforts are needed to 

encourage utilisation of EUS in GOC staging given that EUS has been recommended as a 

complementary staging technique to other staging techniques in the evaluation of GOCs (Allum 

et al., 2011; Pfau et al., 2007), and it has been shown to be cost saving and offers greater QALYs 

(Yeo et al., 2019; Russell et al., 2013). Concomitant efforts must also be made to offer more EUS-

related trainings and workshops to increase clinicians’ awareness and perception of clinical utility 

of EUS. Increased availability of EUS more widely across the hospitals in the UK would help to not 

only increase the accessibility and utilisation of EUS for GOC staging but also avoid delays in the 

diagnosis and treatment planning of GOCs. 

 

As performing EUS requires technical proficiency, increased intensive yet comprehensive training 

in EUS for managing GOC should also be given further consideration to help develop technically 

trained and skilled experts in performing EUS in the diagnostic and therapeutic procedures for 

GOC as well as in evaluating and interpreting EUS images (Dietrich et al., 2019; Penman et al., 

2011; Carroll and Penman, 2004; Catalano et al., 1995). This allows clinicians to rely upon the 

detailed information resulting from EUS imaging to guide their decisions on patient’s 

management plan. 

 

4.6 Conclusions 

Accurate diagnosis and safe clinical practice are every clinician’s responsibility in the 

management of patients. Most UK GOC clinicians, who took part in this survey, recognised the 

value of EUS for GOC staging. Despite this, there is still a proportion of clinicians felt that EUS is 

less useful in staging gastric cancer compared to oesophageal and gastro-oesophageal junction 



cancers although EUS has been proved to be more accurate than other imaging modalities in 

evaluating locoregional disease. Clinicians that ‘attend Upper GI cancer MDT meeting’ was 

shown to be the most important factor associated with referral of GOC patients for EUS. 

Attendance at MDT meetings is likely to increase EUS referral; hence, it may be beneficial to 

encourage GOC clinicians to attend MDT meetings as this may help to avoid unnecessary 

treatment in GOC patients. However, MDT meetings are costly and there will be opportunity cost 

of mandating MDT meetings attendance (De Ieso et al., 2013). Therefore, in the currently 

challenging healthcare financial environment in the UK, caution needs to be taken in 

recommending attendance at MDT meetings be made mandatory. Though studies showed that 

there are considerable benefits could be gained from attending MDT meetings (Forrest et al., 

2005; Stephens et al., 2006; Mazzaferro and Majno, 2011; De Ieso et al., 2013), the feasibility of 

mandating MDT meetings attendance in clinical practice would need to be further explored as 

there will be costs challenges involved (De Ieso et al., 2013). More research into the field of EUS 

for GOC staging are required to increase the use of EUS in clinical practice. This would aid clinical 

decision making in treatment recommendations for GOCs. Furthermore, benefits may be gained 

if EUS could be offered in more clinical settings to avoid delays in the diagnosis and treatment 

planning of GOCs. However, it is acknowledged that there are logistical, cost and training 

challenges in providing EUS at every hospital in the UK. 

 

By 2021, the main thrust of this thesis remains, through a series of updated systematic reviews, 

that suggest use of EUS in combination with other staging techniques such as PET, CT and MRI in 

the management of patients with GOC appears to be cost saving and offers greater QALY benefits 

to patients. Whilst EUS has been shown as being cost-effective (COGNATE; Chapter 2), and useful 

in locoregional staging (Thakkar and Kaul, 2020; Valero and Robles-Medranda, 2017; Puli et al., 

2008), its use in the clinical practice in the UK remains unchanged over time – The only UK 

guidelines by Allum et al. (2011) recommended EUS staging for all GOC patients with non-

metastatic cancer; however, my survey in this Chapter (conducted between mid-October 2017 

and mid-April 2018) found that EUS is used in non-metastatic cancer with caveat that it helps 

clinicians in patient’s management. The survey findings are in line with the NICE Guidelines (NICE, 

2018) and the recent UK survey by Jones and colleagues (2021). 

 



Chapter 5: An exploratory study of novel methodology in QALY estimations using data 
from two clinical trials – COGNATE and CLARITY trials  

 

5.1 Chapter summary 

Although the Quality-Adjusted Life Year (QALY) is currently used as a standard metric to 

evaluate new health care interventions or technologies and optimise resource allocation in 

different health systems internationally, it is widely acknowledged that the QALY measure is 

not always sensitive enough to capture particular aspects of certain conditions, such as 

functional and symptomatic gains from a health care intervention, in a single index. This 

chapter describes the exploration of the transferability/generalisability of the concept of the 

“hybrid QALY technique” first tried in the MORTISE trial (on which I was a Research Officer 

working with the Trial Statistician Dr Daphne Russell) in other disease areas (e.g. cancer and 

ophthalmology).  

 

Following the MORTISE trial, I tried this novel hybrid QALY technique using data from two 

large clinical trials, each with a 12-month follow-up (COGNATE, a cancer trial (Trial 

registration: ISRCTN1444215), and CLARITY, a non-cancer trial (Trial registration: 

ISRCTN32207582)) funded by the HTA and NIHR-EME, respectively. I employed regression 

models between disease-specific measures area-under-the-curve (AUC) and conventional 

QALYs for both trials following the methodology from the MORTISE trial. The disease-specific 

measures for the COGNATE trial were the Functional Assessment of Cancer Therapy – General 

(FACT-G) and the Functional Assessment of Cancer Therapy – Additional Concerns (FACT-AC); 

and, for the CLARITY trial were the Best Corrected Visual Acuity (BCVA) and the Visual 

Function Questionnaire – 25 (VFQ-25). Using these two clinical datasets, exploratory linear 

regression analyses were conducted in IBM SPSS Statistics 25 software package with 

conventional QALYs as the dependent variable and disease-specific measures as the 

independent variable. The resulting regression models were used to calculate the disease-

specific measure guided QALY (hybrid QALY). The relationship between the disease-specific 

measure and conventional QALY variables based on observed data for each model were 

explored. Cost-utility analyses were performed using the STATA version 13 software package 

to compare the costs and effects of alternative interventions where incremental cost-

effectiveness planes and cost-effectiveness acceptability curves (CEACs) were constructed 

and compared with and without the use of disease-specific measures guided QALY.  



 

In both trials, cost-utility analysis results showed not only more certainty around the 

estimates of incremental cost-effectiveness ratios (ICERs) when conventional QALY was 

replaced with the disease-specific measures guided QALY but also a shifting towards the 

direction of the respective disease-specific measures. In general, the effect of the disease-

specific measures guided QALY on the findings of cost-utility/cost-effectiveness is unique for 

each trial. For example, in this exploratory study I found that, for the COGNATE trial, there 

was a decrease in the mean difference in the disease-specific measure guided QALYs (p < 0.05) 

compared to the mean difference in the conventional QALY (p < 0.05). However, the cost-

effectiveness acceptability curves for all the disease-specific measures guided QALYs showed 

that the probability of the new intervention being cost-effective at the NICE thresholds of 

£20,000 and £30,000 per QALY remained very closely the same as the probabilities for the 

conventional QALY. 

 

Applying a holistic approach to modifying QALY used in economic evaluation of health care 

interventions and/or technologies is crucial to improving decision-making around health care 

expenditure. From this exploratory study, I have learnt that disease-specific measures could 

be potentially useful in constructing a hybrid QALY for use in cost-utility analysis in clinical 

trials to help inform health care resource allocation decisions more effectively and rationally, 

at least within specific conditions or disease areas. We believe that incorporating disease-

specific measures into QALYs estimations will yield hybrid QALYs that more appropriately 

reflect the ‘real’ status of patient’s quality of life compared to conventional QALYs. The 

methodology of QALY modification explored in this Chapter is novel and could potentially 

contribute meaningfully towards future research. In addition, the insights gained from this 

exploratory study serve to expand future research in economic evaluation methodology on 

modifying QALY based on the disease-specific measures used in clinical trials.  

 

 



5.2 Introduction 

In economic evaluation, cost-utility analysis is a well-known tool to evaluate whether new 

health care interventions and/or technologies are good value for money, where health 

benefits are expressed in the unit of QALYs. One of the most broadly used generic preference-

based instruments for the assessment of Health-Related Quality of Life (HRQoL) is the EuroQol 

five-dimensional (EQ-5D) questionnaire in which QALYs can be generated (EuroQoL Group, 

2021). QALY is a composite metric that combines both quantity (survival) and quality of life 

(utility) into one single index value, thereby providing a common unit to allow comparisons 

across different disease areas (Kind et al., 2009). QALY can be calculated using the area under 

the curve (AUC) method from a graph that plots EQ-5D utility values against survival time, 

where the AUC equates to the total QALY value.  

 

QALY is widely recognised as standard metric of health outcomes in evaluating new health 

care interventions or technologies to inform health care resource allocation decisions. 

Despite that, concerns have been raised as to whether the QALY generated solely from EQ-

5D could appropriately reflect the ‘real’ status of patient’s HRQoL. Several authors have 

argued that generic instruments, such as the EQ-5D, are not sensitive enough to capture 

particular aspects of certain conditions (Pennington et al., 2020; Wichmann et al., 2017; 

Pettitt et al., 2016; Payakachat et al., 2015; Yang et al., 2015; Mulhern et al., 2013; Tosh et al., 

2012; Whitehead and Ali, 2010). For example, it would not always be possible to capture all 

benefits of medical conditions such as functional and symptomatic gains from a new health 

care intervention or technology. 

 

To pick up a more specific HRQoL for a particular condition or disease area, condition-

/disease-specific measures that consist of questions that are more focused on the studied 

condition or disease area may be used. Examples of condition-/disease-specific HRQoL 

measures are the Functional Assessment of Cancer Therapy – General (FACT-G) scale (cancer-

related) for HRQoL assessment in patients undergoing cancer therapy (FACIT.org, 2021a; 

Russell et al., 2013), Functional Assessment of Cancer Therapy – Additional Concerns (FACT-

AC) scale (gastro-oesophageal cancer specific) for HRQoL assessment in gastro-oesophageal 

cancer patients undergoing cancer therapy (Russell et al., 2013), and Visual Function 

Questionnaire-25 (VFQ-25) for vision-related quality of life assessment in patients with 

chronic eye diseases (e.g. proliferative diabetic retinopathy (PDR), glaucoma) (National Eye 



Institute, 2020; Sivaprasad et al., 2018). FACT-G is a validated 27-item questionnaire with 5-

point Likert scale that measures four domains of HRQoL in cancer patients: physical, social, 

emotional, and functional well-being (FACIT.org, 2021a; Russell et al., 2013). FACT-AC is a 

single integrated gastro-oesophageal cancer specific quality of life questionnaire merged 

from two separate FACT questionnaires – FACT-Esophageal (FACT-E) and FACT-Gastric (FACT-

Ga) (FACIT.org, 2021b; FACIT.org, 2021c; Russell et al., 2013) by the COGNATE psychometric 

team for ease of use for gastro-oesophageal cancer patients in the trial (Russell et al., 2013). 

VFQ-25 is a 25-item National Eye Institute Visual Function Questionnaire (NEI-VFQ) (NEI, 

2021; Sivaprasad et al., 2018). Table 5.0a below shows the summary details of these validated 

disease-specific HRQoL measures (FACT-G, FACT-AC and VFQ-25) used for the exploratory 

analysis in this Chapter. 

 



Table 5.0a: Summary details of the validated disease specific HRQoL measures: FACT-G, FACT-AC and VFQ-25. 

Disease-
specific HRQoL 
measure 

Definition Scoring Subscale Interpretation 

Functional 
Assessment of 
Cancer 
Therapy-
General (FACT-
G) 

FACT-G is a psychometric 
instrument measuring 
cancer-specific quality of life 
in patients undergoing 
cancer therapy. 
 
This questionnaire was 
administered in the 
COGNATE trial to measure 
patients’ HRQoL related to 
cancer at baseline, 1, 3, 6 
and 12 months after 
randomisation, and at 18, 
24 and 36 months where 
possible. 
 

27 items, each with a 5-point Likert scale (minimum score = 0, and maximum 
score = 4). 
FACT sums scores on the four subscales to derive FACT-G total score (score 
range: 0-108). 
Scoring FACT-G to derive FACT-G Total Score: 
1. In each subscale, sum individual items scores. 
2. Multiply the sum individual item scores by the number of items in the 

subscale,  
3. Then, divide by the number of items answered in each subscale. This 

produces the subscale score.   
4. Lastly, sum all four subscales’ scores to derive FACT-G total score (score 

range: 0-108). 
Then, the average FACT-G score is calculated by dividing the FACT-G Total 
Score (ranging from 0-108) by the total number of the FACT-G items (that is 
27 items) where this generates an average FACT-G score of 0 (minimum 
average FACT-G score) to 4 (maximum average FACT-G score). 
 

Four subscales of HRQoL in 
cancer patients:  
1. Physical Well-Being (seven 

items),  
2. Social or Family Well-Being 

(seven items), 
3. Emotional Well-Being (six 

items), and 
4. Functional Well-Being 

(seven items). 

The higher 
the score, the 
better the 
quality of life 
(QOL). 



Functional 
Assessment of 
Cancer 
Therapy-
Additional 
Concerns 
(FACT-AC) 

FACT-AC is a psychometric 
instrument measuring 
gastro-oesophageal cancer 
(GOC) specific quality of life 
in GOC patients undergoing 
cancer therapy. 
 
As FACT-Oesophageal and 
FACT-Gastric modules have 
many similar questions, the 
FACT team encouraged the 
COGNATE psychometric 
team to combine them into 
a single ‘Additional 
Concerns’ module. 
 
Factor analysis was used by 
the COGNATE psychometric 
team to examine the 
structure of FACT and 
thereby assessed whether 
to aggregate these two 
modules into one. 
 
This questionnaire was 
administered in the 
COGNATE trial to measure 
patients’ HRQoL related to 
gastro-oesophageal cancer 
specific at baseline, 1, 3, 6 
and 12 months after 
randomisation, and at 18, 
24 and 36 months where 
possible. 
 

33 items, each with a 5-point Likert scale (minimum score = 0, and maximum 
score = 4). 
 
The COGNATE psychometric team derived its FACT-AC scale from Gastric 
Additional Concerns, comprising 19 items, and Oesophageal Additional 
Concerns, comprising 17 items, by removing overlapping items and 
psychometrically weak items using methods described by Streiner and Norman 
(2008). In this way, the COGNATE psychometric team effectively merged the 
Gastric Additional Concerns and Oesophageal Additional Concerns scales to 
form a single integrated Gastro-Oesophageal Concerns scale for easy use by all 
COGNATE trial patients. 
 
Scoring 33-item FACT-AC subscale: 
1. Sum all individual items scores. 
2. Multiply the sum individual item scores by the number of items in the 

subscale.  
3. Then, divide by the number of items answered. This produces the FACT-AC 

subscale score (score range: 0-132).   
 

To derive FACT-AC Total Score:   
4. Sum scores on all the subscales of the FACT-G (four subscales) and FACT-AC 

(one overall subscale of 33 items) to derive FACT-AC Total Score (score range: 
0-240). 

 

Then, the average FACT-AC score is calculated by dividing the FACT-AC Total 
Score (ranging from 0-240) by the total number of the FACT-AC items (that is 
60 items) where this generates an average FACT-AC score of 0 (minimum 
average FACT-AC score) to 4 (maximum average FACT-AC score).  

 

 

No subscale The higher 
the score, the 
better the 
QOL. 



Visual 
Function 
Questionnaire-
25 (VFQ-25) 
 

VFQ-25 is a vision-related 
quality of life questionnaire 
to assess patients with 
chronic eye diseases (e.g. 
proliferative diabetic 
retinopathy (PDR), 
glaucoma) 
 
This questionnaire was 
administered in the CLARITY 
Trial to measure patients’ 
vision-related quality of life 
at baseline and 52 weeks. 

25 items (for each item, 100 = Best score, and 0 = Worst possible score), and an 
overall VFQ-25 composite score.  
In each subscale, items within each subscale are averaged together to create 
the 12-subscale scores (100 = Best score, and 0 = Worst score). Items that are 
left blank (missing data) are not taken into account when calculating the scale 
scores. Subscales with at least one item answered can be used to generate a 
subscale score. Hence, scores represent the average for all items in the 
subscale that the respondent answered. 
Then, the average VFQ-25 score is calculated by dividing the VFQ-25 Total Score 
(that is the sum of the 12 subscales score with each subscale score ranging 0-
100) by the total number of the VFQ-25 subscales (that is a total of 12 
subscales) where this generates an average VFQ-25 score of 0 (minimum 
average VFQ-25 score, worse score) to 100 (maximum average VFQ-25 score, 
best score). 
To calculate an overall VFQ-25 composite score, average the vision-targeted 
subscale scores (100 = Best score, and 0 = Worst score), excluding the general 
health rating question. 
 

12 subscales: 
1. General health (1 item). 
2. General vision (1 item). 
3. Ocular pain (2 items). 
4. Near activities (3 items). 
5. Distance activities (3 items). 
6. Social functioning (2 items). 
7. Mental health (4 items). 
8. Role difficulties (2 items). 
9. Dependency (3 items). 
10. Driving (2 items). 
11. Colour vision (1 item). 
12. Peripheral vision (1 item) 
 

The higher 
the score, the 
better the 
visual 
functioning 
QOL. 



In clinical studies, objective measures (existing and measurable, independent of individual 

experiences in which data is derived from medical record, such as serum albumin levels) can 

be collected alongside subjective measures (based on individual awareness or experience in 

which data collected from participants’ self-reported responses to surveys about HRQoL, such 

as vision functioning and general health perceptions) (Cleary, 1997). For example, in the 

CLARITY trial (a vision study), both the visual-related objective measure (i.e. Best-Corrected 

Visual Acuity (BCVA)) and subjective measure (i.e. VFQ-25 questionnaire) were collected for 

the evaluation of intravitreal aflibercept in patients with proliferative diabetic retinopathy. 

BCVA is used to measure objectively the best possible vision an eye can see with corrective 

lenses on a standardised Snellen eye chart from a specific viewing distance (Sivaprasad et al., 

2018). Whereas, the VFQ-25, a visual function specific HRQoL measure, is used to assess 

subjectively the impact of improving visual function on patients’ lives where aspects of health 

relating to visual functioning are measured, such as ocular pain, near activities, distance 

activities, role difficulties, and driving. Accommodating the way in which individuals interpret 

and synthesise different aspects of health based on their awareness or experience is 

important in assessing the impact of a new intervention on individuals’ HRQoL. It is advocated 

that subjective measures are an inherent part of the study design (Cleary, 1997).  

 

Given health is a multi-faceted concept needing multiple indicators to assess different aspects 

of health, subjective measures are undeniably a holistic measure covering wide aspects of 

health for assessing individuals’ HRQoL as opposed to objective measures that assess only 

one very specific point of measure of study interest (e.g. BCVA for visual acuity measure or 

serum albumin levels for biological measure depending on the area of study interest). Thus, 

for the exploratory study in this Chapter, it would be appropriate to understand the varying 

implications of using both the objective measures (i.e. BCVA) and subjective measures (i.e. 

VFQ-25) from the CLARITY trial as part of the exploration of the hybrid method. 

 

In clinical trials, although disease-specific data are collected alongside EQ-5D data, QALYs 

generated solely from the EQ-5D are used to perform cost-utility analysis to evaluate whether 

the new intervention or technology is cost-effective compared to standard care. However, 

there is a growing concern that the QALY generated solely from the EQ-5D may not 

appropriately reflect the ‘real’ status of individual’s quality of life. Many authors argued that 

the EQ-5D is less sensitive and less responsive to changes in individual’s quality of life specific 



to a studied condition/disease area (Pennington et al., 2020; Wichmann et al., 2017; Pettitt 

et al., 2016; Payakachat et al., 2015; Yang et al., 2015; Mulhern et al., 2013; Tosh et al., 2012; 

Whitehead and Ali, 2010). Hence, having the opportunity to explore the hybrid method first 

tried in the MORTISE trial (a Morton Neuroma study on which I was a Research Officer 

working with the Trial Statistician Dr Daphne Russell) in other disease areas for this Chapter 

in this thesis, it would allow us to explore whether the innovative idea of incorporating 

disease-specific measures into the conventional QALY (the hybrid method) would help 

enhance cost-utility analysis results as demonstrated in the MORTISE trial. 

 

The exploratory study in this Chapter was conducted to further explore the hybrid method 

introduced in the MORTISE trial (Edward et al., 2015). The aim of this study was to further 

explore the potential use of disease-specific measures in QALY calculation (i.e. hybrid 

method) for cost-utility analysis in other disease areas (e.g. cancer and ophthalmology). This 

was done by establishing a model between disease-specific measures and conventional QALY, 

as first tried in the MORTISE trial (Edwards et al., 2015), using the accessible data from the 

COGNATE trial (gastro-oesophageal cancer study) and the CLARITY trial (ophthalmology 

study). This novel concept of the hybrid method that takes account of all aspects of patient’s 

HRQoL measured through both the generic preference-based HRQoL and disease-specific 

HRQoL instruments would reflect the effect of a new health care intervention or technology 

on patient’s QoL more comprehensively. 

 

5.3 Methods 

5.3.1 Source of data 

Twelve-month health economics data from two large clinical trials – COGNATE, a cancer trial 

(Trial registration: ISRCTN1444215) (Russell et al., 2013), and CLARITY, an ophthalmology trial 

(Trial registration: ISRCTN32207582) (Sivaprasad et al., 2018), funded by the HTA and NIHR-

EME respectively – were used for the exploratory analysis in this chapter.  

 

The COGNATE trial was a multicentre prospective randomised controlled trial (RCT) that 

evaluated the effectiveness and cost-effectiveness of adding endoscopic ultrasound (EUS) to 

the standard staging algorithm in the management of patients with gastro-oesophageal 

cancers compared to standard staging algorithm. As the disease-specific measures in the 

COGNATE trial had complete imputed data set at 12 months, the exploratory analysis in this 



chapter was undertaken based on these data. The disease-specific measures employed in the 

COGNATE trial, Functional Assessment of Cancer Therapy – General (FACT-G) and Functional 

Assessment of Cancer Therapy – Additional Concerns (FACT-AC), were used for the 

exploratory analysis in this Chapter. To deal with missing quality of life data, imputation was 

performed as Phase 2 imputation by DR (the Trial Statistician) (see Section 2.3.5 in Chapter 2 

for further details; Russell et al., 2013). DR explained that she used the SPSS MVA procedure 

to impute scale scores at times without interview for those who were still alive at 12 months, 

and then for those who had died by 12 months. DR performed the SPSS MVA procedure that 

uses single imputation for the missing quality of life data. This yielded a complete imputed 

data set with all quality of life scores at all times up to 12 months (see Section 2.3.5 in Chapter 

2 for further details; Russell et al., 2013). 

 

The CLARITY trial was a multicentre prospective randomised controlled trial that evaluated 

the clinical efficacy, mechanism and cost-effectiveness of intravitreal aflibercept therapy for 

patients with proliferative diabetic retinopathy (PDR) compared to standard care panretinal 

photocoagulation (PRP) at 12 months. The disease-specific measures employed in the 

CLARITY trial, Best-Corrected Visual Acuity (BCVA) and Visual Function Questionnaire-25 

(VFQ-25), were used for the exploratory analysis in this Chapter. Approval for use of the 

CLARITY trial data as part of the exploratory analysis in this chapter had been granted from 

the Principal Investigator of the CLARITY trial (See E-mail communication in Appendix 5.1). 

The economic sample for the 12-month follow up CLARITY trial was undertaken on 202 

participants (101 per arm) with complete cost and outcome data where full data were 

available. This economic sample of 202 participants represents 96.7% of the clinical sample 

included in primary outcome Intention-To-Treat analysis.  

 

5.3.2 Principal underlying analysis 

The methodological approach employed in the MORTISE trial has only been assessed in one 

disease area (Morton's neuroma) and has not been assessed in cancer or ophthalmology. 

Employing the technique there would allow us to identify the possible 

transferability/generalisability of the technique to other disease areas and therefore 

potentially further use the technique in other disease areas. For exploring the 

transferability/generalisability of the technique as a methodology to achieve the potential 

aim of using disease-specific measures in cost-utility analysis in clinical trials, minor 



modification to the technique used in the MORTISE trial was undertaken where only the 

studied disease-specific measure(s) was/were included as the parameter(s) for the 

independent variable(s) in regression model. Hence, the focus of this exploratory study on 

the aim of understanding and expanding the approach taken in the MORTISE trial for a 

methodology used across disease areas is novel and it is the first study of its kind. 

 

5.3.3 Procedure and Analysis Strategy 

Twelve-month data were extracted from the COGNATE and CLARITY trials and managed using 

MS Excel. Cost data from the two trials were all inflated to 2019 prices using the Hospital and 

Community Health Services (HCHS) pay and price inflation indices and the NHS cost Inflation 

Index (NHSCII) from the published sources (Curtis and Burns, 2016; Curtis and Burns, 2019). 

In both trials, difference in effects between arms (i.e. QALY, FACT-G and FACT-AC in COGNATE 

trial; QALY, BCVA and VFQ-25 in CLARITY trial) were all adjusted for differences in baseline 

effects (Manca et al., 2005).  This adjustment was undertaken by performing linear regression 

in IBM SPSS Statistics 25 (IBM Corporation, Armonk, NY, USA) using the corresponding 

baseline effect and trial arm as the only covariates for effects adjustment (Laramée et al., 

2013). For example, difference in QALY between arms was adjusted for differences in baseline 

EQ-5D-3L index score with baseline EQ-5D-3L index score and trial arm as the covariates in 

the linear regression for QALY adjustment. 

 

5.3.4 Procedure and Analysis Strategy – Exploring the potential use of disease-specific 

measure in cost-utility analysis 

To explore the potential use of disease-specific measures in cost-utility analysis in other 

disease areas, I used the same methodological approach as the one first tried in the published 

MORTISE trial – that is using linear regression to regress conventional QALY on disease-

specific measure to obtain disease-specific guided QALY (hybrid QALY). For ease of 

exploration of examining the impact of disease-specific measures has had on cost-utility 

analysis results, a minor modification to the method of linear regression first tried in the 

published MORTISE trial was undertaken for this exploratory study in this Chapter. In the 

publised MORTISE trial, the linear regression model was established with disease-specific 

measure and treatment group included as the independent variables and conventional QALY 

as the dependent variable. Whereas, for this exploratory study, a regression model was 

established where only the studied disease-specific measure was included as the independent 



variable and conventional QALY as the dependent variable – this was to understand the 

broader impact of the methodology as a generalisable technique. With only the studied 

disease-specific measure included as independent variable in regression model, this would 

provide us a clearer picture of the changes to the cost-utility analysis result that are solely 

influenced by the studied disease-specific measure. For both trials data, using the adjusted 

effect data for baseline differences, regression models were establised between disease-

specific measure and conventional QALY. This was achieved by conducting linear regression 

in IBM SPSS Statistics 25 software package (IBM Corporation, Armonk, NY, USA) with 

conventional QALY as dependent variable and disease-specific measure(s) as independent 

variable(s). Two regression models were developed for the COGNATE trial and three 

regression models were developed for the CLARITY trial. From the resulting regression 

models, hybrid QALY (i.e. disease-specific guided QALY) were able to be produced 

incorporating the disease-specific measure into the QALY. Furthermore, in each regression 

model, the relationship between disease-specific measure and conventional QALY variables, 

based on observed data, were explored. 

 

Another alternative approach taken to achieve this aim is to undertake a mapping exercise. 

Wailoo et al. (2017) describe a good practice process for developing the regression models in 

mapping studies. Here in this Chapter however, the approach is to further generalise the 

methodology in the MORTISE trial to explore the transferability of the hybrid approach to 

other disease areas. 

 

Linear regression models in this exploratory study were built in IBM SPSS Statistics 25 

software package (IBM Corporation, Armonk, NY, USA) where conventional QALY was used 

as dependent variable and disease-specific measure(s) was used as independent variable(s). 

A coefficient value attached to each independent variable and a constant value were 

generated. A simple linear regression equation is as below: 

 

Y = β1X + β0 + ε, where 

Y is all observed values for dependent variable 

β1 is the coefficient value for independent variable X 

X is all observed values for independent variable  

β0 is the constant a.k.a bias 



ε is the random error term 

 

Thus, the simple linear regression equation used in this exploratory study is described as 

below: 

Y = β1X + β0 + ε, where 

Y is all observed conventional QALY values 

β1 is the coefficient value for disease-specific measure area-under-the-curve value 

X is all observed disease-specific measure area-under-the-curve values 

β0 is the constant a.k.a bias 

ε is the random error term 

 

The observed QALY is listed as the dependent variable in the regressions, and the area-under-

the-curve of the studied disease-specific measure is listed as the independent variable in the 

regressions for both the COGNATE and MORTISE trials. For COGNATE trial, the independent 

variable used in the regressions are – FACT-G-Area-Under-The Curve (FACT-G-AUC) and FACT-

AC-AUC. To derive FACT-G-AUC and FACT-AC-AUC, firstly, for scaling consistency, the average 

FACT-G scores and the average FACT-AC scores were scaled from 0 to 4 to a scale of 0 to 1 

similar to the scale of the EQ-5D index score. This was done by dividing the FACT scores by 4. 

Then, the FACT-G-AUC and FACT-AC-AUC were calculated for use in the regressions as 

independent variable. For CLARITY trial, the independent variable used in the regressions are 

–BCVA-AUC and VFQ-25-AUC. To derive BCVA-AUC and VFQ-25-AUC, firstly, for scaling 

consistency, the BCVA scores and the average VFQ-25 scores were scaled from 0 to 100 to a 

scale of 0 to 1 similar to the scale of the EQ-5D index score. This was done by dividing the 

BCVA scores and the average VFQ-25 scores by 100. Then, the BCVA-AUC and the VFQ-25-

AUC were calculated for use in the regressions as independent variable. The calculation 

method for FACT-G-AUC, FACT-AC-AUC, BCVA-AUC and VFQ-25-AUC is the same as for the 

calculation method for QALY, that is using area-under-the curve method by weighting quality 

of life scores (e.g. scaled average FACT-G scores, for example, for COGNATE trial) with 

quantity of life (e.g. survival or study time points). 

 

Table 5.0b below shows an example of fitted regression models for the COGNATE trial and 

CLARITY trial, with a numeric example demonstrating how a FACT-G-AUC score (for example 



for the COGNATE trial) or a VFQ-25-AUC score (for example for the CLARITY trial) is combined 

with their corresponding coefficient to calculate the hybrid QALY. 

 

Table 5.0b: The fitted regression models for the COGNATE and CLARITY trials with a numeric 
example for each trial. 

Regression models COGNATE trial CLARITY trial 

Example model 

 

 

 

 

 

 

 

Numeric example* 

Y = β1FACT-G-AUC + β0 + ε, where 

Y is all observed conventional 

QALY values 

β1 is the coefficient value for 

FACT-G-AUC 

β0 is the constant a.k.a bias 

ε is the random error term 

 

Below is a numeric example 

demonstrating how a FACT-G-AUC 

value, for example, is combined 

with the coefficient to calculate 

the hybrid QALY- 

 

For example: 

If β1 = 0.9, β0 = 0.5 and a FACT-G-

AUC value = 0.52, 

Therefore, 

Hybrid QALY = (0.9 x 0.52) + 0.5 

Hybrid QALY = (0.468) + 0.5 

Hybrid QALY = 0.968 

 

Y = β1VFQ-25-AUC + β0 + ε, where 

Y is all observed conventional 

QALY values 

β1 is the coefficient value for VFQ-

25-AUC 

β0 is the constant a.k.a bias 

ε is the random error term 

 

Below is a numeric example 

demonstrating how a VFQ-25-AUC 

value, for example, is combined 

with the coefficient to calculate 

the hybrid QALY- 

 

For example: 

If β1 = 0.75, β0 = 0.05 and a VFQ-25-

AUC value = 0.66, 

Therefore, 

Hybrid QALY = (0.75 x 0.66) + 0.05 

Hybrid QALY = (0.495) + 0.05 

Hybrid QALY = 0.545 

 

*In this table these are examples and in results there are ‘true’ values quoted. 

 

 

5.3.5 Exploratory cost-utility analysis 

Costs and effects (both the conventional and exploratory QALYs) data from the COGNATE and 

CLARITY trials were used to perform cost-utility analysis in STATA version 13 software package 

(Stata Corp, College Station, TX, USA). In cost-utility analysis, the difference between 



intervention and control groups in the mean costs of participants’ health care resource use 

were compared to the corresponding difference in mean effects to estimate incremental cost-

effectiveness ratios (ICERs) where appropriate. To overcome the skewed cost data and to 

quantify the uncertainty around the estimates of incremental cost-effectiveness ratios, a 

simulation of 5,000 non-parametric bootstrapping iterations was conducted using STATA 

version 13 (Stata Corp). These were used to estimate 95% confidence intervals (CIs) for 

incremental costs and incremental effects, and ICERs where appropriate, and then to 

construct cost-effectiveness planes (CE planes) – a scatter plot of the joint distribution of 

incremental costs and effects – and CEACs (Glick et al., 2007; Briggs and Gray, 1999). The 

CEACs displays the probability that an intervention is more cost-effective than the alternative 

across a range of willingness-to-pay thresholds for a QALY (Glick et al., 2007; Fenwick et al., 

2006; Fenwick et al., 2004). Then, the constructed CE planes and CEACs of each of the disease-

specific measure guided QALYs were compared to explore the changes to the results of the 

CE plane and CEAC of the conventional QALY.  

 

5.4 Results 

5.4.1 COGNATE trial 12-month follow-up results 

Table 5.1 shows that, for the COGNATE trial, the regression coefficients for - FACT-G-AUC (β-

coefficient = 0.396) and FACT-AC-AUC (β-coefficient = 0.249) were statistically significant (p-

value < 0.05) when conventional QALY were regressed on FACT-G-AUC and FACT-AC-AUC 

individually (see Model 1 and 2, respectively, in Table 5.1). This indicates that there is 

relationship between (a) FACT-G-AUC and conventional QALY, and (b) FACT-AC-AUC and 

conventional QALY. The magnitude of FACT-G-AUC coefficient (0.396) is greater than the 

magnitude of FACT-AC-AUC coefficient (0.249), indicating that the relationship between 

FACT-G-AUC and conventional QALY is stronger than the relationship between FACT-AC-AUC 

and conventional QALY. This is also shown by the higher adjusted R-squared value for Model 

1 (r2 = 0.267) compared to Model 2’s (r2 = 0.107), indicating a higher strength of the 

relationship between the model using FACT-G as predictor and the dependent variable (i.e. 

the conventional QALYs). A higher adjusted R-squared value also represents a better fit for 

the model i.e. smaller differences between the observed data (the conventional QALYs) and 

the fitted values (the predicted QALY values). Among the two models explored, the adjusted 

R-squared value for Model 1 was the highest, followed by Model 2’s. The regression 

coefficient magnitude of 0.396 for the FACT-G-AUC in Model 1 implies that for every 1-unit 



increase in FACT-G-AUC, there is a 0.396-unit increase in conventional QALY. As a result, a 

hybrid QALY (i.e. disease-specific guided QALY) that takes account of the unit change in FACT-

G-AUC can be generated. The fitted regression equations for the two models for COGNATE 

trial can be expressed as below- 

 

Model 1: 

Y = (0.396 x FACT-G-AUC) + 0.324, where 

Y is all observed conventional QALY values 

0.396 is the coefficient value for FACT-G-AUC 

0.324 is the constant a.k.a bias 

 

Model 2: 

Y = (0.249 x FACT-AC-AUC) + 0.421, where 

Y is all observed conventional QALY values 

0.249 is the coefficient value for FACT-AC-AUC 

0.421 is the constant a.k.a bias 

 

A numeric example demonstrating how the hybrid QALY was calculated- 

Using Model 1 for example,  

If FACT-G-AUC equals to 1.5 

Therefore, 

Hybrid QALY = (0.396 x FACT-G-AUC) + 0.324  

Hybrid QALY = (0.396 x 1.5) +0.324 

Hybrid QALY = 0.918 

 

Table 5.1: Exploratory analyses using the COGNATE trial 12-month data (N = 213): Results 
from the linear regression models using disease-specific measures to guide QALYs. 

Model 
no. 

(n=213) 

Predictor(s)¥ β-
coefficient 

 

Standard 
Error 

p-value* 95% 
Confidence 

Interval 

Adjusted R-
squared  

1. FACT-G-AUC 0.396 0.045 <0.05 0.308 to 0.484 
0.267 

 Constant 0.324 0.027 <0.05 0.270 to 0.378 

2. FACT-AC-AUC 0.249 0.048 <0.05 0.153 to 0.344 
0.107 

 Constant 0.421 0.028 <0.05 0.365 to 0.476 



*Significance level at p=0.05 
¥All predictors were corrected for baseline 

 

Table 5.2 below shows the means and standard deviations of the COGNATE trial’s effects data 

for intervention (EUS) and control (non-EUS) groups, the mean difference between groups 

with the corresponding bootstrap standard error and bootstrap 95% confidence interval. The 

mean difference between groups for both the FACT-G-AUC-guided QALY and FACT-AC-AUC-

guided QALY were lower than the mean difference between groups for the conventional 

QALY. Amongst both of the disease specific measures-guided QALYs, the mean difference in 

FACT-G-AUC-guided QALY (0.0092; bootstrap 95% CI = 0.0004 to 0.0181) was statistically 

significant different between groups, likewise the mean difference in conventional QALY 

(0.0304; bootstrap 95% CI = 0.0131 to 0.0470). However, the mean difference in FACT-AC-

AUC-guided QALY was not statistically significant different between groups (mean difference 

= 0.0052; bootstrap 95% CI = –0.0002 to 0.0114). For the area-under-the curve (AUC) of the 

two disease-specific measures scores, FACT-G-AUC and FACT-AC-AUC, that were individually 

taken account into QALY calculation in the regressions to generate disease-specific measures 

guided QALY (hybrid QALY), results showed that there was a statistically significant difference 

in mean FACT-G-AUC between groups (mean difference = 0.0954; bootstrap 95% CI = 0.0063 

to 0.1844), however this difference was tiny so may not be clinically meaningful. However, 

for FACT-AC-AUC, there was no statistically significant difference in mean between groups 

(mean difference = 0.0835; bootstrap 95% CI = –0.0088 to 0.1783). 

 

Table 5.2: Effect data of COGNATE trial – Mean and standard deviation (SD) of allocated 
group, mean difference between groups, bootstrap standard error and bootstrap 95% 
confidence interval. 

Effect* Intervention 
(EUS) 
(n=107) 
Mean (SD) 

Control 
(Non-EUS) 
(n=106) 
Mean (SD) 

Mean 
difference** 
between groups 

bootstrap 
standard error 

bootstrap 95% 
confidence 
interval 

FACT-G-AUC 2.460 
(0.350) 

2.365 
(0.334) 

0.0954 0.0460 0.0063 to 
0.1844 

FACT-AC-AUC 2.341 
(0.358) 

2.257 
(0.344) 

0.0835 0.0482 -0.0088 to 
0.1783 

QALY 0.578 
(0.069) 

0.548 
(0.058) 

0.0304 0.0087 0.0131 to 
0.0470 

FACT-G-AUC-
Guided QALY 

0.568 
(0.035) 

0.559 
(0.033) 

0.0092 0.0046 0.0004 to 
0.0181 



FACT-AC-AUC-
Guided QALY 

0.566 
(0.022) 

0.561 
(0.021) 

0.0052 0.0030 -0.0002 to 
0.0114 

*All effects were corrected for baseline 
**Mean difference between groups = Mean of Intervention group minus Mean of Control group 

 

Table 5.3 shows the mean total costs per patient (£) by allocated groups and the mean 

difference between groups over 12 months in the COGNATE trial.  Results showed that use of 

EUS as an additional staging technique, on average, had a lower total costs (£26,379, SD 

£16,048) compared to staging strategy without EUS (£30,538, SD £21,755). This yielded, on 

average, a cost saving of £4,159 (bootstrap 95%CI -£9,318 to £888) in total costs.  

 

Table 5.3: COGNATE trial – Costs by allocated group over 12 months (2019 price year, £). 

 Intervention 
(EUS) 
(n=107) 
Mean (SD) 

Control 
(Non-EUS) 
(n=106) 
Mean (SD) 

Intervention minus 
Control†  
(bootstrap 95% CI) 

Secondary care costs (£) 25,174 (14,891) 28,354 (18,402) -3,180 (-7,659 to 1267) 

Medication costs (£) 
(All hospital prescribing non 
chemotherapy and surgery 
drug costs) 

1,205 (1,782) 2,184 (4,818) -979 (-2,079 to -142) 

Total costs/patient (£) 26,379 (16,048) 30,538 (21,755) -4,159 (-9,318 to 888) 

† Negative differences imply EUS group has lower cost than non-EUS group. 
Note: Sum didn’t add up due to rounding issue 

 

Figure 5.1 presents the cost-effectiveness plane (CE plane) and their corresponding cost-

effectiveness acceptability curve (CEAC) for each of the two disease-specific measures guided 

QALYs generated in this exploratory study: FACT-G-AUC-guided QALY (Figure 5.1(G) and (H)), 

and FACT-AC-AUC-guided QALY (Figure 5.1(I) and (J)). In addition, the CE plane and the 

corresponding CEAC graphs for FACT-G-AUC (Figure 5.1(A) and (B)), FACT-AC-AUC (Figure 

5.1(C) and (D)) and conventional QALY (Figure 5.1(E) and (F)) were also plotted. 

 

Compared to the CE plane plotting incremental cost against incremental conventional QALY 

(Figure 5.1(E)), the CE planes in Figure 5.1(G) and (I) showed that the scatter plots became 

more concentrated around the estimates once the disease-specific measures scores were 

taken into account in the QALY calculation to generate disease-specific measures guided 



QALY. This is in line with the results of the bootstrap standard error in Table 5.2 that showed 

that all the disease-specific measures guided QALYs had a smaller bootstrap standard error 

than the conventional QALY. The smaller the boostrap standard error indicates the lesser the 

variability of the data. Graphically, a visual representation of the bootstrapped conventional 

QALY data and bootstrapped disease-specific measure guided QALY data was demonstrated 

using the Box and Whisker plot in Figure 5.2. Results showed that all bootstrapped disease-

specific measures guided QALYs data had shorter box length compared to the bootstrapped 

conventional QALY data. Shorter box lengths indicate narrower distribution, that is, less 

dispersed data (i.e. more concentrated data). Furthermore, the scatter plots in Figure 5.1(G) 

and (I) showed shifting towards disease-specific measure’s direction once the disease-specific 

measure scores were incorporated into QALY calculation to generate disease-specific 

measures guided QALY. 

 

With regards to how cost-effective is EUS in GOC staging, CEAC shows that EUS is 95.44% and 

95.96% being cost-effective at the UK NICE’s thresholds of £20,000 and £30,000 per QALY 

respectively, when FACT-G-AUC-guided QALY was used as a measure of effect; and 94.96% 

and 95.20% when FACT-AC-AUC-guided QALY was used as a measure of effect – These 

probabilities findings are similar to the findings when the conventional QALY was used as a 

measure of effect where EUS is shown to be 96.8% and 97.5% cost-effective at £20,000 and 

£30,000, respectively. 

 



Figure 5.1: Cost-effectiveness planes with 5000 bootstrapped incremental costs and effects 
pairs from the COGNATE trial data and the corresponding cost-effectiveness acceptability 
curves (CEACs): an exploratory analysis of the usability of disease-specific measures in cost-
utility analysis 

 
 



 
 

 

 

 

 

 

 

 

 

 

 

 

 



Figure 5.2: Box and Whisker plot of bootstrapped effects* data from COGNATE trial: QALY= 
Conventional QALY, QALY 2= FACT-G-guided QALY and QALY 3= FACT-AC-guided QALY 

 
*Footnote: Conventional QALY, FACT-G-Guided QALY and FACT-AC-Guided QALY were all 

corrected for baseline. 

 

 



5.4.2 CLARITY trial 12-month follow-up results 

Table 5.4 shows that, for the CLARITY trial, only the regression coefficient on VFQ-25-AUC was 

statistically significant (p<0.05) when conventional QALYs were regressed on VFQ-25-AUC 

alone (β-coefficient = 0.901) (see Model 2 in Table 5.4) and jointly with BCVA (β-coefficient = 

0.911) (see Model 3 in Table 5.4). This indicates that there is relationship between VFQ-25-

AUC and conventional QALY. This is also shown by the higher adjusted R-squared value for 

Model 2 (r2 = 0.258) and Model 3 (r2 = 0.255), where VFQ-25-AUC was used as independent 

variable in both of the models, compared to Model 1’s (r2 = 0.006), where VFQ-25-AUC was 

not used as independent variable in the model. This indicates that there was a stronger 

relationship in the models using VFQ-25-AUC as independent variable and conventional QALY 

as the dependent variable. Also, a higher adjusted R-squared value represents a better fit for 

the model. The adjusted R-squared value for Model 3 (r2 = 0.255) was similar to Model 2’s (r2 

= 0.258). Among the three models explored, the adjusted R-squared value for Model 2 was 

the highest (r2 = 0.258), followed by Model 3’s (r2 = 0.255) and then Model 1’s (r2 = 0.006). 

The β-coefficient magnitude of VFQ-25-AUC implies that conventional QALY is expected to 

increase by 0.901 units for every 1-unit increase in VFQ-25-AUC when conventional QALYs 

were regressed on VFQ-25-AUC alone, and to increase by 0.911 units for every 1-unit increase 

in VFQ-25 when conventional QALYs were regressed on both VFQ-25-AUC and BCVA-AUC 

together. As a result, a hybrid QALY that takes account of the unit change in VFQ-25-AUC (also 

named as ‘VFQ-25-AUC-guided QALY’ in this Chapter) can be generated. The fitted regression 

equations for the three models for CLARITY trial can be expressed as below- 

 

Model 1: 

Y = (0.283 x BCVA-AUC) + 0.566, where 

Y is all observed conventional QALY values 

0.283 is the coefficient value for BCVA-AUC 

0.566 is the constant a.k.a bias 

 

Model 2: 

Y = (0.901 x VFQ-25-AUC) + 0.022, where 

Y is all observed conventional QALY values 

0.901 is the coefficient value for VFQ-25-AUC 

0.022 is the constant a.k.a bias 



 

Model 3: 

Y = (-0.064 x BCVA-AUC) +(0.911 x VFQ-25-AUC) + 0.065, where 

Y is all observed conventional QALY values 

-0.064 is the coefficient value for BCVA-AUC 

0.911 is the coefficient value for VFQ-25-AUC 

0.065 is the constant a.k.a bias 

 

A numeric example demonstrating how the hybrid QALY was calculated- 

Using Model 2 for example, 

If VFQ-25-AUC equals to 0.920, 

Therefore, 

Hybrid QALY = (0.901 x VFQ-25-AUC) + 0.022 

Hybrid QALY = (0.901 x 0.920) +0.022 

Hybrid QALY = 0.851 

 

 

Table 5.4: Exploratory analyses using the CLARITY trial 12-month data (N = 202): Results 
from the linear regression models using disease-specific measures to guide QALY. 

Model 
no. 

(n=202) 

Predictor(s)¥ β-
coefficient 

 

Standard 
Error 

p-value* 95% 
Confidence 

Interval 

Adjusted 
R-

squared 
1. BCVA-AUC 0.283 0.192 0.141 -0.095 to 0.661 

0.006 
 Constant 0.566 0.156 0.000 0.258 to 0.874 

2. VFQ-25-AUC 0.901 0.107 0.000 0.690 to 1.111  
0.258 

 Constant 0.022 0.093 0.813 -0.161 to 0.205 

3. BCVA-AUC -0.064 0.171 0.710 -0.401 to 0.274  

0.255  VFQ-25-AUC 0.911 0.110 0.000 0.693 to 1.129  

 Constant 0.065 0.148 0.662 -0.228 to 0.358  

*Significance level at p=0.05; ¥All predictors were corrected for baseline 
 

Table 5.5 below shows the means and standard deviations of the CLARITY trial’s effects data 

for intervention (Aflibercept) and control (PRP) groups, the mean difference between groups 

with the corresponding bootstrap standard error and bootstrap 95% confidence interval. The 

mean difference between groups for a single or both disease-specific measures guided QALY 



demonstrated mixed results compared to the mean difference in the conventional QALY 

between groups. Amongst the three disease-specific measures guided QALYs, the mean 

difference between groups for VFQ-25-AUC-guided QALY (-0.022, bootstrap 95% CI -0.052 to 

0.008) and VFQ-25-AUC-BCVA-AUC jointly-guided QALY (-0.023, bootstrap 95% CI -0.053 to 

0.007) were both consistent with the mean difference in the conventional QALY (-0.022, 

bootstrap 95%CI -0.081 to 0.035), except for the BCVA-AUC-guided QALY that had a positive 

mean difference between groups (0.004, bootstrap 95% CI -0.002 to 0.010). However, there 

were no statistically significant difference in means between groups for all the QALYs – the 

conventional QALY and the three exploratory disease-specific measures guided QALYs – in the 

CLARITY trial. 

 

Between the two disease-specific measures, BCVA and VFQ-25, used in the regressions, 

results showed that BCVA-AUC had a positive mean difference between groups (1.312, 

bootstrap 95% CI -0.870 to 3.391), whereas VFQ-25-AUC had a negative mean difference 

between groups (-2.456, bootstrap 95% CI -5.726 to 0.875), and both of these means 

difference were not statistically significant. 

 

Table 5.5: Effect data of CLARITY trial – Mean and standard deviation (SD) of allocated 
group, mean difference between groups, bootstrap standard error and bootstrap 95% 
confidence interval. 

Effect* Intervention 
(Aflibercept) 
(n=101) 
Mean (SD) 

Control 
(PRP) 
(n=101) 
Mean (SD) 

Mean 
difference** 
between 
groups 

bootstrap 
standard 
error 

bootstrap 95% 
confidence 
interval 

BCVA-AUC 81.947 

(7.315) 

80.635 

(7.772) 

 1.312 1.087 -0.870 to 3.391 

VFQ-25-AUC 84.736 

(12.657) 

87.192 

(10.572) 

-2.456 1.656 -5.726 to 0.875 

QALY 0.785 

(0.234) 

0.807 

(0.174) 

-0.022 0.029 -0.081 to 0.035 

BCVA-Guided 

QALY 

0.798 

(0.021) 

0.794 

(0.022) 

 0.004 0.003 -0.002 to 0.010 

VFQ-25-Guided 

QALY 

0.785 

(0.114) 

0.808 

(0.095) 

-0.022 0.015 -0.052 to 0.008 



BCVA&VFQ-25-

Guided QALY 

0.784 

(0.114) 

0.808 

(0.095) 

-0.023 0.015 -0.053 to 0.007 

*All effects were corrected for baseline 
**Mean difference between groups = Mean of Intervention group minus Mean of Control group 

 

Table 5.6 shows the mean total costs per patient (£) by allocated groups and the mean 

difference between groups over 12 months in the CLARITY trial. Results showed that 

Aflibercept group had a higher mean total costs per patient (£8,210, SD £8,182) compared to 

PRP group (£2,430, SD £3,156). This generated a positive mean difference of £5,781 

(bootstrap 95%CI £4,266 to £7,712) in total costs between groups. 

 

Table 5.6: CLARITY trial – Costs by allocated group over 12 months (2019 price year). 

 Intervention 
(Aflibercept) 
(n=101) 
Mean (SD) 

Control 
(PRP) 
(n=101) 
Mean (SD) 

Intervention minus Control†  
(bootstrap 95% CI) 

Community care cost (£) 222 (315) 188 (233) 34 (-39 to 112) 

Secondary care cost (£) 2,874 (7,851) 1,325 (2,763) 1,549 (145 to 3,382) 

Intervention delivery cost (£) 4,854 (1,761) 517 (204) 4,337 (3,996 to 4,687) 

Medication cost 

(Ophthalmology-related) (£) 
261 (694) 400 (1,249) -139 (-432 to 124) 

Total costs/patient (£) 8,210 (8,182) 2,430 (3,156) 5,781 (4,266 to 7,712) 

† Negative differences imply Aflibercept group has lower cost than PRP group. 
Note: Sum didn’t add up due to rounding issue 

 

Although all the effects in the CLARITY trial showed no statistically significant differences, CE 

planes and CEAC graphs were plotted for exploration purposes. Figure 5.3 presents the CE 

planes and their corresponding CEACs for all the three disease-specific measures guided 

QALYs generated in this exploratory study – BCVA-AUC-guided QALY (Figure 5.3(G) and (H)), 

VFQ-25-AUC-guided QALY (Figure 5.3(I) and (J)) and BCVA-AUC&VFQ-25-AUC-guided QALY 

(Figure 5.3(K) and (L)) – as well as for the BCVA-AUC (Figure 5.3(A) and (B)), VFQ-25-AUC 

(Figure 5.3(C) and (D)) and conventional QALY (Figure 5.3(E) and (F)).  

 

Compared to the CE plane plotting incremental cost against incremental conventional QALY 

(Figure 5.3(E)), the CE planes in Figure 5.3(G), (I) and (K) showed that, likewise in the COGNATE 

trial, the scatter plots became more concentrated around the estimates once the incremental 



conventional QALY was replaced by the incremental disease-specific measures guided QALY. 

This is in agreement with the bootstrap standard error presented in Table 5.5 that showed 

that all the disease-specific measures guided QALYs had a smaller bootstrap standard error 

than the conventional QALY, indicating lesser variability of the data. Graphically, a visual 

representation of the bootstrapped conventional QALY data and disease-specific measures 

guided QALYs data was demonstrated using the Box and Whisker plot in Figure 5.4. Overall, 

all bootstrapped disease-specific measures guided QALYs data had shorter box length 

compared to the bootstrapped conventional QALY data – This means narrower distribution, 

that is, less scattered data (i.e. more concentrated data). Besides, the scatter plots in Figure 

5.3 (G), (I) and (K) shows shifting towards disease-specific measure’s direction once the 

incremental conventional QALY was replaced by the incremental disease-specific measures 

guided QALY in cost-utility analysis. 

 

The CEACs graphs in Figure 5.3 show that, at a high willingness-to-pay threshold, for example 

at £500,000 threshold, Aflibercept had 12.76% probability of being cost-effective when 

conventional QALY was used as a measure of effect in CLARITY trial; however, this probability 

(12.76%) dropped to 1.24%, 1.40% and 1.12% when BCVA-AUC-guided QALY, VFQ-25-AUC-

guided QALY and BCVA-AUC&VFQ-25-AUC-guided QALY were instead used as a measure of 

effect, respectively. 

 

 



Figure 5.3: Cost-effectiveness planes with 5000 bootstrapped incremental costs and effects 
pairs from the CLARITY trial data and the corresponding cost-effectiveness acceptability 
curves (CEACs): an exploratory analysis of the usability of disease-specific measures in cost-
utility analysis 

 
 



 
 

 



Figure 5.4: Box and Whisker plot of bootstrapped effects* data from CLARITY trial: QALY= 
Conventional QALY, QALY 2= BCVA-guided QALY, QALY 3= VFQ-25-guided QALY and QALY 4= 
BCVA&VFQ-25-guided QALY. 

 
*Footnote: Conventional QALY, BCVA-Guided QALY, VFQ-25-Guided QALY and BCVA&VFQ-
25-Guided QALY were all corrected for baseline. 
 

 

5.5 Discussion 

5.5.1 Main Findings 

Summary of results –  

From the COGNATE trial, the regression coefficient (β-coefficient) generated using FACT-G-

AUC or FACT-AC-AUC showed a statistically significant relationship with the conventional 

QALYs (p-value < 0.05). FACT-G-AUC (β-coefficient = 0.396) showed a stronger relationship 

with the conventional QALYs compared to FACT-AC-AUC (β-coefficient = 0.249). From the 

CLARITY trial, only VFQ-25-AUC showed a statistically significant relationship (p-value < 0.05) 

with the conventional QALYs either it was regressed individually or jointly with BCVA.  

 

Main findings –  

Overall, among the five models explored, the models using (1) FACT-G individually as - 

independent variable in regression for the COGNATE trial and (2) VFQ-25 alone or together 

with BCVA as independent variable(s) in regression for the CLARITY trial had a higher adjusted 

R-squared value indicating a stronger relationship between the independent variable and the 



dependent variable (i.e. the conventional QALYs). Furthermore, the statistically significant 

coefficients of the independent variables (FACT-G-AUC for the COGNATE trial; VFQ-25-AUC 

for the CLARITY trial) imply that there is a relationship between the independent variable and 

the dependent variable (i.e. the conventional QALY), where a one-unit change in the 

independent variable will give a mean change in the conventional QALYs. In such case, the 

hybrid QALY that takes account of disease-specific measures can be generated. 

 

In the CLARITY trial, the independent variable ‘BCVA’ was found to have no statistically 

significant relationship with the dependent variable ‘conventional QALY’ when it was used 

either solely or jointly with VFQ-25 as  independent variable in regression. This could be due 

to the fact that BCVA is an objective measure assessing only one very specific point of 

measure. And, unlike subjective measures, an objective measure is independent of individual 

experiences in which its data are derived from medical record. Hence, this may be a 

contributing factor in which BCVA was found to not even have a statistical significant 

relationship with the conventional QALY when it was used individually or jointly with VFQ-25. 

Therefore, it seems like objective measures may not be as appropriate as subjective measures 

for use as independent variable to better tune conventional QALYs in the hybrid method. This 

is the first exploratory study of its kind, thus, more studies are needed to affirm this. 

 

When assessing the disease-specific measures guided QALY (i.e. the hybrid QALY), for the 

COGNATE trial, both the mean difference values of the FACT-G-guided QALY and FACT-AC-

guided QALY  were lower than the mean difference value of the conventional QALY. Even so, 

the mean difference values of the disease-specific measures guided QALYs argubly may be 

more appropriate for use in cost-utility analysis compared to the mean difference value of 

the conventional QALYs. This is because the disease-specific measures guided QALYs are 

better tuned to the effects experienced within the population group. By using the disease-

specific measures guided QALY instead of the conventional QALYs for cost-utility analysis, it 

may reflect better the ‘real’ health-related quality of life status of the particular condition-

specific population group. As a consequence, using it for cost-utility analysis may make the 

cost-utility analysis result of a trial more focused to the studied disease area. This could be 

explained by the inclusion of the studied disease-specific elements in the QALY calculation 

which could make the cost-utility analysis result of a trial better tuned to the effects 

experienced within the disease population group. However, more studies covering a broader 



range of disease areas are required before this novel concept of the hybrid method could be 

accepted widely  for producing a better tuned cost-utility analysis result to the specific studied 

disease area.  

 

For the CLARITY trial, all the hybrid QALYs (BCVA-AUC, VFQ-25-AUC and BCVA-AUC&VFQ-25-

AUC-guided QALYs) as well as the conventional QALY had insignificant mean difference 

between trial arms. Of the three hybrid QALYs, only the VFQ-25-AUC-guided QALY and the 

VFQ-25-AUC-BCVA-AUC jointly-guided QALY had a very similar mean difference value 

between trial arms and these mean difference values were closely similar to the mean 

difference value of the conventional QALY. The insignificant mean difference values of all the 

QALYs (conventional and hybrid QALYs) in the CLARITY trial could be due to the fact there is 

no effect between the treatment groups which would confirm the findings of the original 

CLARITY trial. Previous studies have expressed concerns with regards to the validity of the EQ-

5D in visual disorders (Tosh et al., 2012). Brazier et al. (2017a) found that the preference-

based VFQ (VFQ-UI) was more sensitive to changes in visual acuity-related quality of life than 

the EQ-5D in patients with diabetic macular edema. For this reason and despite the 

insignificant findings of all the effects in the CLARITY trial, the hybrid QALY (i.e. disease-

specific measures guided QALY) would still seem to be more appropriate and meaningful than 

the conventional QALYs for use in cost-utility analysis for the cost-effectiveness evaluation 

within a specific disease context. 

 

Of all four variables (FACT-G, FACT-AC, VFQ-25 and BCVA) tested for the hybrid method in this 

exploratory study, the BCVA is qualitatively different from the other three measures in that it 

is a measure of visual function that is measurable and independent of individual experiences 

(objective measure) rather than self-reported disease specific QoL measure that is based on 

individual awareness and experience (subjective measure) (Cleary, 1997). The scatter plots 

on the cost-effectiveness plane in Figure 5.3(g) that showed a very narrow looking shape with 

the plots concentrating around zero incremental BCVA-guided QALY could be largely 

explained by the fact that the BCVA is a specific measurable variable and not a self-reported 

disease specific QoL measure that covers different aspects of health. It seems like the 

objective measure (here in BCVA) combined in this way for the hybrid method may not be 

appropriate as it is not influenced by the individuals as subjective measures are (here in VFQ-

25, FACT-G, FACT-AC and EQ-5D). This conversely demonstrated that the hybrid QALY method 



might be not equally suited as a clinical measure (e.g. BCVA) which is measured objectively 

and is independent of individual experiences, compared to disease specific QoL measures that 

are measured subjectively and based on individual experience. This might explain the limited 

independent explanatory power of BCVA for EQ-5D scores. 

 

 

5.5.2 Comparisons with Other Studies 

No direct comparisons could be made as this is the first study of its kind in the area of cost-

utility analysis in cancer and opthalmology trials. Although no studies (other than MORTISE) 

have used the same method, several studies have used alternative methods to try to achieve 

the goal of improving the disease specific sensitivity of preference-based measures in cancer 

or vision research. For example, Herdman et al. (2020) compared the validity and 

responsiveness of FACT-8D and ED-5D-5L and found that the EQ-5D performed as well as or 

better than the FACT-8D in patients with lymphoma. Luo et al. (2015) and Gandhi et al. (2020) 

concluded that the vision bolt on EQ-5D was more discriminative than the standard EQ-5D in 

vision problems. Brazier et al (2017a) found that the VFQ-UI was more sensitive than the EQ-

5D in diabetic macular edema.  

 

With regards to which approach(es) might be most appropriate in future studies where there 

is concern that the conventional EQ5D is not sensitive, studies could choose to use 

approach(es) such as using 'Preference-based condition-specific quality of life measure' (e.g. 

VFQ-UI, DemQoL-U), or 'EQ5D-Condition specific bolt on' (e.g. EQ5D-vision bolt on), or a 

mapping approach but choosing which approaches to use depends on the available research 

resources and budget in a study/trial. This is because the intensity of these approaches is 

variable. Different approaches require different amount of resources and budget. 

 

The benefit of the hybrid approach explored here in this Chapter 5 is that analysts can perform 

it as a sensitivity analysis like the MORTISE trial without extra resource if disease-specific 

quality of life measure is collected alongside EQ-5D. In terms of being able to assess disease-

specific cost-utility quickly as a sensitivity analysis, this is very resource conservative. 

 

As disease specific sensitivity analysis (i.e. the hybrid approach) is not going to be resource 

intensive compared with all the other methods where they require development, validation 



and verification, this is another way of looking at the data collected in trial in a more disease-

specific way. It will not necessary be performed as a primary analysis but maybe as a 

sensitivity analysis. This would give indication directly for patients in those disease 

populations within the context of the trial that is being analysed in. 

 

Compared with other methods, in terms of the impact on patient treatment, analysts would 

get two estimates of cost-utility analysis – One would be generic that would be able to 

compare across all disease areas which is advocated by the NICE guidance in the UK (i.e. QALY) 

and the other one would be more disease specific (i.e. hybrid QALY or disease-specific 

measure guided QALY) and would optimise information generated in the trial. 

 

Another benefit of this hybrid approach is that analysts would be able to build regression 

algorithm from the actual data itself within the respective trial for use to generate disease-

specific measure guided QALY (hybrid QALY) directly for use in cost-utility analysis for a more 

disease-specific sensitive result. 

 

Furthermore, the scatter plots of bootstrapped incremental cost and effect pairs on the 

incremental cost-effectiveness planes of both the COGNATE and CLARITY trials illustrate the 

uncertainty surrounding the estimates of incremental costs and incremental effects of two 

competing alternatives had become less dispersed (i.e. more precise) and the cloud of the 

scatter plots had shifted towards the direction of the respective disease-specific measures. 

This is in line with the MORTISE trial’s findings where the similar methodology was employed 

to modify its conventional QALY (Edwards et al., 2015). The MORTISE trial was a study looking 

at the effectiveness and cost-effectiveness of steroid (Methylprednisolone) injections versus 

anaesthetic alone for the treatment of Morton’s neuroma (Edwards et al., 2015; Thomson et 

al., 2013). The authors of the MORTISE trial found that the cloud of the scatter plots of the 

bootstrapped incremental costs and incremental QALYs that had taken account of the Foot 

Health Thermometer (FHT), the disease-specific measure of the trial, had demonstrated a 

shift towards the direction of the FHT (Edwards et al., 2015).  

 

5.5.3 Strengths and Limitations of the Study 

Though to date, only one study – that is the MORTISE trial by Edwards et al. (2015) – had 

utilised the disease-specific measure of the trial in cost-utility analysis of steroid injections 



versus anaesthetic alone for the treatment of Morton’s neuroma (MORTISE trial), this 

exploratory study described in this chapter is the first study of its kind in exploring the 

transferability/generalisability of the hybrid method first tried in the MORTISE trial in other 

disease areas (here in gastro-oesophageal cancer (COGNATE trial) and ophthalmology 

(CLARITY trial)). 

 

The linear regression approach may be improved upon as only disease-specific measure was 

included as independent variable in the regressions in this exploratory study which this was 

aimed to ease the identification of the effect of hybrid QALY has had on the cost-utility results 

for the exploratory purposes. Consideration of other types of regression modelling could be 

undertaken in future studies. One other benefit of the hybrid technique is that the hybrid 

QALYs are generated from the actual data within the trial.  

 

Based on the findings from this exploratory study using the datasets from the COGNATE and 

CLARITY trials, the cost-utility analyses using the hybrid QALYs (i.e. disease-specific measure 

guided QALYs) seem to yield more precise findings than using the conventional QALY. 

Likewise, Edwards and colleagues from the MORTISE trial (Edwards et al., 2015) found that 

the results of their cost-utility analysis were enhanced when the FHT scores were taken into 

account in the QALY calculation to generate FHT-AUC-guided QALY for the cost-utility 

analysis.  

 

Though research to date suggests that disease-specific measures have potential use in getting 

a better tuned QALY for cost-utility analysis, currently this novel concept of the hybrid method 

for QALYs however can only be used to make comparison within the same conditions/disease 

areas. More studies covering a broader range of conditions/disease areas are required to 

allow a wider coverage of knowledge of the effect of this concept of the hybrid method for 

QALYs on the cost-utility analysis results in other disease areas.  

 

In general, the effect of hybrid QALY (i.e. disease-specific measures guided QALY) on the 

findings of cost-utility analysis is unique for each trial. In a trial that employed this approach, 

specific regression models between disease-specific measures-AUC and EQ-5D QALY (i.e. 

conventional QALY) will have to be developed for each trial. The established regression model 

will subsequently be used to  calculate disease-specific measures guided QALY – A hybrid 



QALY where disease-specific measures are factored into the EQ-5D scales. The Morton’s 

neuroma study by Edwards and colleagues (2015) that employed the similar methodology in 

their cost-utility analysis described that the resulting regression model uses the greater 

discrimination achieved by the disease-specific measure of the study (i.e. the Foot Health 

Thermometer) to fill gaps in the simplistic three-point scales that characterised the original 

EQ-5D-3L that was used in their study. Therefore, using hybrid QALY (i.e. disease-specific 

measures guided QALY) in cost-utility analysis may provide better tuned results to the effects 

experienced within the disease population group. However, further research in this area is 

recommended to give a far-reaching insight into the effect of incorporating condition-

/disease-specific measures in QALY calculations on the findings of cost-utility analysis in other 

condition/disease areas. 

 

Last but not least, in this exploratory study, only disease-specific measures-AUC were used as 

independent variables in the regressions. Therefore, any changes in the results of cost-utility 

analysis using disease-specific measures guided QALY can be identified as solely due to the 

effect of disease-specific measures.  

 

5.5.4 Future Research 

Up to now, only one clinical trial [the MORTISE trial by Edwards et al. (2015)] had utilised 

disease-specific measure guided QALY (i.e. hybrid QALYs) to perform cost-utility analysis. This 

concept of hybrid QALY technique was further explored to assess the 

transferability/generalisability of the technique first tried in the MORTISE trial to other 

disease areas. Based on the explorative findings from these three disease areas, disease-

specific measures guided QALYs (i.e. hybrid QALYs) seems to have shown effect on the 

findings of cost-utility analysis. However, more studies across broad range of disease areas 

are needed to gain a far-reaching insight into the added value of disease-specific measures in 

cost-utility analysis in clinical trials. 

 

In addition, given that most if not all clinical studies normally collect both the EQ-5D and 

disease-specific measures data, conducting a sensitivity analysis using the hybrid QALY (i.e. 

disease-specific measures guided QALY) for cost-utility analysis could be recommended as 

part of the standard reporting procedure in health economics research alongside clinical 



trials. Identifying resource conservative method (i.e. hybrid QALY method) would be a way of 

optimising with what we already have to provide disease specific sensitive estimates. 

 

In terms of the impact on patient treatment, analysts would get two estimates of cost-utility 

analysis - One would be generic that would be able to compare across all disease areas which 

is advocated by the NICE guidance in the UK (i.e. QALY) and the other one would be more 

disease specific (i.e. hybrid QALY or disease-specific measure guided QALY) and would 

optimise information generated in the trial. 

 

5.5.5 Implications for service commissioning 

Based on the findings from this exploratory study, the disease-specific measures guided QALY 

seems to be more meaningful in reflecting the ‘real’ status of participants’ quality of life 

compared to conventional QALY that measured solely from a generic health-related quality 

of life measure (e.g. the EQ-5D). This is because EQ-5D is not always sensitive enough to pick 

up changes in participants’ disease-specific related quality of life (Pennington et al., 2020; 

Wichmann et al., 2017; Pettitt et al., 2016; Payakachat et al., 2015; Yang et al., 2015; Mulhern 

et al., 2013; Tosh et al., 2012; Whitehead and Ali, 2010). A holistic approach was taken in this 

exploratory study by incorporating the disease-specific measures area-under-the curve into 

QALY calculation to generate disease-specific measures guided QALY for use in cost-utility 

analysis. In other words, the disease-specific measures guided QALYs were derived by 

converting participants’ responses to the disease-specific measures of the trial into utilities 

on the original EQ-5D scale – an innovative approach that demonstrates the adjustment of 

conventional QALY to the disease context of the trial. Having modified findings of cost-

utility/cost-effectiveness of a new intervention or programme that takes account of studied 

disease area is crucial as the modified findings could help better decisions be made in an 

efficient way around health care resource allocations by policy makers or service 

commissioners to prioritise health care services within limited resources.  

 

5.6 Conclusions  

Applying a holistic approach to modifying QALY used in economic evaluation of health care 

interventions and/or technologies may improve decision-making around health care 

expenditure. From this exploratory study, we have learnt that disease-specific measures 

could be potentially useful in constructing a hybrid QALY for use in cost-utility analysis in 



clinical trials to help inform health care resource allocation decisions more effectively and 

rationally, at least within specific conditions or disease areas, which use the same disease-

specific guided QALY. It is possible that QALYs that take account of disease-specific measures 

are likely to more appropriately reflect the ‘real’ status of patient’s quality of life compared 

to conventional QALYs. The concept of the hybrid QALY technique explored in this chapter is 

novel and could potentially contribute meaningfully towards future research. In addition, the 

insights gained from this exploratory study serve to expand future research in economic 

evaluation methodology on modifying QALY based on disease-specific measures used in 

clinical trials.  

 



Chapter 6: Discussion 

6.1 Chapter summary 

The main findings of this thesis along with their corresponding research questions are 

presented in this final chapter. 

 

In addition, comparisons of the main findings of this thesis with other studies are presented, 

as well as the implications for service commissioning, the strengths and limitations, and 

recommendations for future research. In this chapter, I also review the novel contribution of 

this thesis in a changing field of economic evaluation methodology aside from the novel 

contribution leading from other chapters in this thesis.  

 

Finally, conclusions are drawn about the value of a holistic or universal “one size fits all” 

economic study of EUS in GOC staging to decision-makers in UK healthcare organisations, as 

well as the value of the range of novel methodologies in QALY estimations in clinical trials.  

 

6.2 Research questions and main findings 

To date (up to 2021), (1) with the exception of the published COGNATE trial HTA report by my 

COGNATE team colleagues and I, there are no other published studies evaluating the cost-

effectiveness of EUS in GOC staging alongside randomised trials until the inception of the HTA-

funded COGNATE trial that formed part of this thesis; (2) with the exception of my published 

systematic review paper in 2019 (Yeo et al., 2019) as a result of this PhD, there are no other 

published studies undertaking a rigorous economic-specific systematic review of EUS in GOC 

staging; (3) there are no published studies surveying the utilisation of EUS in GOC staging and 

the current practice in the UK up until January 2021 when a similar, but not the same, UK 

survey by Jones and colleagues was published in February 2021, and (4) there are no further 

published studies exploring the novel hybrid methodology in QALY estimations for cost-utility 

analysis in clinical trials, except in the MORTISE trial study where my colleagues and I first 

tried the hybrid QALY methodology idea (Edwards et al., 2015). To fill this gap, four 

independently related studies on EUS staging in GOCs were developed to collectively provide 

a holistic economic study on the cost-effectiveness, economic evidence, and utilisation of EUS 

in GOC staging in the UK, as well as the further exploration of the novel hybrid methodology 

in QALY estimations in other disease areas i.e. cancer (COGNATE trial) and ophthalmology 

(CLARITY trial) for cost-utility analysis in clinical trials. In achieving these milestones, four 



research questions were developed and presented in earlier Chapters (see “Chapter 1: 

Introduction”). In this final chapter, these research questions are listed below with a summary 

of the main findings. 

 

Thesis Chapter 2 

Research Question 1: Is adding EUS to the standard staging algorithm cost-effective in the 

management of patients with GOC? 

Main Findings: From an NHS perspective, economic evaluation of the COGNATE trial (a HTA-

funded, pragmatic, multi-centred, randomised controlled trial) showed that, on average, 

participants in the EUS group (intervention group) gained 0.197 more QALYs compared to 

participants in the non-EUS group (control group); and cost an average of £2,860 less per 

patient (2019 price: £3,490 less per patient) than controls as a result of fewer or shorter 

hospital stays. Combining these effectiveness and cost findings by bootstrapping, EUS has 

97% probability of being cost-effective at the NICE thresholds of £20,000 and £30,000 per 

QALY. 

 

Sensitivity analyses using two alternative estimates of the unit cost of EUS (£1,477 as 

outpatient or £3,781 as inpatient rather than £551 as day patient in the primary analysis) 

suggested that EUS remains cost-effective with a probability of 95% and 86% respectively at 

the lower NICE threshold of £20,000 per QALY. 

 

Sub-group analysis by initial quality of life showed that EUS was more cost-effective for 

participants reporting poorer initial health (below median EQ-5D score at baseline) despite 

saving less. Even for initially healthier participants (above median EQ-5D score at baseline), 

the intervention had at least 73% probability of being cost-effective at the NICE threshold if 

EUS costs £551. 

 

Additional sub-group analysis by age group showed that EUS was more cost-effective for 

younger participants (age<65) with a probability of 95% at the NICE thresholds. Even for older 

participants (age>=65), the intervention had a considerably high probability (greater than 

80%) of being cost-effective at the NICE thresholds of £20,000 and £30,000 per QALY. 

 

 



Thesis Chapter 3 

Research Question 2: What is the economic evidence on the use of EUS staging in patients 

with GOC?  

Main Findings: This is the first robust systematic review of economic evidence of EUS staging 

in GOCs. This review was carried out and reported in accordance with the updated PRISMA 

guidelines (Moher et al., 2009; Liberati et al., 2009). Six studies, conducted between 1996-

2018, met the inclusion criteria: three were economic studies and another three were 

economic modelling studies. The searches were updated to 2021 and no relevant paper was 

found. Study quality was generally satisfactory across all the six studies, but only one of these 

studies met all reporting and quality criteria – that was the study by Russell et al. (2013). 

 

Of the three economic studies, one was an incremental cost-utility analysis and two were cost 

analyses. Of the three economic modelling studies, one was an incremental cost-utility 

analysis and two were cost-minimisation analyses. Both of the incremental cost-utility 

analyses reported that use of EUS as an additional staging technique offered, on average, 

more QALYs (0.0019-0.1969 more QALYs) and saved costs (by £1,969-£3,364 per patient, 

2017 price year; by £2,037-£3,481 per patient, 2019 price year) compared to staging strategy 

without EUS.  

 

Thesis Chapter 4 

Research Question 3: How is EUS in GOC staging used in current practice in the UK? 

Main Findings: Up to January 2021, this is the first survey study of its kind in the field of EUS 

staging in GOC in the UK that explored clinicians’ views on the utilisation of EUS in GOC 

staging, its current clinical practice in the UK, potential factors associated with referral for 

EUS, and factors that are considered to have influence on the utilisation of EUS in GOC staging.  

 

The majority (greater than 90%, n = 89 out of 98) support the use of EUS for staging GOC as 

they believed that EUS offers the best local regional staging of GOC and the opportunity to 

biopsy during staging. Furthermore, they acknowledged that EUS helps to reduce unnecessary 

surgery for GOC patients. 

 

More than four-fifths of the survey respondents (n = 81 out of 98) reported that they have 

had experience in the field of EUS either by requesting, performing or both. In terms of 



clinicians’ perceptions about the clinical utility of EUS in GOC staging, these respondents 

perceived EUS is more useful for staging oesophageal and gastro-oesophageal junction 

cancers than gastric cancer. This finding is consistent with their response to the type of GOC 

patients they usually referred for EUS staging. 

 

With respect to clinicians’ current use of EUS, more than half of these respondents (n = 47 

out of 81) responded that they would not necessarily routinely request EUS for staging all 

newly diagnosed GOC patients although the majority supported the use of EUS for GOC 

staging. About three-quarters of these respondents (n = 59 out of 81) reported that EUS is 

available within their hospital. The remaining respondents who reported EUS is not available 

within their hospital stated that they usually referred patients to another hospital situated on 

average about 21 miles away (SD 21.7 miles) from their hospital for EUS screening. Benefits 

may be gained if EUS could be offered in more clinical settings to avoid delays in the diagnosis 

and treatment planning of GOCs. However, it is acknowledged that there are logistical, cost 

and training challenges in providing EUS at every hospital in the UK.  

 

Based on the responses to the pre-validated clinical vignettes, clinicians’ recommendations in 

treatment decisions (resection versus less invasive or palliative therapy) varied depending 

upon detailed differences in tumour stage resulting from EUS scan/staging. 

 

Various factors could influence the referral of GOC patients for EUS in clinical practice. These 

include factors such as variations in clinical management styles, perception of clinical utility 

of EUS, availability of EUS, whether clinicians attend MDT meeting, clinicians’ age and years 

in practice (Kim and Koch, 1999; personal communications with Dr Hasan Haboubi, Consultant 

Gastroenterologist and Clinical Advisor to this thesis). When the association of these potential 

factors with referral for EUS were explored, two factors – ‘attend Multidisciplinary Team 

(MDT) meeting’ and ‘clinicians’ age’ – demonstrated significant association (p<0.05) with 

referral of GOC patients for EUS, with ‘attend MDT meeting’ was the most important factor. 

The odd ratios of these two factors indicated that clinicians who attend MDT meeting appear 

to be more likely to refer GOC patients for EUS, and clinicians who are younger in age appear 

to be less likely to refer GOC patients for EUS. 

 



Given that Teaching Hospitals potentially having more funding (and staff) and therefore more 

access to specialist tests, and may be more radical in their approach to patient care compared 

to General Hospitals which may be more conservative, the factor ‘hospital type’ (Teaching 

Hospital versus District General Hospital (DGH)) was also assessed and it was found to have 

no significant association with referral for EUS for GOC staging though Teaching Hospitals may 

have better outcomes than General Hospitals in cancer care (Burke et al., 2017). Hence, this 

means that ‘hospital type’ is not an important factor for EUS referral. 

 

Thesis Chapter 5 

Research Question 4: Has disease-specific measure got potential use in QALY estimations for 

cost-utility analysis? 

Main Findings: This exploratory study is the expansion of the concept of the “hybrid QALY 

technique” first tried in the MORTISE trial (on which I was a Research Officer working with the 

Trial Statistician Dr Daphne Russell) (Edwards et al., 2015) to other disease areas (e.g. cancer 

(COGNATE trial) and ophthalmology (CLARITY trial)). The exploratory study in this Chapter was 

to further generalise the methodology in the MORTISE trial to explore the transferability of 

the hybrid approach to other disease areas. Data from two large clinical trials, each with a 12-

month follow-up [COGNATE, a HTA-funded cancer trial (Trial registration: ISRCTN1444215), 

and CLARITY, a NIHR-EME-funded non-cancer trial (Trial registration: ISRCTN32207582)] were 

utilised for the purpose of this exploratory study. In these two clinical datasets, participants’ 

responses to the disease-specific measures of the two trials were converted into utilities on 

the original EQ-5D scale, using a novel innovative approach in which disease-specific 

measures guided QALYs were generated for cost-utility analysis. The incremental cost-

effectiveness planes and cost-effectiveness acceptability curves constructed from cost-utility 

analysis using disease-specific measures guided QALY were compared with cost-utility 

analysis using conventional QALY.  

 

In general, the effect of the disease-specific measures guided QALY on the findings of cost-

utility/cost-effectiveness is unique for each trial. For example, in this exploratory study, it was 

found that, for the COGNATE trial, there was a decrease in the mean difference in the disease-

specific measure guided QALYs (p < 0.05) compared to the mean difference in the 

conventional QALY (p < 0.05). However, the cost-effectiveness acceptability curves for all the 

disease-specific measures guided QALYs showed that the probability of the new intervention 



being cost-effective at the NICE thresholds of £20,000 and £30,000 per QALY remained very 

closely the same as the probabilities for the conventional QALY. 

 

In both trials, cost-utility analysis results showed not only more certainty around the 

estimates of incremental cost-effectiveness ratios when conventional QALY was replaced 

with disease-specific measures guided QALY but also a shifting towards the direction of the 

respective disease-specific measures. 

 

6.3 Comparisons with other studies 

Thesis Chapter 2 

Title: Cost-effectiveness of EUS in the management of patients with GOC: findings from the 

COGNATE trial 

No direct comparisons could be made as, to date, this is the first study of its kind in this area 

in the evaluation of the economic values of EUS in managing patients with GOC. Furthermore, 

this is also the first economic evaluation study in this area that used primary economic data 

collected prospectively alongside a pragmatic randomised controlled trial (namely ‘COGNATE’ 

trial); hence this economic study offers novel contributions to existing literatures, particularly 

to the economic evidence of EUS in GOC staging as well as to the health technology 

assessments in the UK. This economic evaluation study was published in the HTA in 2013 as 

part of the COGNATE trial (Russell et al., 2013). 

 

Thesis Chapter 3 

Title: Systematic review of economic evidence of EUS in GOC staging 

No comparisons to other systematic review studies could be made as, to date, this is the one 

and only robust systematic review of economic evidence of EUS in GOC staging. Though a 

non-economic specific systematic review in this field was published 20 years ago by Harris et 

al. (1998), there was no health economics-related study identified in their systematic review. 

Hence, after all the searches had been updated to the year 2021, this systematic review is 

considered to be the most up-to-date collection of economic literature in this area. 

 

Thesis Chapter 4 

Title: The utilisation of EUS for GOC staging and the current practice in the UK: a healthcare 

professional survey 



The reported findings of this survey study in relation to clinicians’ knowledge and feelings 

about the use of EUS in GOC staging are in line with the findings reported in the recent survey 

undertaken by Jones and colleagues (Jones et al., 2021) investigating the use of EUS in the 

diagnosis and treatment of oesophageal cancer in the UK. Their survey study found that (1) 

EUS is mostly used as a complementary staging technique to PET-CT, either following PET-CT 

or at the same time as PET-CT, in the diagnostic pathway of oesophageal cancer; (2) for 

surgical planning, EUS is most commonly used to assess unresectable T4 disease, which is in 

line with the reported greater accuracy of EUS over PET-CT for T-staging (Thakkar and Kaul, 

2020; DaVee et al., 2017; Valero and Robles-Medranda, 2017; Allum et al., 2011; Puli et al., 

2008; Pfau et al., 2007); and (3) for treatment planning, EUS is most commonly used for 

selecting between surgery and chemoradiotherapy for more advanced but potentially 

resectable tumour which it helps to avoid unnecessary surgery for oesophageal patients 

(Jones et al., 2021). 

 

In terms of clinicians’ perceptions about the clinical utility of EUS in GOC staging, this survey’s 

findings are in line with the review conducted by Lennon and Penman (2007) indicating that 

EUS is more accurate in staging oesophagus cancer than gastric cancer. With regards to the 

findings reported by most of the respondents that they would not necessarily routinely 

request EUS for staging all newly diagnosed GOC patients, this is supported by the findings of 

the similar UK survey, conducted recently by Jones et al. (2021). Jones and colleagues (2021) 

found that there is a proportion of their survey respondents would request EUS on a case-

specific basis dependent on PET-CT results, and some would request EUS at the same time as 

PET-CT or routinely following PET-CT.  

 

With regards to the findings relating to factors associated with referral of GOC patients for 

EUS, the findings of the two factors – ‘availability of EUS’ and ‘perceived utility of EUS’ – are 

in contrast to the results of the US survey study conducted by Kim and Koch (1999) where 

their study showed that these two factors were both significantly associated with EUS 

referral. This could be due to the following facts which may account for this difference –  

• The availability of EUS has been increased since two decades ago although it varies 

across the hospitals in the UK. 

• Clinicians’ perceptions about the clinical utility of EUS is believed to have also increased 

since two decades ago alongside the evolution of EUS technology in clinical contexts. 



• There are also other cultural differences in medical practice between the US health care 

system which is privately funded versus the UK National Health Service which is publicly 

funded, as well as the potential differences in access to these services and capacity to 

provide them in a publicly funded system. 

• It is acknowledged that, with time, EUS has become accepted much more widely for 

various indications including diagnosis/staging of gastro-oesophageal cancers (Thakkar 

and Kaul, 2020; DaVee at al., 2017; Valero and Robles-Medranda, 2017; Sahai, 2012). 

 

Thesis Chapter 5 

Title: An exploratory study of novel methodology in QALY estimations using data from two 

clinical trials – COGNATE and CLARITY trials 

No direct comparisons could be made as this is the first study of its kind in the field of cancer 

and ophthalmology in exploring the transferability/generalisability of the concept of the 

“hybrid QALY technique” first tried in the MORTISE trial (Morton’s neuroma study) in other 

disease areas.  

 

Additionally, the cost-utility analyses’ results demonstrated in this exploratory study are in 

line with the findings of the MORTISE trial where the similar methodology was first tried to 

modify its conventional QALY (Edwards et al., 2015). The MORTISE trial was a study 

investigating the effectiveness and cost-effectiveness of steroid (Methylprednisolone) 

injections versus anaesthetic alone for the treatment of Morton’s neuroma (Thomson et al., 

2013; Edwards et al., 2015) on which I was the Research Officer of the trial. In the MORTISE 

trial, the Trial Statistician, Dr Daphne Russell and I first tried the concept of the “hybrid QALY 

technique” and found that the cloud of the scatter plots of the bootstrapped incremental 

costs and incremental QALYs that had taken account of the Foot Health Thermometer (FHT) 

scores, the disease-specific measure of the trial, had demonstrated a shift towards the 

direction of the FHT (Edwards et al., 2015).  

 

6.4 Implications for service commissioning 

A novel innovative approach was undertaken in Chapter 5 (the exploratory study chapter) 

given concerns have been raised over the lack of sensitivity and responsiveness of the 

preferred generic health-related quality of life tool – the EQ-5D (NICE, 2013), in detecting 

clinical changes in certain disease areas such as alcohol dependency, schizophrenia, limb 



reconstruction, hearing impairment, visual disorders and dementia (Pennington et al., 2020; 

Payakachat et al. 2015; Yang et al., 2015; Mulhern et al., 2013). Furthermore, it is widely 

acknowledged that generic health-related quality of life instruments, such as the EQ-5D, are 

not always sensitive enough to capture particular aspects of certain conditions, such as 

functional and symptomatic gains from a new health care intervention or technology 

(Whitehead and Ali, 2010; Tosh et al., 2012; Pettitt et al., 2016; Wichmann et al., 2017; 

Pennington et al., 2020).  

 

The novel innovative approach explored in Chapter 5 involves applying a holistic approach to 

modifying conventional QALYs by converting participants’ responses to the disease-specific 

measures of trials into utilities on the original EQ-5D scale. This concept of the “hybrid QALY 

technique” uses the greater discrimination achieved by the respective disease-/condition-

specific measures used in trials to fill gaps in the EQ-5D scales – a method of strengthening 

the EQ-5D, which we called the disease-/condition-specific-enhanced EQ-5D (Edwards et al., 

2015). By expanding the novel innovative approach to other disease areas, e.g. cancer and 

ophthalmology areas as demonstrated in this thesis, it not only allows us to explore the 

transferability/generalisability of the “hybrid QALY technique” first tried in the MORTISE trial 

in other disease areas but also the effect of incorporating disease-/condition-specific 

measures into QALY estimations on cost-utility analysis results. Hence, with further studies to 

cover a broader range of disease areas, this may offer a more comprehensive evidence-based 

source of information in facilitating resource allocation decisions in health care setting. 

 

The collective findings from the four independently related studies in this thesis are believed 

to not only have important implications for further improvements in the clinical area of EUS 

in GOC staging in the UK but also provide useful economic evidence-based information to 

policy makers and commissioners for informing policy and improving clinical practice in the 

UK. 

 

6.5 Strengths and limitations of this thesis 

To fill gaps in the literature about the use of EUS in the management of GOC patients, this 

thesis was developed to explore several important research questions related to the use of 

EUS in GOC staging from an economic perspective. These include questions about the 

economic value of EUS in GOC staging, the economic evidence and the utilisation of EUS in 



GOC staging in the current practice in the UK, as well as the potential use of disease-

/condition-specific measures in QALY estimations for cost-utility analysis. And to do so, a 

range of research methods were employed. These included a quantitative study applying 

cost-utility analysis to economic data collected alongside the COGNATE trial (Chapter 2), a 

systematic literature review (Chapter 3) and a survey-based quantitative study (Chapter 4). In 

addition, given the concerns over the insensitivity and unresponsiveness of the EQ-5D 

instrument (Pennington et al., 2020; Pettitt et al., 2016; Payakachat et al., 2015; Yang et al., 

2015; Mulhern et al., 2013; Tosh et al., 2012; Whitehead and Ali, 2010), a quantitative-based 

exploratory study was undertaken to explore the transferability/generalisability of the 

“hybrid QALY technique” first tried in the MORTISE trial in other disease areas e.g. cancer and 

ophthalmology (Chapter 5), providing a further strength to this thesis. Within the chapters of 

this thesis, various novel contributions to clinical and economic literature have been made, 

adding to clinical and economic knowledge in this field. 

 

In addition, this thesis had several other notable strengths which included the economic 

evaluation study was piggybacked onto the COGNATE randomised controlled trial, study 

sample used in the economic analysis of the COGNATE trial were the same as in its clinical 

effectiveness analysis, conduct of systematic literature review retrospectively, inclusion of 

different types of quantitative studies and use of strong and transparent methodology in each 

component of study in this thesis. Further details are described as below –  

• Piggyback economic evaluation onto clinical randomised controlled trial 

The economic evaluation study in this thesis was piggybacked onto the COGNATE 

randomised controlled trial; by doing so, it had several advantages which included 

(1) primary economic data, that collected prospectively alongside the COGNATE trial, 

were able to use for its analysis compared to other economic assessments studies 

such as modelling studies that use secondary data; (2) collection of patient-level data 

on costs and effects was made possible especially for a student with a limited 

research resources; (3) in terms of costs, it is more viable to do so especially for a 

student with a limited research budget.  

 

• Same study sample used in the clinical and economic analysis of the COGNATE trial 



The economic analysis in the COGNATE trial used the same study sample as for the 

clinical effectiveness analysis (n=213 participants, see Chapter 2), leading to valid 

findings.  

 

• Retrospective systematic literature review 

Due to resource constraints, a literature review instead of a systematic review was 

undertaken during the COGNATE trial. In view of that, a retrospective systematic 

review was planned and conducted as part of this thesis (Chapter 3), with agreement 

from supervisors, after the completion of the COGNATE trial. This delay gives 

additional strength to the scope and knowledge in this field in a way that it enables 

more existing economic literature relevant to EUS in GOC staging (including our 

published COGNATE HTA report) be captured, identified, screened, synthesised and 

appraised together as a whole, leading to a more comprehensive and up-to-date 

systematic literature review of economic evidence of EUS in GOC staging. 

 

• Inclusion of different types of quantitative studies 

Different types of quantitative research were used in this thesis which included an 

economic-based (Chapter 2), a survey-based (Chapter 4) and a methodological-

based (Chapter 5) quantitative studies. The combination of different types of 

quantitative studies is useful for gaining an overall picture of not only the economic 

value, but also the use of the new intervention/technology in the current clinical 

practice in the UK complimenting the aim of the study in evaluating the economic 

value of the new intervention/technology. With respect to the methodological-

based quantitative study in Chapter 5, it allows for the concept of the “hybrid QALY 

technique” first tried in the MORTISE trial be explored and expanded to other disease 

areas for cost-utility analysis in response to the growing concerns over the 

insensitivity and unresponsiveness of the generic health-related quality of life 

instruments, such as the EQ-5D (Pennington et al., 2020; Pettitt et al., 2016; 

Payakachat et al., 2015; Yang et al., 2015; Mulhern et al., 2013; Tosh et al., 2012; 

Whitehead and Ali, 2010). It is acknowledged that the five-level version of EQ-5D 

(EQ-5D-5L) was developed to address the concerns to some extent (Emrani et al., 

2020; EuroQoL Group, 2021). Although no studies (other than MORTISE) have used 

the same method, several studies have used alternative methods to try to achieve 



the goal of improving the disease specific sensitivity of preference-based measures 

in cancer or vision research. For example, Herdman et al. (2020) compared the 

validity and responsiveness of FACT-8D and ED-5D-5L and found that the EQ-5D 

performed as well as or better than the FACT-8D in patients with lymphoma. Luo et 

al. (2015) and Gandhi et al. (2020) concluded that the vision bolt on EQ-5D was more 

discriminative than the standard EQ-5D in vision problems. Brazier et al (2017a) 

found that the VFQ-UI was more sensitive than the EQ-5D in diabetic macular edema. 

 

The hybrid approach explored in Chapter 5 provides several benefits – This 

innovative approach can be performed as a sensitivity analysis like the MORTISE trial 

without extra resource if disease-specific quality of life measure is collected 

alongside EQ-5D. In terms of being able to assess disease-specific cost-utility quickly 

as a sensitivity analysis, this is very resource conservative. As disease-specific 

sensitivity analysis (i.e. the hybrid approach) is not going to be resource intensive 

compared with all the other methods where they require development, validation 

and verification, this is another way of looking at the data collected in trial in a more 

disease-specific way. It will not necessary be performed as a primary analysis but 

maybe as a sensitivity analysis. This would give indication directly for patients in 

those disease populations within the context of the trial that is being analysed in. 

 

Compared with other methods, in terms of the impact on patient treatment, the 

hybrid approach would allow analysts to get two estimates of cost-utility analysis – 

One would be generic that would be able to compare across all disease areas which 

is advocated by the NICE guidance in the UK (i.e. QALY) and the other one would be 

more disease specific (i.e. hybrid QALY or disease-specific measure guided QALY) and 

would optimise information generated in the trial. 

 

Another benefit of the hybrid approach is that analysts would be able to build 

regression algorithm from the actual data itself within the respective trial for use to 

generate disease-specific measure guided QALY (hybrid QALY) directly for use in 

cost-utility analysis for a more disease-specific sensitive result. 

 

 



• Use of strong and transparent methodology 

Each component of study in this thesis exhibits a strong and transparent 

methodology, of which they were designed in accordance with the aims, research 

questions and available resources. Each study in this thesis was conducted and 

reported in accordance with the relevant methodological guidance. The economic 

analysis in COGNATE study (Chapter 2) was conducted and reported in accordance 

with the published standard operating procedure for economic evaluation alongside 

randomised controlled trials (Edwards et al., 2008), published guidance (Ramsey et 

al., 2005; Glick et al., 2014; Drummond et al., 2015) and published CHEERS checklist 

(Husereau et al., 2013). The systematic review (Chapter 3) was conducted and 

reported in accordance with the updated PRISMA guidelines (Moher et al., 2009; 

Liberati et al., 2009). The online survey (Chapter 4) was designed and conducted in 

accordance with the published guidance for online questionnaire surveys (Regmi et 

al., 2016). The exploratory study of expanding the concept of the “hybrid QALY 

technique” first tried in the MORTISE trial to other disease areas (e.g. cancer and 

ophthalmology) for cost-utility analysis (Chapter 5) was conducted and reported in 

accordance with published guidance (Glick et al., 2014; Drummond et al., 2015) and 

published CHEERS checklist (Husereau et al, 2013), where appropriate.  

 

• Use of additional clinical trial’s datasets leads to more robust results  

Datasets from another clinical trial (CLARITY trial) were used to conduct an additional 

exploratory study of expanding the concept of the “hybrid QALY technique” to other 

disease areas (e.g. cancer and ophthalmology) for cost-utility analysis (Chapter 5). 

This added further value to the exploratory study. Whilst using additional datasets 

from another clinical trial supports the results of the primary exploratory analysis 

study, this expansion of the exploratory study allows for comparison of results within 

this thesis to be made, leading to more robust results.  

 

On the other hand, there are also several limitations to this PhD study. These included- 

• Survey study sample marginally below the minimum target number of sample size 

The total number of responses to the online survey in Chapter 4 is marginally below 

the minimum target number of sample size calculated for the survey although it 

provides an adequate level of precision. This may limit the power of the study to 



identify factor less strongly associated with referral for EUS and may affect the 

generalisability of the study findings to GOC clinicians in the UK.  

 

• Burden of survey questionnaire 

The service evaluation questionnaire designed for the online survey was a 17-page 

long questionnaire that consisted of five sections. Although the online survey could 

be completed in approximately less than 15 minutes, the number of sections may 

have been overly burdening for participants (Appendix 4.2).  

 

• No direct comparisons to other studies  

For the exploratory methodological study in relation to advancing cost-utility analysis 

(Chapter 5), no direct comparisons to other studies could be made in the field of 

cancer and ophthalmology. This is because this is not only the first study of its kind 

in these disease areas but also the hybrid methodology explored for a more disease-

specific sensitive result in cost-utility analysis (Chapter 5) is novel and innovative in 

the field of cancer and ophthalmology besides several studies have explored 

alternative methods to try to achieve the goal of improving the disease specific 

sensitivity of preference-based measures in cancer and vision research.  

 

• No comparison to other randomised controlled studies of EUS staging in GOC 

Besides the COGNATE trial, there are no other randomised controlled studies of EUS 

staging in GOC found in the UK as well as in other countries, based on the studies 

identified in the systematic review (Chapter 3). Thus, the economic evaluation study 

alongside the COGNATE trial in this thesis is the first study of its kind in this area. 

Hence, comparisons to other randomised studies in the similar clinical area are not 

possible. 

 

6.6 Future research and recommendations 

Given that there was a lack of health economics research collecting primary data on costs and 

effects (such as utility values to construct QALYs) of EUS staging in GOC, more primary health 

economic research in this area is recommended. In particular, integrated clinical and 

economic trials of EUS in GOC staging that can offer robust evidence of costs and effects. 

 



In terms of consolidating the knowledge and experiences clinicians have acquired to date, 

additional cancer research studies including other survey studies in the field of EUS for GOC 

staging are recommended. This can help to strengthen the link between clinicians’ knowledge 

and the clinical utility of EUS in GOC staging, which this will positively help influence the 

clinical practice in this field in the UK. For example, increased uptake of EUS for GOC staging 

will be a result of increased clinicians’ knowledge and confidence in the clinical utility of EUS 

in GOC staging. Consequently, this will help improve clinical efficiency and quality of care in 

the delivery of diagnosis and treatment planning of GOC.  

 

In addition, increased education efforts are required to encourage utilisation of EUS in GOC 

staging given EUS has been shown to be cost saving and offers greater QALYs (Yeo et al., 2019; 

Russell et al., 2013) and is recommended as a complementary staging technique to other 

staging techniques in the evaluation of GOCs (NICE, 2018a; Allum et al., 2011; Pfau et al., 

2007). Concomitant efforts must be made to offer more EUS-related trainings and workshops 

to increase clinicians’ awareness, perception, and knowledge of clinical utility of EUS.  

 

Given that performing EUS requires technical proficiency, increased intensive yet 

comprehensive trainings in clinical utility of EUS for GOC staging is recommended to help 

develop technically trained and skilled experts in using EUS for GOCs diagnosis and treatment 

planning. This includes trainings in using EUS for staging GOC and performing EUS in the 

diagnostic and therapeutic procedures for GOCs as well as evaluating and interpreting EUS 

images (Dietrich et al., 2019; Penman et al., 2011; Carroll and Penman, 2004; Catalano et al., 

1995). This allows clinicians to rely upon the detailed information resulting from EUS imaging 

of tumour staging to help guide their ongoing management. On the whole, increased 

availability of EUS more widely across the hospitals in the UK is vital to increase the 

accessibility and utilisation of EUS for GOC staging. Consequently, this will help avoid delays 

in the diagnosis and treatment planning of GOCs. 

 

With regards to the concerns on the insensitivity and unresponsiveness of the EQ-5D tool in 

measuring individuals’ health-related quality of life, more research on methodological 

development in modifying the conventional QALY by incorporating disease-/condition-

specific measures in QALY estimations for use in cost-utility analysis is recommended. This 

will allow for more comparisons of results of cost-utility analysis using conventional QALY 



versus hybrid QALY to be made, and hence, improve the research strength in this area. This 

could be achieved by either undertaking a stand-alone methodological study in this area or a 

sensitivity analysis embedded in a clinical trial. Undertaking a sensitivity analysis as part of 

trial is useful to assess the effect of incorporating disease-/condition-specific measures into 

QALY estimations on the outcomes of cost-utility analysis. Further research on applying this 

innovative hybrid approach to other disease areas is vital to provide comprehensive 

assessment of the effect of this approach and hence allow a robust conclusion to be made. 

As a result, a conclusive decision can be made on the usefulness of incorporating disease-

/condition-specific measures in QALY estimations for use in cost-utility analysis in different 

disease areas.  

 

Besides the hybrid QALY method explored in this thesis, it is acknowledged that several 

studies have used alternative methods (e.g. disease-specific preference-based measures and 

EQ-5D disease-specific bolt-on) to try to achieve the goal of improving the disease specific 

sensitivity of preference-based measures in cancer or vision research. Hence, question as to 

which approach(es) might be most appropriate in future studies where there is concern that 

the conventional EQ-5D is not sensitive, studies could choose to use approach(es) such as 

using 'condition-specific preference-based quality of life measure' (e.g. VFQ-UI, DemQoL-U), 

or 'EQ5D-disease-specific bolt on' (e.g. EQ5D-vision bolt on), or a mapping approach but 

choosing which approaches to use depends on the available research resources and budget 

in a study/trial. This is because the intensity of these approaches is variable. Different 

approaches require different amount of resources and budget. 

 

6.7 Novel contribution of this thesis  

The studies reported in this thesis offer multiple novel contributions to both health economics 

and policy. 

 

6.7.1 Contribution to methodology 

The studies reported in this thesis used different types of quantitative research of which the 

combination offers a holistic insight into the economic value of EUS in managing patients with 

GOCs and the use of EUS in GOC staging in the current practice in the UK complimenting the 

overarching aim of this thesis in evaluating the economic value of EUS in GOC staging. 

Together, these build a holistic economic study of EUS in GOC staging which has not previously 



been conducted. The various types of quantitative studies used in this thesis included an 

economic-based quantitative study (Chapter 2), a survey-based quantitative study (Chapter 

4) and a methodological-based quantitative study (Chapter 5). 

 

The methodological-based quantitative study presented in Chapter 5 is the first study of its 

kind in the area of cancer and ophthalmology in health economic research. The study used 

the concept of the “hybrid QALY technique” first tried in the MORTISE trial to explore the 

transferability/generalisability of the hybrid approach in other disease areas in cost-utility 

analysis, using data from the cancer trial (COGNATE trial) and ophthalmology trial (CLARITY 

trial). This allows for the development of cost-utility analysis being explored in response to 

the growing concerns over the insensitivity and unresponsiveness of the generic health-

related quality of life instruments, such as the EQ-5D (Pennington et al., 2020; Pettitt et al., 

2016; Payakachat et al., 2015; Yang et al., 2015; Mulhern et al., 2013; Tosh et al., 2012; 

Whitehead and Ali, 2010), despite the EQ-5D-5L, a new version of the EQ-5D, was developed 

to address this concern to some extent (EuroQoL group, 2021; Herdman et al., 2011). The 

hybrid QALY approach explored in this thesis may serve as a complementary/supporting 

approach in resolving the uncertainty on the sensitivity and responsiveness of the EQ-5D in 

QALY estimations. In some disease areas, dementia and visual disorders for example, have 

adapted condition-specific tools to resolve the insensitivity and unresponsiveness of EQ-5D 

in QALY estimations. In their quest to resolve this issue in dementia, Mulhern and colleagues 

(2013) have developed condition-specific tool for dementia (i.e. DEMQOL-U and DEMQOL-

PROXY-U) for QALY estimations in economic evaluation. Yang and colleagues (2015) 

meanwhile developed the bolt-on vision dimension to the standard EQ-5D, namely the ED-

5D-Vis, to resolve the issue in the area of visual disorders.  

 

6.7.2 Contribution to policy 

The study reported in Chapter 2 is the first prospective economic evaluation study conducting 

alongside a randomised trial (the COGNATE trial, a UK-led randomised controlled trial) to 

evaluate whether EUS was cost-effective in the management of patients with GOC. The 

economic findings from the COGNATE trial contribute significantly to literature as there are 

no other prospective economic evaluation study conducted alongside randomised trial found 

in this area, apart from the COGNATE trial, based on the studies identified in the systematic 

review in Chapter 3. Thus, the prospective economic evaluation study reported in Chapter 2 



offers a novel opportunity to inform evidence-based health care policy decision-making in the 

area of EUS in GOC staging within scarce resources.  

 

The conduct of the economic-specific systematic literature review of EUS staging in patients 

with GOCs (Chapter 3) is novel in the areas of GOC and health economic research. This 

systematic review study fills gap in the literature, showing a significant contribution to the 

research in this area. The extensive search terms designed for the systematic review and 

together with the detailed and comprehensive search strategy developed for each search 

database in the systematic review aid the design of future systematic reviews of EUS staging 

within the context of health economics. The detailed, comprehensive, and transparent 

reporting of the systematic review in Chapter 3 not only aids future work on conducting a 

systematic review in similar if not the same field but also provides policy makers and 

commissioners with robust evidence-based economic information on the use of EUS in GOC 

staging in which to help inform health care policy decision making (Liberati et al., 2009; 

Aromataris and Pearson, 2014; Munn et al., 2018).  

 

The study reported in Chapter 4 is the first survey study, up to January 2021, of MDT GOC-

interested clinicians on the use of EUS in GOC staging in the UK. This survey offers an insight 

into the utilisation of EUS in GOC staging and the current clinical practice in the UK, including 

the potential factors associated with referral for EUS. The findings from this survey provide 

useful evidence-based information to policy makers and commissioners in which to inform 

health care policy decision-making on the use of EUS for GOC staging in clinical practices in 

the UK. 

 

The exploratory methodological study of developing cost-utility analysis reported in Chapter 

5 is novel. This is the first exploratory study of its kind in the area of cancer and 

ophthalmology. This exploratory study used data from a cancer trial (COGNATE trial) and an 

ophthalmology trial (CLARITY trial), leading to more robust and conclusive findings. This 

exploratory methodological study offers an opportunity to further explore the 

transferability/generalisability of the “hybrid QALY technique” first tried in the MORTISE trial 

(on which Dr Daphne Russell, the Trial Statistician and I, the Research Officer in Health 

Economics were on the trial) in other disease areas for cost-utility analysis in clinical trials. To 

date, there are no other studies exploring similar methodology, except in the MORTISE trial 



(Edwards et al., 2015) where the same hybrid approach was undertaken to modify its 

conventional QALY and assessed the effect of the resulting hybrid QALY, that had taken 

account of the disease-specific measure of the MORTISE trial (i.e. the Foot Health 

Thermometer), on cost-utility analysis. Our research to date shows interesting findings that 

disease-specific measures are potentially useful in developing cost-utility analysis. 

Nevertheless, more studies covering a wider range of conditions/disease areas are required 

to allow for comprehensive assessment on the effect of this hybrid approach on cost-utility 

analysis in clinical trials. As a result, robust conclusion can be drawn on the usefulness of this 

approach in resolving the insensitivity and unresponsiveness issue of the EQ-5D to specific 

condition/disease areas. 

 

6.8 Conclusion 

This thesis evaluated and identified the economic value and evidence of EUS in GOC staging. 

Evidence from this thesis suggests that EUS saves costs, provides greater QALYs and is cost-

effective. These encouraging findings provide strong evidence in favour of EUS scans for all 

GOC patients who have the potential to benefit. For a more complete picture of the use of 

EUS in GOC staging in the UK, a survey of MDT GOC members was undertaken. This ensured 

that GOC clinicians’ views on the use of EUS in GOC staging in current clinical practice in the 

UK was explored, providing greater benefit to policy makers and health care service 

commissioners in their decision making. Attend MDT meeting appears to be the most 

important factor associated with referral for EUS. Clinicians who attend MDT meetings appear 

to be more likely to refer GOC patients for EUS. The exploratory study using a novel concept 

of the hybrid approach to modifying conventional QALY for cost-utility analysis of new 

intervention/technology suggests that condition-/disease-specific measures are found to be 

potentially useful in developing cost-utility analysis in clinical trials, allowing policy makers 

and commissioners to make decisions more efficiently and rationally on health care resource 

allocation, at least within specific conditions or disease areas, which use the same disease-

specific guided QALY (i.e. hybrid QALY). In addition, the insights gained from the exploratory 

study serve to expand and guide future research in improving economic evaluation 

methodology. 

 

On the whole, each element of this thesis together with the findings from the thesis make 

multiple novel contributions to both health economic methodology and policy. This thesis 



provides evidence-based information to policy makers and health care service commissioners 

within the need for an effective and efficient management of gastro-oesophageal cancer, to 

improve efficiency of care in the delivery of diagnosis and treatment planning of gastro-

oesophageal cancer within limited resources.  
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Appendix 2.3: Treatment plan at randomisation by plan amended after EUS. This table is quoted directly from the published COGNATE 
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Appendix 3.2: PRISMA Guidelines (Updated version)  

Section/topic  # Checklist item  
Reported 
on page 
#  

TITLE   
Title  1 Identify the report as a systematic review, meta-analysis, 

or both.  
 

ABSTRACT   
Structured 
summary  

2 Provide a structured summary including, as applicable: 
background; objectives; data sources; study eligibility 
criteria, participants, and interventions; study appraisal 
and synthesis methods; results; limitations; conclusions 
and implications of key findings; systematic review 
registration number.  

 

INTRODUCTION   
Rationale  3 Describe the rationale for the review in the context of 

what is already known.  
 

Objectives  4 Provide an explicit statement of questions being 
addressed with reference to participants, interventions, 
comparisons, outcomes, and study design (PICOS).  

 

METHODS   
Protocol and 
registration  

5 Indicate if a review protocol exists, if and where it can be 
accessed (e.g., Web address), and, if available, provide 
registration information including registration number.  

 

Eligibility criteria  6 Specify study characteristics (e.g., PICOS, length of 
follow-up) and report characteristics (e.g., years 
considered, language, publication status) used as 
criteria for eligibility, giving rationale.  

 

Information 
sources  

7 Describe all information sources (e.g., databases with 
dates of coverage, contact with study authors to identify 
additional studies) in the search and date last searched.  

 

Search  8 Present full electronic search strategy for at least one 
database, including any limits used, such that it could be 
repeated.  

 

Study selection  9 State the process for selecting studies (i.e., screening, 
eligibility, included in systematic review, and, if 
applicable, included in the meta-analysis).  

 

Data collection 
process  

10 Describe method of data extraction from reports (e.g., 
piloted forms, independently, in duplicate) and any 
processes for obtaining and confirming data from 
investigators.  

 

Data items  11 List and define all variables for which data were sought 
(e.g., PICOS, funding sources) and any assumptions 
and simplifications made.  

 

Risk of bias in 
individual studies  

12 Describe methods used for assessing risk of bias of 
individual studies (including specification of whether this 
was done at the study or outcome level), and how this 
information is to be used in any data synthesis.  

 

Summary 
measures  

13 State the principal summary measures (e.g., risk ratio, 
difference in means).  

 



From:  Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses: The PRISMA Statement. PLoS Med 6(7): 
e1000097. doi:10.1371/journal.pmed1000097  
For more information, visit: www.prisma-statement.org. 

Synthesis of results  14 Describe the methods of handling data and combining 
results of studies, if done, including measures of 
consistency (e.g., I2) for each meta-analysis.  

 

Risk of bias across 
studies  

15 Specify any assessment of risk of bias that may affect 
the cumulative evidence (e.g., publication bias, selective 
reporting within studies).  

 

Additional analyses  16 Describe methods of additional analyses (e.g., sensitivity 
or subgroup analyses, meta-regression), if done, 
indicating which were pre-specified.  

 

RESULTS   
Study selection  17 Give numbers of studies screened, assessed for 

eligibility, and included in the review, with reasons for 
exclusions at each stage, ideally with a flow diagram.  

 

Study 
characteristics  

18 For each study, present characteristics for which data 
were extracted (e.g., study size, PICOS, follow-up 
period) and provide the citations.  

 

Risk of bias within 
studies  

19 Present data on risk of bias of each study and, if 
available, any outcome level assessment (see item 12).  

 

Results of 
individual studies  

20 For all outcomes considered (benefits or harms), 
present, for each study: (a) simple summary data for 
each intervention group (b) effect estimates and 
confidence intervals, ideally with a forest plot.  

 

Synthesis of results  21 Present the main results of the review. If meta-analyses 
are done, include for each, confidence intervals and 
measures of consistency. 

 

Risk of bias across 
studies  

22 Present results of any assessment of risk of bias across 
studies (see Item 15).  

 

Additional analysis  23 Give results of additional analyses, if done (e.g., 
sensitivity or subgroup analyses, meta-regression [see 
Item 16]).  

 

DISCUSSION   
Summary of 
evidence  

24 Summarize the main findings including the strength of 
evidence for each main outcome; consider their 
relevance to key groups (e.g., healthcare providers, 
users, and policy makers).  

 

Limitations  25 Discuss limitations at study and outcome level (e.g., risk 
of bias), and at review-level (e.g., incomplete retrieval of 
identified research, reporting bias).  

 

Conclusions  26 Provide a general interpretation of the results in the 
context of other evidence, and implications for future 
research.  

 

FUNDING   
Funding  27 Describe sources of funding for the systematic review 

and other support (e.g., supply of data); role of funders 
for the systematic review.  
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Appendix 3.3: Search strategy for MEDLINE via Ovid and the results 

# Searches Results 

1 exp Endosonography/ 10030  

2 endosono$.tw. 2227  

3 endoscopic ultraso$.tw. 8020  

4 endoscopic-ultraso$.tw. 8020  

5 EUS.tw. 6441  

6 (echoendoscop$ or echo-endoscop$).tw. 610  

7 
((endosono$ or endoscopic ultraso$ or endoscopic-ultraso$ or EUS) adj6 

aspiration).tw. 
2176  

8 1 or 2 or 3 or 4 or 5 or 6 or 7 16409  

9 staging.tw. 59177  

10 ((Preoperative or pre-operative) adj6 staging).tw. 3687  

11 9 or 10 59177  

12 8 and 11 2530  

13 exp Adenocarcinoma/ 317200  

14 adenocarcinoma$.tw. 112263  

15 13 or 14 356486  

16 exp Esophagus/ 46067  

17 exp Esophagogastric Junction/ 7423  

18 (gastroesophag$ adj3 junction$).tw. 2068  

19 (gastro-esophag$ adj3 junction$).tw. 201  

20 (gastrooesophag$ adj3 junction$).tw. 32  

21 (gastro-oesophag$ adj3 junction$).tw. 412  

22 esophagogastric junction$.tw. 1450  

23 esophago-gastric junction$.tw. 165  



24 oesophagogastric junction$.tw. 217  

25 oesophago-gastric junction$.tw. 85  

26 exp Stomach/ 116444  

27 16 or 17 or 18 or 19 or 20 or 21 or 22 or 23 or 24 or 25 or 26 151578  

28 15 and 27 8985  

29 exp Esophageal Neoplasms/ 42331  

30 exp Stomach Neoplasms/ 82204  

31 (esophag$ adj5 neoplas$).tw. 1487  

32 (oesophag$ adj5 neoplas$).tw. 255  

33 (esophag$ adj5 cancer$).tw. 19631  

34 (oesophag$ adj5 cancer$).tw. 3915  

35 (esophag$ adj5 carcin$).tw. 14966  

36 (oesophag$ adj5 carcin$).tw. 2763  

37 (esophag$ adj5 tumo$).tw. 5026  

38 (oesophag$ adj5 tumo$).tw. 902  

39 (esophag$ adj5 metasta$).tw. 1972  

40 (oesophag$ adj5 metasta$).tw. 279  

41 (esophag$ adj5 malig$).tw. 2500  

42 (oesophag$ adj5 malig$).tw. 645  

43 (esophag$ adj5 adenocarcinoma$).tw. 5071  

44 (oesophag$ adj5 adenocarcinoma$).tw. 1308  

45 (stomach adj5 neoplas$).tw. 783  

46 (stomach adj5 cancer$).tw. 11123  

47 (stomach adj5 carcin$).tw. 4498  

48 (stomach adj5 tumo$).tw. 3823  

49 (stomach adj5 metasta$).tw. 1056  



50 (stomach adj5 malig$).tw. 1181  

51 (stomach adj5 adenocarcinoma$).tw. 1786  

52 (gastric adj5 neoplas$).tw. 2040  

53 (gastric adj5 cancer$).tw. 48385  

54 (gastric adj5 carcin$).tw. 18391  

55 (gastric adj5 tumo$).tw. 9450  

56 (gastric adj5 metasta$).tw. 6111  

57 (gastric adj5 malig$).tw. 3296  

58 (gastric adj5 adenocarcinoma$).tw. 7474  

59 

29 or 30 or 31 or 32 or 33 or 34 or 35 or 36 or 37 or 38 or 39 or 40 or 41 or 

42 or 43 or 44 or 45 or 46 or 47 or 48 or 49 or 50 or 51 or 52 or 53 or 54 or 

55 or 56 or 57 or 58 

148829  

60 28 or 59 149629  

61 
(gut$ adj5 (neoplas$ or cancer$ or carcin$ or tumo$ or adenocarcinoma$ or 

metasta$ or malig$)).tw. 
1011  

62 
(gullet$ adj5 (neoplas$ or cancer$ or carcin$ or tumo$ or adenocarcinoma$ 

or metasta$ or malig$)).tw. 
13  

63 
(food pipe adj5 (neoplas$ or cancer$ or carcin$ or tumo$ or 

adenocarcinoma$ or metasta$ or malig$)).tw. 
0  

64 
(("upper GI" or "upper-GI") adj5 (neoplas$ or cancer$ or carcin$ or tumo$ or 

adenocarcinoma$ or metasta$ or malig$)).tw. 
315  

65 

(("upper gastrointestin$" or "upper-gastrointestin$") adj5 (neoplas$ or 

cancer$ or carcin$ or tumo$ or adenocarcinoma$ or metasta$ or 

malig$)).tw. 

1733  

66 
((upper digestive tract$ or upper-digestive tract$) adj5 (neoplas$ or cancer$ 

or carcin$ or tumo$ or adenocarcinoma$ or metasta$ or malig$)).tw. 
250  

67 61 or 62 or 63 or 64 or 65 or 66 3212  



68 60 or 67 151393  

69 12 and 68 991  

70 exp Economics/ 526348  

71 health economics.mp. 2853  

72 Economic evaluation.mp. 6595  

73 exp Cost-Benefit Analysis/ 65882  

74 
(cost$ adj2 (effective$ or utilit$ or consequence$ or benefit$ or 

minimi$)).tw. 
112506  

75 Cost effectiveness analysis.mp. 6951  

76 cost utility analysis.mp. 1657  

77 cost consequences analysis.mp. 47  

78 cost minimisation analysis.mp. 128  

79 cost minimization analysis.mp. 405  

80 exp "Costs and Cost Analysis"/ 197564  

81 

(unit cost or unit-cost or unit-costs or unit costs or drug cost or drug costs or 

hospital costs or health-care costs or health care cost or medical cost or 

medical costs).tw. 

25430  

82 
(cost$ adj2 (efficac$ or analys$ or allocation$ or control$ or illness$ or 

affordable$ or fee$ or charge$)).tw. 
32778  

83 exp Models, Economic/ 11684  

84 (decision adj1 (tree$ or analys$ or model$)).tw. 10447  

85 Markov$.tw. 16615  

86 
exp Economics, Pharmaceutical/ or exp Economics, Medical/ or exp 

Economics, Hospital/ 
37277  

87 
(econom$ or cost$ or price$ or pricing or pharmacoeconomic$ or 

pharmaeconomic$ or pharmaco-economic$).tw. 
595818  

88 exp "Fees and Charges"/ 28183  



89 exp Budgets/ 12815  

90 (financ$ or fee$).tw. 490886  

91 
((value or values or valuation) adj2 (money or monetary or life or lives or 

costs or cost)).tw. 
4987  

92 exp Health Expenditures/ 17219  

93 (low adj cost).mp. 32881  

94 (high adj cost).mp. 9687  

95 (health?care adj cost$).mp. 6233  

96 (cost adj estimate$).mp. 1683  

97 exp Hospital Costs/ 8804  

98 exp "Cost Savings"/ 9754  

99 exp "Quality of Life"/ 136989  

100 *"Quality of Life"/ 61982  

101 

70 or 71 or 72 or 73 or 74 or 75 or 76 or 77 or 78 or 79 or 80 or 81 or 82 or 

83 or 84 or 85 or 86 or 87 or 88 or 89 or 90 or 91 or 92 or 93 or 94 or 95 or 

96 or 97 or 98 or 99 or 100 

1517091  

102 69 and 101 58  

103 
limit 102 to (english language and humans and yr="1996 - 2016" and "all 

adult (19 plus years)") 
19  

 

 



Appendix 3.4: Search strategy for CINAHL with Full Text via EBSCOhost and the results 

#  Searches Results  

S1  (MH "Endosonography")  1,657  

S2  AB endosono*  98  

S3  AB endoscopic ultraso*  404  

S4  AB endoscopic-ultraso*  365  

S5  AB EUS  573  

S6  AB echoendoscop* or echo-endoscop*  57  

S7  AB (endosono* or endoscopic ultraso* or endoscopic-ultraso* or EUS) N6 

aspiration  

118  

S8  S1 OR S2 OR S3 OR S4 OR S5 OR S6 OR S7  2,013  

S9  AB staging  3,162  

S10  AB (Preoperative or pre-operative) N6 staging  127  

S11  S9 OR S10  3,162  

S12  S8 AND S11  161  

S13  (MH "Adenocarcinoma+")  9,429  

S14  AB adenocarcinoma*  2,496  

S15  S13 OR S14  10,809  

S16  (MH "Esophagus")  2,150  

S17  "Esophagogastric Junction"  70  

S18  AB gastroesophag* N3 junction*  120  

S19  AB gastro-esophag* N3 junction*  1  



S20  TX gastrooesophag* N3 junction*  7  

S21  AB gastro-oesophag* N3 junction*  16  

S22  AB esophagogastric junction*  55  

S23  AB esophago-gastric junction*  2  

S24  AB oesophagogastric junction*  13  

S25  AB oesophago-gastric junction*  2  

S26  (MH "Stomach+")  1,977  

S27  S16 OR S17 OR S18 OR S19 OR S20 OR S21 OR S22 OR S23 OR S24 OR S25 OR 

S26  

4,126  

S28  S15 AND S27  290  

S29  (MH "Esophageal Neoplasms+")  2,248  

S30  (MH "Stomach Neoplasms+")  2,506  

S31  AB esophag* N5 neoplas*  74  

S32  AB oesophag* N5 neoplas*  5  

S33  AB esophag* N5 cancer*  611  

S34  AB oesophag* N5 cancer*  281  

S35  AB esophag* N5 carcin*  232  

S36  AB oesophag* N5 carcin*  79  

S37  AB esophag* N5 tumo*  93  

S38  AB oesophag* N5 tumo*  37  

S39  AB esophag* N5 metasta*  31  



S40  AB oesophag* N5 metasta*  17  

S41  AB esophag* N5 malig*  68  

S42  AB oesophag* N5 malig*  20  

S43  AB esophag* N5 adenocarcinoma*  252  

S44  AB oesophag* N5 adenocarcinoma*  94  

S45  AB stomach N5 neoplas*  13  

S46  AB stomach N5 cancer*  372  

S47  AB stomach N5 carcin*  36  

S48  AB stomach N5 tumo*  58  

S49  AB stomach N5 metasta*  19  

S50  AB stomach N5 malig*  20  

S51  AB stomach N5 adenocarcinoma*  40  

S52  AB gastric N5 neoplas*  75  

S53  AB gastric N5 cancer*  1,136  

S54  AB gastric N5 carcin*  252  

S55  AB gastric N5 tumo*  174  

S56  AB gastric N5 metasta*  97  

S57  AB gastric N5 malig*  82  

S58  AB gastric N5 adenocarcinoma*  194  

S59  S29 OR S30 OR S31 OR S32 OR S33 OR S34 OR S35 OR S36 OR S37 OR S38 OR 

S39 OR S40 OR S41 OR S42 OR S43 OR S44 OR S45 OR S46 OR S47 OR S48 OR 

S49 OR S50 OR S51 OR S52 OR S53 OR S54 OR S55 OR S56 OR S57 OR S58  

5,566  



S60  S28 OR S59  5,589  

S61  AB gut* N5 (neoplas* or cancer* or carcin* or tumo* or adenocarcinoma* 

or metasta* or malig*)  

32  

S62  TX gullet* N5 (neoplas* or cancer* or carcin* or tumo* or adenocarcinoma* 

or metasta* or malig*)  

4  

S63  TX food pipe N5 (neoplas* or cancer* or carcin* or tumo* or 

adenocarcinoma* or metasta* or malig*)  

1  

S64  AB ("upper GI" or "upper-GI") N5 (neoplas* or cancer* or carcin* or tumo* 

or adenocarcinoma* or metasta* or malig*)  

30  

S65  AB ("upper gastrointestin*" or "upper-gastrointestin*") N5 (neoplas* or 

cancer* or carcin* or tumo* or adenocarcinoma* or metasta* or malig*)  

83  

S66  AB (upper digestive tract* or upper-digestive tract*) N5 (neoplas* or 

cancer* or carcin* or tumo* or adenocarcinoma* or metasta* or malig*)  

17  

S67  S61 OR S62 OR S63 OR S64 OR S65 OR S66  155  

S68  S60 OR S67  5,677  

S69  S12 AND S68  50  

S70  (MH "Economics+")  501,302  

S71  "health economics"  3,531  

S72  "Economic evaluation"  1,348  

S73  (MH "Cost Benefit Analysis")  15,358  

S74  AB cost* N2 (effective* or utilit* or consequence* or benefit* or minimi*)  16,294  

S75  "Cost effectiveness analysis"  1,264  

S76  "cost utility analysis"  273  

S77  "cost consequences analysis"  7  



S78  "cost minimisation analysis"  26  

S79  "cost minimization analysis"  59  

S80  (MH "Costs and Cost Analysis+")  60,866  

S81  AB unit cost or unit-cost or unit-costs or unit costs or drug cost or drug costs 

or hospital costs or health-care costs or health care cost or medical cost or 

medical costs  

11,510  

S82  AB cost* N2 (efficac* or analys* or allocation* or control* or illness* or 

affordable* or fee* or charge*)  

5,244  

S83  "economic model*"  473  

S84  AB decision N1 (tree* or analys* or model*)  1,985  

S85  AB Markov*  875  

S86  (MH "Economics, Pharmaceutical")  1,355  

S87  AB econom* or cost* or price* or pricing or pharmacoeconomic* or 

pharmaeconomic* or pharmaco-economic*  

77,571  

S88  (MH "Fees and Charges+")  9,271  

S89  (MH "Budgets")  7,004  

S90  AB financ* or fee*  65,793  

S91  AB (value or values or valuation) N2 (money or monetary or life or lives or 

costs or cost)  

1,174  

S92  "Health Expenditures"  297  

S93  low N1 cost  2,722  

S94  high N1 cost  2,521  

S95  healthcare N5 cost*  3,004  



S96  health care N5 cost*  28,350  

S97  health-care N5 cost*  28,013  

S98  cost N5 estimate*  3,522  

S99  (MH "Health Care Costs+") OR (MH "Health Facility Costs")  27,259  

S100  (MH "Cost Savings")  9,343  

S101  (MH "Health Resource Allocation") OR (MH "Health Resource Utilization")  16,105  

S102  (MH "Health Services Needs and Demand+")  13,803  

S103  (MH "Health Care Delivery+")  183,276  

S104  (MH "Quality of Life+") OR (MH "Quality-Adjusted Life Years")  52,692  

S105  *"Quality of Life"  67,519  

S106  *"Quality-adjusted life year*"  2,436  

S107  S70 OR S71 OR S72 OR S73 OR S74 OR S75 OR S76 OR S77 OR S78 OR S79 OR 

S80 OR S81 OR S82 OR S83 OR S84 OR S85 OR S86 OR S87 OR S88 OR S89 OR 

S90 OR S91 OR S92 OR S93 OR S94 OR S95 OR S96 OR S97 OR S98 OR S99 OR 

S100 OR S101 OR S102 OR S103 OR S104 OR S105 OR S106  

752,484  

S108  S69 AND S107  8  

S109  S69 AND S107 (Limiters - Published Date: 1996-2016; English Language; Age 

Groups: All Adult; Language: English) 

5  

 

 

 



Appendix 3.5: Search strategy for EMBASE Ovid and the results 

# Searches Results 

1 exp endoscopic echography/ 22483  

2 endosono$.tw. 3296  

3 endoscopic ultraso$.tw. 13042  

4 endoscopic-ultraso$.tw. 13042  

5 EUS.tw. 12766  

6 (echoendoscop$ or echo-endoscop$).tw. 1241  

7 
((endosono$ or endoscopic ultraso$ or endoscopic-ultraso$ or EUS) adj6 

aspiration).tw. 
3690  

8 1 or 2 or 3 or 4 or 5 or 6 or 7 30501  

9 staging.tw. 89632  

10 ((Preoperative or pre-operative) adj6 staging).tw. 5470  

11 9 or 10 89632  

12 8 and 11 3843  

13 exp adenocarcinoma/ 85749  

14 adenocarcinoma$.tw. 156037  

15 13 or 14 189413  

16 exp esophagus/ 67964  

17 Esophagogastric Junction.mp. or exp lower esophagus sphincter/ 12901  

18 (gastroesophag$ adj3 junction$).tw. 3374  

19 (gastro-esophag$ adj3 junction$).tw. 504  

20 (gastrooesophag$ adj3 junction$).tw. 67  

21 (gastro-oesophag$ adj3 junction$).tw. 591  

22 esophagogastric junction$.tw. 2190  

23 esophago-gastric junction$.tw. 347  



24 oesophagogastric junction$.tw. 288  

25 oesophago-gastric junction$.tw. 135  

26 exp stomach/ 144323  

27 16 or 17 or 18 or 19 or 20 or 21 or 22 or 23 or 24 or 25 or 26 201289  

28 15 and 27 9911  

29 Esophageal Neoplasms.mp. or exp esophagus tumor/ 65893  

30 Stomach Neoplasms.mp. or exp stomach tumor/ 124738  

31 (esophag$ adj5 neoplas$).tw. 2022  

32 (oesophag$ adj5 neoplas$).tw. 379  

33 (esophag$ adj5 cancer$).tw. 27294  

34 (oesophag$ adj5 cancer$).tw. 5437  

35 (esophag$ adj5 carcin$).tw. 19981  

36 (oesophag$ adj5 carcin$).tw. 3316  

37 (esophag$ adj5 tumo$).tw. 6873  

38 (oesophag$ adj5 tumo$).tw. 1238  

39 (esophag$ adj5 metasta$).tw. 2925  

40 (oesophag$ adj5 metasta$).tw. 377  

41 (esophag$ adj5 malig$).tw. 3481  

42 (oesophag$ adj5 malig$).tw. 858  

43 (esophag$ adj5 adenocarcinoma$).tw. 7512  

44 (oesophag$ adj5 adenocarcinoma$).tw. 1894  

45 (stomach adj5 neoplas$).tw. 875  

46 (stomach adj5 cancer$).tw. 12696  

47 (stomach adj5 carcin$).tw. 5230  

48 (stomach adj5 tumo$).tw. 4830  

49 (stomach adj5 metasta$).tw. 1404  



50 (stomach adj5 malig$).tw. 1529  

51 (stomach adj5 adenocarcinoma$).tw. 2227  

52 (gastric adj5 neoplas$).tw. 2811  

53 (gastric adj5 cancer$).tw. 65949  

54 (gastric adj5 carcin$).tw. 23647  

55 (gastric adj5 tumo$).tw. 12791  

56 (gastric adj5 metasta$).tw. 8435  

57 (gastric adj5 malig$).tw. 4484  

58 (gastric adj5 adenocarcinoma$).tw. 10114  

59 

29 or 30 or 31 or 32 or 33 or 34 or 35 or 36 or 37 or 38 or 39 or 40 or 41 or 42 

or 43 or 44 or 45 or 46 or 47 or 48 or 49 or 50 or 51 or 52 or 53 or 54 or 55 or 

56 or 57 or 58 

205633  

60 28 or 59 206828  

61 
(gut$ adj5 (neoplas$ or cancer$ or carcin$ or tumo$ or adenocarcinoma$ or 

metasta$ or malig$)).tw. 
1362  

62 
(gullet$ adj5 (neoplas$ or cancer$ or carcin$ or tumo$ or adenocarcinoma$ 

or metasta$ or malig$)).tw. 
10  

63 
(food pipe adj5 (neoplas$ or cancer$ or carcin$ or tumo$ or 

adenocarcinoma$ or metasta$ or malig$)).tw. 
0  

64 
(("upper GI" or "upper-GI") adj5 (neoplas$ or cancer$ or carcin$ or tumo$ or 

adenocarcinoma$ or metasta$ or malig$)).tw. 
670  

65 
(("upper gastrointestin$" or "upper-gastrointestin$") adj5 (neoplas$ or 

cancer$ or carcin$ or tumo$ or adenocarcinoma$ or metasta$ or malig$)).tw. 
2448  

66 
((upper digestive tract$ or upper-digestive tract$) adj5 (neoplas$ or cancer$ 

or carcin$ or tumo$ or adenocarcinoma$ or metasta$ or malig$)).tw. 
311  

67 61 or 62 or 63 or 64 or 65 or 66 4614  

68 60 or 67 209313  



69 12 and 68 1634  

70 exp economics/ 233559  

71 exp health economics/ 692434  

72 exp economic evaluation/ 242818  

73 exp "cost benefit analysis"/ 71793  

74 (cost$ adj2 (effective$ or utilit$ or consequence$ or benefit$ or minimi$)).tw. 151624  

75 exp "cost effectiveness analysis"/ 114521  

76 exp "cost utility analysis"/ 6741  

77 cost consequences analysis.mp. 68  

78 exp "cost minimization analysis"/ 2807  

79 cost minimisation analysis.mp. 235  

80 "Costs and Cost Analysis".mp. or exp "cost"/ 288134  

81 

(unit cost or unit-cost or unit-costs or unit costs or drug cost or drug costs or 

hospital costs or health-care costs or health care cost or medical cost or 

medical costs).tw. 

38072  

82 
(cost$ adj2 (efficac$ or analys$ or allocation$ or control$ or illness$ or 

affordable$ or fee$ or charge$)).tw. 
46497  

83 Models, Economic.mp. 31  

84 (decision adj1 (tree$ or analys$ or model$)).tw. 14321  

85 Markov$.tw. 20127  

86 exp pharmacoeconomics/ 179007  

87 Economics, Medical.mp. 318  

88 Economics, Hospital.mp. 20  

89 
(econom$ or cost$ or price$ or pricing or pharmacoeconomic$ or 

pharmaeconomic$ or pharmaco-economic$).tw. 
775104  

90 "Fees and Charges".mp. 61  

91 exp budget/ 22363  



92 (financ$ or fee$).tw. 617072  

93 
((value or values or valuation) adj2 (money or monetary or life or lives or 

costs or cost)).tw. 
6789  

94 Health Expenditures.mp. or exp "health care cost"/ 234299  

95 (low adj cost).mp. 37828  

96 (high adj cost).mp. 11791  

97 (health?care adj cost$).mp. 10395  

98 (cost adj estimate$).mp. 2416  

99 exp "hospital cost"/ 29609  

100 Cost Savings.mp. 14604  

101 exp "quality of life"/ 338827  

102 *"Quality of Life"/ 70024  

103 

70 or 71 or 72 or 73 or 74 or 75 or 76 or 77 or 78 or 79 or 80 or 81 or 82 or 83 

or 84 or 85 or 86 or 87 or 88 or 89 or 90 or 91 or 92 or 93 or 94 or 95 or 96 or 

97 or 98 or 99 or 100 or 101 or 102 

2143805  

104 69 and 103 124  

105 limit 104 to (english language and yr="1996 - 2016") 113  

 

 

 



Appendix 3.6: Search strategy for the Cochrane Library (databases include Cochrane 
Reviews, DARE, HTA, NHS EED, CMR, CENTRAL) and the results 
# Searches Results 

1 MeSH descriptor: [Endosonography] explode all trees 389 

2 endosono*:ti,ab,kw  (Word variations have been searched) 469 

3 "endoscopic ultraso*":ti,ab,kw  (Word variations have been searched) 376 

4 "endoscopic-ultraso*":ti,ab,kw  (Word variations have been searched) 376 

5 "EUS":ti,ab,kw  (Word variations have been searched) 355 

6 ("echoendoscop*") or ("echo-endoscop*"):ti,ab,kw  (Word variations have 

been searched) 

41 

7 ((endosono*) or ("endoscopic ultraso*") or ("endoscopic-ultraso*") or 

("EUS")) near/6 ("aspiration"):ti,ab,kw  (Word variations have been 

searched) 

154 

8 #1 or #2 or #3 or #4 or #5 or #6 or #7 768 

9 "staging":ti,ab,kw  (Word variations have been searched) 41222 

10 (("Preoperative") or ("pre-operative")) near/6 ("staging"):ti,ab,kw  (Word 

variations have been searched) 

409 

11 #9 or #10 41222 

12 #8 and #11 177 

13 MeSH descriptor: [Adenocarcinoma] explode all trees 5182 

14 adenocarcinoma*:ti,ab,kw  (Word variations have been searched) 4544 

15 #13 or #14 6949 

16 MeSH descriptor: [Esophagus] explode all trees 1193 

17 MeSH descriptor: [Esophagogastric Junction] explode all trees 364 

18 gastroesophag* near/3 junction*:ti,ab,kw  (Word variations have been 

searched) 

187 

19 gastro-esophag* near/3 junction*:ti,ab,kw  (Word variations have been 

searched) 

18 



20 gastrooesophag* near/3 junction*:ti,ab,kw  (Word variations have been 

searched) 

3 

21 gastro-oesophag* near/3 junction*:ti,ab,kw  (Word variations have been 

searched) 

49 

22 "esophagogastric junction*":ti,ab,kw  (Word variations have been 

searched) 

358 

23 "esophago-gastric junction*":ti,ab,kw  (Word variations have been 

searched) 

7 

24 "oesophagogastric junction*":ti,ab,kw  (Word variations have been 

searched) 

15 

25 "oesophago-gastric junction*":ti,ab,kw  (Word variations have been 

searched) 

10 

26 MeSH descriptor: [Stomach] explode all trees 2990 

27 #16 or #17 or #18 or #19 or #20 or #21 or #22 or #23 or #24 or #25 or #26 3921 

28 #15 and #27 258 

29 MeSH descriptor: [Esophageal Neoplasms] explode all trees 1134 

30 MeSH descriptor: [Stomach Neoplasms] explode all trees 1944 

31 esophag* near/5 neoplas*:ti,ab,kw  (Word variations have been searched) 1302 

32 oesophag* near/5 neoplas*:ti,ab,kw  (Word variations have been 

searched) 

16 

33 esophag* near/5 cancer*:ti,ab,kw  (Word variations have been searched) 1219 

34 oesophag* near/5 cancer*:ti,ab,kw  (Word variations have been searched) 337 

35 esophag* near/5 carcin*:ti,ab,kw  (Word variations have been searched) 847 

36 oesophag* near/5 carcin*:ti,ab,kw  (Word variations have been searched) 155 

37 esophag* near/5 tumo*:ti,ab,kw  (Word variations have been searched) 122 

38 oesophag* near/5 tumo*:ti,ab,kw  (Word variations have been searched) 29 

39 esophag* near/5 metasta*:ti,ab,kw  (Word variations have been searched) 92 



40 oesophag* near/5 metasta*:ti,ab,kw  (Word variations have been 

searched) 

27 

41 esophag* near/5 malig*:ti,ab,kw  (Word variations have been searched) 62 

42 oesophag* near/5 malig*:ti,ab,kw  (Word variations have been searched) 27 

43 esophag* near/5 adenocarcinoma*:ti,ab,kw  (Word variations have been 

searched) 

247 

44 oesophag* near/5 adenocarcinoma*:ti,ab,kw  (Word variations have been 

searched) 

77 

45 stomach near/5 neoplas*:ti,ab,kw  (Word variations have been searched) 2077 

46 stomach near/5 cancer*:ti,ab,kw  (Word variations have been searched) 1147 

47 stomach near/5 carcin*:ti,ab,kw  (Word variations have been searched) 189 

48 stomach near/5 tumo*:ti,ab,kw  (Word variations have been searched) 189 

49 stomach near/5 metasta*:ti,ab,kw  (Word variations have been searched) 106 

50 stomach near/5 malig*:ti,ab,kw  (Word variations have been searched) 14 

51 stomach near/5 adenocarcinoma*:ti,ab,kw  (Word variations have been 

searched) 

186 

52 gastric near/5 neoplas*:ti,ab,kw  (Word variations have been searched) 148 

53 gastric near/5 cancer*:ti,ab,kw  (Word variations have been searched) 2761 

54 gastric near/5 carcin*:ti,ab,kw  (Word variations have been searched) 480 

55 gastric near/5 tumo*:ti,ab,kw  (Word variations have been searched) 132 

56 gastric near/5 metasta*:ti,ab,kw  (Word variations have been searched) 270 

57 gastric near/5 malig*:ti,ab,kw  (Word variations have been searched) 79 

58 gastric near/5 adenocarcinoma*:ti,ab,kw  (Word variations have been 

searched) 

285 

59 #29 or #30 or #31 or #32 or #33 or #34 or #35 or #36 or #37 or #38 or #39 

or #40 or #41 or #42 or #43 or #44 or #45 or #46 or #47 or #48 or #49 or 

#50 or #51 or #52 or #53 or #54 or #55 or #56 or #57 or #58 

6272 

60 #28 or #59 6284 



61 gut* near/5 (neoplas* or cancer* or carcin* or tumo* or adenocarcinoma* 

or metasta* or malig*):ti,ab,kw  (Word variations have been searched) 

24 

62 gullet* near/5 (neoplas* or cancer* or carcin* or tumo* or 

adenocarcinoma* or metasta* or malig*):ti,ab,kw  (Word variations have 

been searched) 

3 

63 "food pipe" near/5 (neoplas* or cancer* or carcin* or tumo* or 

adenocarcinoma* or metasta* or malig*):ti,ab,kw  (Word variations have 

been searched) 

2 

64 ("upper GI" or "upper-GI") near/5 (neoplas* or cancer* or carcin* or 

tumo* or adenocarcinoma* or metasta* or malig*):ti,ab,kw  (Word 

variations have been searched) 

25 

65 ("upper gastrointestin*" or "upper-gastrointestin*") near/5 (neoplas* or 

cancer* or carcin* or tumo* or adenocarcinoma* or metasta* or 

malig*):ti,ab,kw  (Word variations have been searched) 

117 

66 ("upper digestive tract*" or "upper-digestive tract*") near/5 (neoplas* or 

cancer* or carcin* or tumo* or adenocarcinoma* or metasta* or 

malig*):ti,ab,kw  (Word variations have been searched) 

6 

67 #61 or #62 or #63 or #64 or #65 or #66  156 

68 #60 or #67 6379 

69 #12 and #68 56 

70 MeSH descriptor: [Economics] explode all trees 26554 

71 MeSH descriptor: [Health Care Economics and Organizations] explode all 

trees 

34088 

72 "Economic evaluation*":ti,ab,kw  (Word variations have been searched) 3552 

73 "health economic*":ti,ab,kw  (Word variations have been searched) 922 

74 MeSH descriptor: [Cost-Benefit Analysis] explode all trees 17715 

75 cost* near/2 (effective* or utilit* or consequence* or benefit* or 

minimi*):ti,ab,kw  (Word variations have been searched) 

29373 



76 "cost effectiveness analysis":ti,ab,kw  (Word variations have been 

searched) 

6024 

77 "cost utility analysis":ti,ab,kw  (Word variations have been searched) 998 

78 "cost consequences analysis":ti,ab,kw  (Word variations have been 

searched) 

91 

79 "cost minimisation analysis":ti,ab,kw  (Word variations have been 

searched) 

257 

80 "cost minimization analysis":ti,ab,kw  (Word variations have been 

searched) 

257 

81 MeSH descriptor: [Costs and Cost Analysis] explode all trees 24576 

82 "unit cost" or "unit-cost" or "unit-costs" or "unit costs" or "drug cost" or 

"drug costs" or "hospital costs" or "health-care costs" or "health care cost" 

or "medical cost" or "medical costs":ti,ab,kw  (Word variations have been 

searched) 

11389 

83 cost* near/2 (efficac* or analys* or allocation* or control* or illness* or 

affordable* or fee* or charge*):ti,ab,kw  (Word variations have been 

searched) 

28467 

84 MeSH descriptor: [Models, Economic] explode all trees 1987 

85 decision near/1 (tree* or analys* or model*):ti,ab,kw  (Word variations 

have been searched) 

2429 

86 Markov*:ti,ab,kw  (Word variations have been searched) 2553 

87 MeSH descriptor: [Economics, Pharmaceutical] explode all trees 243 

88 MeSH descriptor: [Economics, Medical] explode all trees 105 

89 MeSH descriptor: [Economics, Hospital] explode all trees 1731 

90 econom* or cost* or price* or pricing or pharmacoeconomic* or 

pharmaeconomic* or "pharmaco-economic*":ti,ab,kw  (Word variations 

have been searched) 

54801 

91 MeSH descriptor: [Fees and Charges] explode all trees 502 

92 MeSH descriptor: [Budgets] explode all trees 71 



93 financ* or fee*:ti,ab,kw  (Word variations have been searched) 31277 

94 (value or values or valuation) near/2 (money or monetary or life or lives or 

costs or cost):ti,ab,kw  (Word variations have been searched) 

761 

95 MeSH descriptor: [Health Expenditures] explode all trees 315 

96 low near cost:ti,ab,kw  (Word variations have been searched) 4821 

97 high near cost:ti,ab,kw  (Word variations have been searched) 3148 

98 ("healthcare" or "health-care" or "health care") near cost*:ti,ab,kw  (Word 

variations have been searched) 

8280 

99 cost near estimate*:ti,ab,kw  (Word variations have been searched) 1972 

100 MeSH descriptor: [Hospital Costs] explode all trees 1470 

101 MeSH descriptor: [Cost Savings] explode all trees 984 

102 MeSH descriptor: [Health Care Costs] explode all trees 7128 

103 MeSH descriptor: [Health Resources] explode all trees 561 

104 MeSH descriptor: [Health Services Needs and Demand] explode all trees 503 

105 MeSH descriptor: [Quality of Life] explode all trees 17758 

106 "*Quality of Life":ti,ab,kw  (Word variations have been searched) 41881 

107 MeSH descriptor: [Quality-Adjusted Life Years] explode all trees 4078 

108 "quality-adjusted life year*" or "quality adjusted life year*" or "quality-

adjusted-life-year*":ti,ab,kw  (Word variations have been searched) 

5150 

109 #70 or #71 or #72 or #73 or #74 or #75 or #76 or #77 or #78 or #79 or #80 

or #81 or #82 or #83 or #84 or #85 or #86 or #87 or #88 or #89 or #90 or 

#91 or #92 or #93 or #94 or #95 or #96 or #97 or #98 or #99 or #100 or 

#101 or #102 or #103 or #104 or #105 or #106 or #107 or #108  

123635 

110 #69 and #109 6 

111 #69 and #109 Publication Year from 1996 to 2016 6 

 

 



Appendix 3.7: Search strategy for Web of Science Core Collection and the results 

# Searches Results 

1 TS=((endosono* OR endoscopic ultraso* OR endoscopic-ultraso* OR 

EUS OR echoendoscop* OR "echo-endoscop*") AND (staging)) 

3,683 

2 TS=((endosono* OR endoscopic ultraso* OR endoscopic-ultraso* OR 

EUS OR echoendoscop* OR "echo-endoscop*") AND (Preoperative 

NEAR/6 staging)) 

636 

3 TS=((endosono* OR endoscopic ultraso* OR endoscopic-ultraso* OR 

EUS OR echoendoscop* OR "echo-endoscop*") AND ("Pre-operative" 

NEAR/6 staging)) 

46 

4 TS=(((endosono* OR "endoscopic ultraso*" OR "endoscopic-ultraso*" 

OR EUS) NEAR/6 aspiration) AND staging) 

602 

5 TS=(((endosono* OR "endoscopic ultraso*" OR "endoscopic-ultraso*" 

OR EUS) NEAR/6 aspiration) AND (Preoperative NEAR/6 staging)) 

71 

6 TS=(((endosono* OR "endoscopic ultraso*" OR "endoscopic-ultraso*" 

OR EUS) NEAR/6 aspiration) AND ("Pre-operative" NEAR/6 staging)) 

4 

7 OR/1-6 3,683 

8 TS=(((gastroesophag* NEAR/3 junction*) OR ("gastro-esophag*" 

NEAR/3 junction*) OR (gastrooesophag* NEAR/3 junction*) OR 

("gastro-oesophag*" NEAR/3 junction*) OR "esophagogastric 

junction*" OR "esophago-gastric junction*" OR "oesophagogastric 

junction*" OR "oesophago-gastric junction*" OR "Esophagogastric 

Junction" OR "Esophagus" OR "Stomach") AND adenocarcinoma*) 

14,254 



9 TS=("Esophageal Neoplasms" OR "Stomach Neoplasms" OR 

("esophag*" Near/5 "neoplas*") OR ("oesophag*" NEAR/5 

"neoplas*") OR ("esophag*" NEAR/5 "cancer*") OR ("oesophag*" 

NEAR/5 "cancer*") OR ("esophag*" NEAR/5 "carcin*") OR 

("oesophag*" NEAR/5 "carcin*") OR ("esophag*" NEAR/5 "tumo*") 

OR ("oesophag*" NEAR/5 "tumo*") OR ("esophag*" NEAR/5 

"metasta*") OR ("oesophag*" NEAR/5 "metasta*") OR ("esophag*" 

NEAR/5 "malig*") OR ("oesophag*" NEAR/5 "malig*") OR 

("esophag*" NEAR/5 "adenocarcinoma*") OR ("oesophag*" NEAR/5 

"adenocarcinoma*") OR (stomach NEAR/5 neoplas*) OR (stomach 

NEAR/5 cancer*) OR (stomach NEAR/5 carcin*) OR (stomach NEAR/5 

tumo*) OR (stomach NEAR/5 metasta*) OR (stomach NEAR/5 malig*) 

OR (stomach NEAR/5 adenocarcinoma*) OR (gastric NEAR/5 

neoplas*) OR (gastric NEAR/5 cancer*) OR (gastric NEAR/5 carcin*) 

OR (gastric NEAR/5 tumo*) OR (gastric NEAR/5 metasta*) OR (gastric 

NEAR/5 malig*) OR (gastric NEAR/5 adenocarcinoma*)) 

124,890 

10 TS=((gut* OR gullet* OR "food pipe" OR "upper GI" OR "upper-GI" OR 

"upper gastrointestin*" OR "upper-gastrointestin*" OR "upper 

digestive tract*" OR "upper-digestive tract*") NEAR/5 (neoplas* OR 

cancer* OR carcin* OR tumo* OR adenocarcinoma* OR metasta* OR 

malig*)) 

4,089 

11 OR/8-10 128,996 

12 WC=Economics 648,798 

13 TS=("health economics" OR "Economic evaluation" OR "Cost-Benefit 

Analysis" OR "Cost-effectiveness analysis" OR "cost-utility analysis" 

OR "cost-consequences analysis" OR "cost-minimi?ation analysis" OR 

(cost* NEAR/2 (effective* OR utilit* OR consequence* OR benefit* 

OR minimi*))) 

244,724 



14 TS=(Cost$ OR "Cost Analys*" OR "unit cost" OR "unit-cost" OR "unit-

costs" OR "unit costs" OR "drug cost" OR "drug costs" OR "hospital 

costs" OR "health-care costs" OR "health care cost" OR "medical cost" 

OR "medical costs" OR (cost$ NEAR/2 (efficac* OR analys* OR 

allocation* OR control* OR illness* OR affordable* OR fee* OR 

charge*))) 

1,057,473 

15 TS=("Economic Model*" OR (decision NEAR/1 (tree* OR analys* OR 

model*)) OR Markov* OR econom* OR cost* OR price* OR pricing OR 

pharmacoeconomic* OR pharmaeconomic* OR pharmaco-economic* 

OR financ* OR fee* OR ((value or values or valuation) NEAR/2 (money 

or monetary or life or lives or costs or cost)) OR (low NEAR cost) OR 

(high NEAR cost) OR ("health-care" NEAR cost*) OR (cost NEAR 

estimate*) OR "Hospital Cost*" OR "Cost Saving*") 

3,110,411 

16 TS=("Quality of Life" OR "Quality-Adjusted Life Year$" OR "QALY$") 
 
246,323  

 

17 OR/12-16 
 
3,672,335  

 

18 AND/7,11,17 83 

19 Limit #18 to articles, meeting abstracts, proceedings papers and 

correction; English language and year=“1996-2016” 

54 

 

 



Appendix 3.8: Data extraction form for economic studies (1a) – Economic evaluations 

DATA EXTRACTION FORM (1a)- Economic Evaluations 

Study ID  

Reviewer  

Checked by  

Study Title  

Author(s)  

Publication year  

Aims/objectives/hypotheses  

Study perspective  

Price year/currency (unit)  

METHOD 

Type of study  

Randomised? Yes No If yes, 

allocation 

type: 

 

No. of groups  

No. in each group  

No. completed in each 

group/response rate 

 

Data collection time points  

Measure of benefit (QALY, 

life years gained etc) 

 

PARTICIPANTS 

Types of participants  

Age range  



Inclusion criteria  

Exclusion criteria  

Ethnicity/country  

Baseline characteristics  

INTERVENTIONS 

Type of intervention(s)  

Content of intervention(s)  

Duration of intervention(s)  

Control intervention(s)  

Follow-up period  

 

Outcome and measure(s) 1  

Outcome and measure(s) 2  

Outcome and measure(s) 3  

Outcome and measure(s) 4  

Outcome and measure(s) 5  

Outcome and measure(s) 6  

Outcome and measure(s) 7  

Outcome and measure(s) 8  

Outcome and measure(s) 9  

Outcome and measure(s) 10  

 

Summary of findings 

(including statistical 

significance, significance 

 



 

level, confidence intervals 

and effect size) 

Cost per QALY/Incremental 

Cost-Effectiveness Ratio 

(ICER) conclusions 

 

Inflated cost per QALY/ICER 

to 2016 price year 

 

CONCLUSIONS 

Study conclusions  



Appendix 3.9: Data extraction form for economic studies (1b) – Other economic studies 

DATA EXTRACTION FORM (1b) – Other Economic Data 

Study ID  

Reviewer  

Checked by  

Study Title  

Author(s)  

Publication year  

Aims/objectives/hypotheses  

Study perspective  

Price year/currency (unit) 

(if applicable) 

 

METHOD 

Type of study/methodology   

Randomised? Yes No If yes, 

allocation 

type: 

 

No. of groups  

No. in each group  

No. completed in each group/response 

rate 

 

Data collection time points  

PARTICIPANTS 

Types of participants 

(e.g. adult diagnosed with GOC stage 1 

or 2 or 3) 

 

Age range  



 

 

Inclusion criteria  

Exclusion criteria  

Ethnicity/country  

Type of diagnostic tool  

Follow-up period  

Outcomes and measures  

Outcomes and measures  

Outcomes and measures  

Outcomes and measures  

INTERVENTIONS 

Type of intervention(s)  

Content of intervention(s)  

Duration of intervention(s)  

Control intervention(s)  

Follow-up period  

SUMMARY OF RESULTS 

Summary of findings  

Identified economic 

costs/consequences/outcomes/benefits 

and implications 

 

Converted cost into pound sterling (£) 

and inflated it to 2016 price year 

(current price year) 

 

CONCLUSIONS 

Study conclusions  



Appendix 3.10: Data extraction form for economic modelling studies 

DATA EXTRACTION FORM (2) – Economic Modelling 

Study ID (i.e. paper no.)  

Reviewer  

Checked by  

Study Title  

Author(s)  

Publication year  

Aims/objectives/hypotheses  

METHOD 

Structure 

Statement of decision 

problem/objective of the 

evaluation and of the model 

 

Statement of 

scope/perspective of the 

model 

 

Rationale for structure of 

the model 

 

Structural assumptions  

Strategies/comparators  

Model type  

Time horizon  

Disease states/pathways  

Cycle length  

Summary of structure 

section 

 



Data 

Data identification  

Data modelling  

Baseline data  

Treatment effects  

Costs, source for all costs 

and discount rates 

 

Quality of life weights 

(utilities) 

 

Data incorporation  

Assessment of uncertainty  

Methodological uncertainty  

Structural uncertainties  

Heterogeneity  

Parameter uncertainty  

Summary of data section  

Consistency 

Internal consistency  

External consistency  

Summary of consistency 

section 

 

PARTICIPANTS 

Types of participants  

Age range  



Inclusion criteria  

Exclusion criteria  

Ethnicity/country  

OUTCOMES 

Outcome and measure(s) 1  

Outcome and measure(s) 2  

Outcome and measure(s) 3  

Outcome and measure(s) 4  

Outcome and measure(s) 5  

Outcome and measure(s) 6  

Outcome and measure(s) 7  

Outcome and measure(s) 8  

Outcome and measure(s) 9  

Outcome and measure(s) 10  

SUMMARY OF RESULTS 

Summary of findings 

(including statistical 

significance, significance 

level, confidence intervals 

and effect size) 

 

Cost per QALY/Incremental 

Cost-Effectiveness Ratio 

(ICER) conclusions 

 

Inflated cost per QALY/ICER 

to 2015 price year (current 

price year) 

 

CONCLUSIONS 



 

 

Study conclusions  



Appendix 3.11: Data extraction results of Shumaker et al (2002) 

DATA EXTRACTION FORM 3 – Other Economic Data 

Study ID 14 

Reviewer STY (Primary reviewer) 

Checked by NB (Second reviewer) 

Study Title Potential impact of preoperative EUS on oesophageal 

cancer management and cost 

Author(s) Shumaker DA, de Garmo P and Faigel DO. 

Publication year 2002 

Aims/objectives/hypotheses Aim – To determine the relative proportions of each 

oesophageal cancer stage in a group of patients referred 

for preoperative staging with EUS.  Proportion of patients 

with EUS stage 1 and 4 tumours that would not be treated 

with combined modality therapy was determined and 

potential cost impact estimated. 

Hypothesis – Preoperative staging of oesophageal cancer 

with EUS identifies a significant proportion of patients with 

Stage 1 and 4 disease that would not be treated with 

combined modality therapy (chemoradiotherapy plus 

surgery), resulting in a potential cost savings. 

Study perspective Not stated specifically, the authors described US Medicare 

data. 

Price year/currency (unit) 

(if applicable) 

2000 price year; US dollars ($) 

METHOD 

Type of study/methodology Cost analysis using a retrospective review of a large 

multicentre national computerised endoscopic database – 

The potential cost savings of performing preoperative EUS 

in oesophageal cancer patients. 



Randomised? Yes No If yes, allocation 

type: 

 

No. of groups NA. 

Data from three study sites (the Phoenix VAMC, Portland 

Oregon and Richmond Virginia) were included with a total 

of 180 data pertaining to EUS examinations for 

oesophageal cancer were reviewed and analysed.  

No. in each group NA. 

No. of EUS examinations in each included site –  

Of the 180 examinations reviewed, 10 cases (6%) were 

from Phoenix VAMC, 135 cases (75%) from Portland, 

Oregon and 35 (19%) from Richmond, Virginia. 

No. completed in each 

group/response rate 

NA 

Data collection time points Not stated. Data between Feb 4, 1998 and October 31, 

2000 were extracted and entered into the database for 

review and analysis. 

PARTICIPANTS 

Types of participants 

(e.g. adult diagnosed with 

GOC stage 1 or 2 or 3) 

Patients with oesophageal cancer received preoperative 

staging with EUS. Sample size = 180 

Age range Of the 180 patients referred for preoperative staging of 

oesophageal cancer by EUS, 82% were men and mean age 

was 66.5 years. 

Inclusion criteria Complete staging data of which preoperative staging of 

oesophageal tumours by EUS performed to patients with 

oesophageal cancer were included for review and analysis 

(n=180). 

Exclusion criteria Data were excluded for incomplete staging information for 

more than two thirds of examinations or no staging 

information was recorded in the database. 



Ethnicity/country USA, ethnicity not stated. 

Type of diagnostic tool Preoperative EUS staging for oesophageal cancer  

Follow-up period Not stated 

Outcomes and measures Proportion of stage 1 and 4 tumours 

Outcomes and measures Cost saving associated with avoidable treatment following 

EUS staging 

Outcomes and measures  

Outcomes and measures  

INTERVENTIONS 

Type of intervention(s) NA, because it is a retrospective review of a large national 

endoscopic database. 

Content of intervention(s) NA 

Duration of intervention(s) NA 

Control intervention(s) NA 

Follow-up period NA 

SUMMARY OF RESULTS 

Summary of findings For every 100 patients staged before surgery with EUS 

(cost $63,420), 14 (14%) patients with Stage I disease 

would be spared neoadjuvant chemoradiotherapy (saving 

$122,192) and 12 (12%) patients with Stage IV cancer 

would be spared surgery (saving $285,600) for an average 

cost savings of $3443 per patient ([$122,192 + $285,600 − 

$63,420]/100). 

And, sensitivity analysis shows that preoperative staging of 

oesophageal cancer with EUS results in cost savings across 

a wide range of clinical scenarios [1) EUS saves the cost of 

surgery and chemoradiotherapy in 1 out of 20 patients, 2) 

EUS saves these costs in 1 out of 10 patients (which is 

similar to the results in the present study) and 3) EUS saves 

these costs in 1 out of 5 patients] and cost assumptions 



(cost of EUS and cost of combined chemoradiotherapy & 

esophagectomy). 

Identified economic 

costs/consequences/outcome

s/benefits and implications 

See above in ‘Summary of findings’ section. 

Converted cost into pound 

sterling (£) and inflated it to 

2016 price year (current price 

year) 

For every 100 patients staged before surgery with EUS 

(cost $63,420) – This equals to £43,140 (2000 price year) 

which this is converted using the currency exchange rates 

(i.e. the currency units per SDR for September 2000) from 

International Monetary Fund (IMF, 2017). This £43,140 

(2000 price year) is then inflated using Hospital and 

Community Health Services (HCHS) Pay and Prices Index 

(Curtis and Netten, 2005; Curtis and Burns, 2015; Curtis 

and Burns, 2016; Curtis and Burns, 2017) to £69,750 (2017 

price year). 

Saving $122,192 – This equals to £83,118 (2000 price year) 

which this is converted using the currency exchange rates 

(i.e. the currency units per SDR for September 2000) from 

International Monetary Fund (IMF, 2017). This £83,118 

(2000 price year) is then inflated using Hospital and 

Community Health Services (HCHS) Pay and Prices Index 

(Curtis and Netten, 2005; Curtis and Burns, 2015; Curtis 

and Burns, 2016; Curtis and Burns, 2017) to £134,388 

(2017 price year). 

Saving $285,600 – This equals to £194,272 (2000 price 

year) which this is converted using the currency exchange 

rates (i.e. the currency units per SDR for September 2000) 

from International Monetary Fund (IMF, 2017). This 

£194,272 (2000 price year) is then inflated using Hospital 

and Community Health Services (HCHS) Pay and Prices 



Index (Curtis and Netten, 2005; Curtis and Burns, 2015; 

Curtis and Burns, 2016; Curtis and Burns, 2017) to 

£314,105 (2017 price year). 

$3,443 per patient – This equals to £2,342 (2000 price 

year) which this is converted using the currency exchange 

rates (i.e. the currency units per SDR for September 2000) 

from International Monetary Fund (IMF, 2017). This £2,342 

(2000 price year) is then inflated using Hospital and 

Community Health Services (HCHS) Pay and Prices Index 

(Curtis and Netten, 2005; Curtis and Burns, 2015; Curtis 

and Burns, 2016; Curtis and Burns, 2017) to £3,786 (2017 

price year). 

Inflation indices: 

1999/2000 – 188.5; 2004/05 – 234.2 (Curtis and Netten, 

2005) 

2004/05 – 232.3; 2005/06 – 240.9 (Curtis and Burns, 2015) 

2005/06 – 240.9; 2015/16 – 297.0 (Curtis and Burns, 2016) 

2015/16 – 297.0; 2016/17 – 302.3 (Curtis and Burns, 2017) 

References: 

International Monetary Fund (IMF). Currency unit per SDR 

for September 2000. Available from: 

https://www.imf.org/external/np/fin/data/rms_mth.aspx?

SelectDate=2000-09-30&reportType=CVSDR (Accessed 

October 2017). 

https://www.imf.org/external/np/fin/data/rms_mth.aspx?SelectDate=2000-09-30&reportType=CVSDR
https://www.imf.org/external/np/fin/data/rms_mth.aspx?SelectDate=2000-09-30&reportType=CVSDR


 

 

 

Curtis L and Netten A. Unit costs of health and social care 

2005. Personal Social Services Research Unit: University of 

Kent, 2005. Available from: 

http://www.pssru.ac.uk/pdf/uc/uc2005/uc2005.pdf 

(Accessed October 2017). 

Curtis L and Burns A. Unit costs of health and social care 

2015. Personal Social Services Research Unit: University of 

Kent, 2015. Available from: 

http://www.pssru.ac.uk/project-pages/unit-costs/2015/ 

(Accessed October 2017). 

Curtis L and Burns A. Unit costs of health and social care 

2016. Personal Social Services Research Unit: University of 

Kent, 2016. Available from: 

http://www.pssru.ac.uk/project-pages/unit-costs/2016/ 

(Accessed October 2017). 

Curtis, Lesley A. and Burns, Amanda. Unit Costs of Health 

and Social Care 2017. Personal Social Services Research 

Unit: University of Kent, 2017. Available from: 

https://doi.org/10.22024/UniKent/01.02/65559 (Accessed 

February 2018) 

 

CONCLUSIONS 

Study conclusions Preoperative staging of oesophageal cancer with EUS can 

facilitate cost savings by reducing the need for additional 

treatments in stage 1 and 4 oesophageal cancer (a 

significant proportion of patients – 26% in this series). 

http://www.pssru.ac.uk/pdf/uc/uc2005/uc2005.pdf
http://www.pssru.ac.uk/project-pages/unit-costs/2015/
http://www.pssru.ac.uk/project-pages/unit-costs/2016/
https://doi.org/10.22024/UniKent/01.02/65559


Appendix 3.12: Data extraction results of Chang et al (2003) 

DATA EXTRACTION FORM 3 – Other Economic Data 

Study ID 1 

Reviewer STY (Primary reviewer) 

Checked by NB (Second reviewer) 

Study Title Impact of Endoscopic Ultrasound Combined with Fine-

Needle Aspiration Biopsy in the Management of 

Oesophageal Cancer 

Author(s) Chang KJ, Soetikno RM, Bastas D, Tu C and Nguyen PT 

Publication year 2003 

Aims/objectives/hypotheses Aim – To determine the impact of EUS in combination with 

FNA on patients’ choice of therapy and on the cost of care. 

Objective – (1). To investigate the role of EUS in 

combination with FNA in guiding the choice of therapy 

made by patients who had oesophageal cancer who 

otherwise were surgical candidates; (2). To explore 

whether or not the use of EUS decreased the cost of care 

for these patients. 

Hypothesis – It was hypothesized that the EUS staging 

results influence patients’ choice of therapy, and that this 

influence on decision-making decreases the cost of care. 

Study perspective Not stated specifically – It’s a US study but did not state 

specifically as to which perspective the cost analysis took 

from.  

Price year/currency (unit) 

(if applicable) 

Price year – The authors did not state specifically. The 

authors described their cost analyses were based on the 

published direct costs of endosonography-guided 

aspiration biopsy and thoracotomy published in year 1997 

(Gress et al, 1997); Currency – US dollars (USD$) 

METHOD 



Type of study/methodology Cost analysis alongside prospective case series. 

Patient Selection – All patients with a diagnosis of 

oesophageal cancer (squamous-cell carcinoma or 

adenocarcinoma) who were referred to the University of 

California’s Irvine Medical Center for local staging using 

EUS between August 1993 and August 1997. These 

patients were all being considered for surgical resection 

and had undergone standard evaluation, including 

computed tomography (CT) which showed no evidence of 

distant metastases.  

Patient Follow-up – All patients were informed of their EUS 

staging results. The overall staging was determined 

according to the TNM classification. The referring 

physicians saw patients within 2 weeks after completion of 

EUS. Patients decided in consultation with their referring 

physicians whether or not to undergo surgery. All surgical 

pathology reports were obtained for the patients who did 

undergo surgery. In all of the patients, the clinical status 

was periodically followed via phone calls to the patients 

and to the referring physicians. 

Randomised? Yes No If yes, allocation 

type: 

 

No. of groups NA 

No. in each group NA. 

Data of 60 consecutive patients with oesophageal cancer 

who were referred to the University of California’s Irvine 

Medical Center for preoperative EUS staging were used in 

the cost analyses. 

No. completed in each 

group/response rate 

NA 



Data collection time points Average follow-up period = 17 months. Time points not 

explicitly defined. 

PARTICIPANTS 

Types of participants 

(e.g. adult diagnosed with 

GOC stage 1 or 2 or 3) 

Patients diagnosed with oesophageal cancer (squamous-

cell or adenocarcinoma) who were referred to the 

University of California’s Irvine Medical Center for 

preoperative EUS staging between August 1993 and August 

1997. These patients were all being considered for surgical 

resection and had undergone standard evaluation 

including CT which showed no evidence of distant 

metastases. 

Age range Of the 60 consecutive patients referred for preoperative 

EUS staging of oesophageal cancer, 39 were men, 21 were 

women and mean age was 68±10 years. 

Inclusion criteria All patients referred for preoperative EUS staging of 

oesophageal cancer.  Diagnosed with oesophageal cancer 

(squamous-cell or adeno) referred for EUS staging, having 

already undergone CT and considered for surgical 

resection. No evidence of distant metastases. 

Exclusion criteria Not specified. 

Ethnicity/country USA; Ethnicity not stated. 

Type of diagnostic tool EUS: Radial scanning  or linear scanning 

EUS-guided FNA: linear-array echo endoscope  

Follow-up period Average of 17 months (range 1-51 months). 

Outcomes and measures No. of patients choosing not to undergo thoracotomy 

following EUS findings. Potential cost savings of performing 

preoperative EUS staging of oesophageal cancer. 

Outcomes and measures  

Outcomes and measures  

Outcomes and measures  



INTERVENTIONS 

Type of intervention(s) NA, because it is a cost analysis study alongside 

prospective case series. 

Content of intervention(s) NA 

Duration of intervention(s) NA 

Control intervention(s) NA 

Follow-up period NA, based on the data used in the cost analyses, the length 

of follow-up was, on average, 17 months (range 1-51 

months). 

SUMMARY OF RESULTS 

Summary of findings Patients’ medical decisions on whether to undergo medical 

therapy or surgical treatment correlated significantly 

(p=0.0051) with the results of their EUS staging, but not 

with age, sex, or referring physicians (surgeons vs. non-

surgeons). 

EUS-guided therapy potentially decreased the cost of care 

by USD$740,424 (USD$12,340/patient) due to reduced 

number of thoracotomies undertaken (patient choice). 

Identified economic 

costs/consequences/outcome

s/benefits and implications 

See above in ‘Summary of findings’ section. 

Converted cost into pound 

sterling (£) and inflated it to 

2016 price year (current price 

year) 

EUS-guided therapy potentially decreased the cost of care 

by USD$740,424 (USD$12,340/patient) – This equals to 

£442,415 (£7,373/patient) (2003 price year) which this is 

converted using the currency exchange rates (i.e. the 

currency units per SDR for September 2003) from 

International Monetary Fund (IMF, 2017). This £442,415 

(£7,373/patient) (2003 price year) is then inflated using 

Hospital and Community Health Services (HCHS) Pay and 

Prices Index (Curtis and Netten, 2005; Curtis and Burns, 



2015; Curtis and Burns, 2016; Curtis and Burns, 2017) to 

£630,664 (£10,510/patient) (2017 price year). 

Inflation indices: 

1996/97 – 170.6; 2004/05 – 234.2 (Curtis and Netten, 

2005) 

2002/03 – 213.8; 2004/05 – 234.2 (Curtis and Netten, 

2005) 

2004/05 – 232.3; 2005/06 – 240.9 (Curtis and Burns, 2015) 

2005/06 – 240.9; 2015/16 – 297.0 (Curtis and Burns, 2016) 

2015/16 – 297.0; 2016/17 – 302.3 (Curtis and Burns, 2017) 
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CONCLUSIONS 

Study conclusions Patients’ decisions on whether to undergo medical or 

surgical treatment correlated significantly with their overall 

tumour staging, suggesting that the information provided 

by EUS played a significant role in patients’ decision-

making. EUS-guided therapy potentially reduces the cost of 

managing patients with oesophageal cancer by 

USD$12,340 per patient due to reduced number of 

thoracotomies undertaken (patient choice). 
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Appendix 3.13: Data extraction results of Russell et al (2013) 

DATA EXTRACTION FORM 1- Economic Evaluations 

Study ID 13 

Reviewer STY (Primary reviewer) 

Checked by NB (Second reviewer) 

Study Title Cancer of Oesophagus or Gastricus – New Assessment of 

Technology of Endosonography (COGNATE): report of 

pragmatic randomised trial  

Author(s) Russell IT, Edwards RT, Gliddon AE, Ingledew DK, Russell D, 

Whitaker R, Yeo ST, Attwood SE, Barr H, Nanthakumaran S 

and Park KGM 

Publication year 2013 

Aims/objectives/hypotheses Examine whether the addition of EUS to usual staging uses 

resources cost-effectively 

Study perspective NHS perspective,  focusing on health-care resources used by 

participants including investigation, treatment and palliation, 

and other elements of secondary and pharmaceutical care 

Price year/currency (unit) Price year 2008; Currency – Pounds sterling (£) 

METHOD 

Type of study Cost-effectiveness  

Randomised? Yes No If yes, 

allocation type: 

Stratified by centre and 

tumour location, equal 

proportions EUS and not [EUS 

group (EUS +  standard staging 

algorithm) versus non-EUS 

group (standard staging 

algorithm)]. 

No. of groups Two – EUS and no EUS 

No. in each group 223 patients in total were randomised  EUS (n = 111); No 

EUS (n = 112). 



No. completed in each 

group/response rate 

Of 223 randomised patients, 213 yielded enough data for 

primary analysis  EUS (n = 107); No EUS (n = 106). 

Data collection time points EQ-5D data was collected at discharge from hospital after 

initial treatment (Baseline) and at follow-up clinics after 1, 3, 

6, 12, 18, 24 and 36 months post baseline. 

 

Use of NHS resources by participants was recorded 

throughout the period of the trial (54 months) by the local 

co-ordinator at each trial site using an electronic database. 

Measure of benefit (QALY, 

life years gained etc) 

QALY, survival, quality of life (generic and cancer specific), 

health care resource use 

PARTICIPANTS 

Types of participants Patients with proven cancer of the oesophagus, stomach or 

gastro-oesophageal junction; had not started treatment. 

Age range All adults, age not specifically stated but analysis showed 

sample has an average age of 64.4  

Inclusion criteria To be eligible for the trial, patients had to be medically fit for 

both surgery (even if not planned) and chemoradiotherapy, 

free of metastatic disease and had not started treatment. 

Both their ASA (American Society of Anesthesiologists) 

grading and their WHO performance status had to be 1 or 2 

(as shown in Figure 1). Following initial staging, clinicians 

could exclude patients from the trial for clinical reasons. 

Exclusion criteria a. Patients of WHO performance status 3 or 4 or medically 

unsuitable for either surgery or chemotherapy were 

excluded. 

b. Patients found to have metastatic liver disease were 

excluded. 

c. Patients who had evidence of metastases or then had 

plans for palliative treatment or were then known to be 

medically unfit for surgery were excluded. 



 

Ethnicity/country UK, ethnicity not stated 

Baseline characteristics Well documented, see demographics tables on page 34 –  

Gender: Male (n=165, 77%) in the overall 213 patients, with 

n=83 (78%) in intervention group and n=82 (77%) in control 

group.  

Age: Mean age is 64.4 year-old for the overall 213 patients 

(mean age of 64.4 Intervention group, 64.3 control group). 

For further baseline characteristics details, see Table 9 

entitled “Demographic and baseline data by allocated group 

for 213 participants in main analyses” on page 34 of the 

COGNATE HTA report. 

INTERVENTIONS 

Type of intervention(s) Patients randomised to intervention group received EUS 

scan in addition to conventional (standard) staging 

investigations within the staging process – All patients with 

gastro-oesophageal cancer received standard staging 

algorithms, after which the relevant multidisciplinary team 

(MDT) chose a provisional management plan from: 

endoscopic mucosal resection (EMR); immediate surgery; 

surgery after neo-adjuvant chemotherapy; and 

chemotherapy and radiotherapy. In principle patients 

randomised to the intervention group then received EUS, 

while those randomised to the control group continued with 

their agreed management plan. 

Content of intervention(s) 1. All patients should receive biochemistry, haematology, 

pulmonary function tests and cardiac assessment, not least 

to exclude patients whose World Health Organization (WHO) 

status is 3 or 4, or who are medically unsuitable for either 

surgery or chemotherapy. 



2. Patients who are medically fit for surgery without 

evidence of metastases should undergo CT following an 

agreed protocol using spiral scanner and intravenous 

contrast. 

3. Patients with any suspicion of peritoneal disease should 

undergo laparoscopy as the best means of detecting 

peritoneal tumour deposits. 

4. Fit patients with localised tumours and no 

contraindications were eligible for randomisation to EUS 

(intervention group) or not (control group). 

 

Those randomised to the control group continued with their 

agreed management plan (see above). 

Those randomised to the intervention group (EUS group), 

the final choice of treatment followed the EUS scan. 

 

The authors explained what EUS is – “Endoscopic ultrasound 

(EUS; or endosonography) is a medical procedure performed 

by gastroenterologists, radiologists or surgeons with 

specialised training. Endosonography combines endoscopy – 

the insertion of a probe into the upper gastrointestinal tract 

– with ultrasonography. It places a high-frequency 

ultrasound probe mounted on the end of the endoscope in 

direct contact with oesophageal or gastric tumours. This 

provides good images of the structures of the bowel wall and 

local lymph nodes, but is less good at identifying distant 

metastases. To patients it feels very similar to normal 

endoscopy, unless it includes ultrasound-guided biopsy of 

deeper structures. Although biopsy may increase risk, the 

basic procedure is no more risky than an endoscopy.” 



Duration of intervention(s) The duration of intervention is not specified specifically but 

it explained that eligible and medically fit patients 

randomised to intervention group received EUS scan 

following their initial (standard/conventional) staging 

investigations. 

Control intervention(s) Patient in the control group received conventional staging 

investigations where appropriate i.e. biochemistry, 

haematology, pulmonary function tests and cardiac 

assessment, CT scan using spiral scanner and intravenous 

contrast, and laparoscopy. 

 

Those randomised to the control group continued with their 

agreed management plan (i.e. the choice of treatment 

depended on the results of the completed initial staging 

investigations, revisited if necessary). 

 

At the end of staging, with or without EUS, MDTs assigned 

patients to one of three treatment options. Patients with: 

1. tumours that were adjudged to be mucosal underwent 

EMR with or without argon-beam ablation of the 

surrounding mucosa. 

2. tumours that were adjudged to be resectable underwent 

surgery with or without neo-adjuvant chemotherapy, 

typically with cisplatin and 5FU. 

3. advanced localised disease, for which complete resection 

was adjudged to be impossible, received multimodal 

treatment, possibly including palliative surgery for gastric 

cancers. 

 



Follow-up period Follow-up period was 54 months or until death, whichever 

comes first; Main analyses of the study including health 

economic analysis used 48 months. 

OUTCOMES 

Outcome and measure(s) 1 Outcome – QALYs (Measurement of effectiveness) 

Measures – Health related quality of life measure using EQ-

5D-3L tool. 

Outcome and measure(s) 2 Outcome – Healthcare resource use and cost (Measurement 

of costs) 

Measures – The local co-ordinators at each of the study sites 

uses an electronic database to record the main uses of NHS 

healthcare resources by trial patients throughout the study 

period. 

 

Outcome and measure(s) 3  

Outcome and measure(s) 4  

Outcome and measure(s) 5  

Outcome and measure(s) 6  

Outcome and measure(s) 7  

Outcome and measure(s) 8  

Outcome and measure(s) 9  

Outcome and measure(s) 10  

SUMMARY OF RESULTS 

Summary of findings 

(including statistical 

significance, significance 

level, confidence intervals 

and effect size) 

EUS reduced net use of health-care resources by £2,860 

(95% ‘bootstrapped’ CI from –£2200 to £8000). Combining 

the estimated benefits and savings shows that EUS is likely to 

be cost-effective, with 96.6% probability of achieving the 

National Institute for Health and Care Excellence (NICE) 

criterion of costing less than £20,000 to gain a QALY.  

 



EUS yielded an increase of 72 days in estimated mean 

quality-adjusted survival [i.e. 0.1969 QALYs (bootstrapped 

95%CI -0.0640 to 0.4575)] – from 1.1647 QALYs (SD 0.9756) 

in the control group to 1.3616 QALYs (SD 0.9989) in the 

intervention group.  

The benefits of EUS were significantly greater for those with 

poor initial quality of life, but did not differ between centres. 

Those with poor initial quality of life had a much higher 

mean QALY gain (0.3067) than those with better initial 

quality of life (0.0183) but a smaller cost saving (£1918 vs 

£4259). Combining these effectiveness and cost findings by 

bootstrapping, EUS in participants with lower self-reported 

HRQoL at baseline has much higher probability of being cost-

effective at NICE thresholds of £20,000 and £30,000 per 

QALY (97.1% and 97.9% respectively) than healthier 

participants (76.6% and 72.5% respectively). 

Cost per QALY/Incremental 

Cost-Effectiveness Ratio 

(ICER) conclusions 

More effect and less cost: cost per QALY not calculated.   

EUS reduced net use of health-care resources by £2,860 and 

had an increase of 0.1969 in estimated mean QALYs – 

Combining these estimated benefits and savings yields 

probability of 96.6% that EUS is cost-effective in the sense of 

achieving the NICE criterion of costing less than £20,000 to 

gain a QALY. 

 

Inflated cost per QALY/ICER 

to 2016 price year 

EUS saves £2,860 (2008 price year) – This equal to £3,364 

(2017 price year) which £2,860 is inflated using Hospital and 

Community Health Services (HCHS) Pay and Prices Index 

(Curtis and Burns, 2017). 

Inflation indices: 



 

 

 

2007/08 – 257.0; 2015/16 – 297.0 (Curtis and Burns, 2016) 

2015/16 – 297.0; 2016/17 – 302.3 (Curtis and Burns, 2017) 

Reference: 

Curtis L and Burns A. Unit costs of health and social care 

2016. Personal Social Services Research Unit: University of 

Kent, 2016. Available from: http://www.pssru.ac.uk/project-

pages/unit-costs/2016/ (Accessed October 2017). 

Curtis, Lesley A. and Burns, Amanda. Unit Costs of Health 

and Social Care 2017. Personal Social Services Research Unit: 

University of Kent, 2017. Available from: 

https://doi.org/10.22024/UniKent/01.02/65559 (Accessed 

February 2018). 

 

CONCLUSIONS 

Study conclusions EUS achieved significant improvements in survival (121 days) 

and quality-adjusted survival (i.e. QALY) (66 days); a 

substantial, although non-significant, net saving of £2,860 

per patient; and combining these quality-adjusted survival 

and economic findings, EUS is probably cost-effective (with 

96.6% probability of being cost effective by NICE criteria 

(£20,000 to £30,000 threshold)). 

http://www.pssru.ac.uk/project-pages/unit-costs/2016/
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Appendix 3.14: Data extraction results of Hadzijahic et al (2000) 

DATA EXTRACTION FORM 2 – Economic Modelling 

Study ID (i.e. paper no.) 6 

Reviewer STY (Primary reviewer) 

Checked by NB (Second reviewer) 

Study Title CT or EUS for the initial staging of oesophageal cancer? A cost 

minimization analysis 

Author(s) Hadzijahic N, Wallace MB, Hawes RH, VanVelse A, LeVeen M, 

Marsi V, Hoffman BJ, Sahai AV 

Publication year 2000 

Aims/objectives/hypoth

eses 

To determine whether it is less costly to request CT or EUS first 

to identify advanced oesophageal cancer; to determine which 

variables most affect the overall cost of identifying advanced 

disease. 

METHOD 

Structure 

Statement of decision 

problem/objective of 

the evaluation and of 

the model 

Statement of decision problem – Currently not known which of 

the initial staging strategy (EUS first or CT first) costs less to 

diagnose advance oesophageal cancer. 

Objective of the evaluation and of the model – Determine 

whether it is less costly to request CT or EUS first to identify 

advanced oesophageal cancer and to determine which variables 

most affect the overall cost of identifying advanced disease. 

Statement of 

scope/perspective of 

the model 

Statement of scope – Type of patients and 2 staging strategies 

were stated within the objectives.  

Perspective of the model – Not stated specifically, the study 

took local referral centre perspective. 

Rationale for structure 

of the model 

The model (as shown in Figure 1) was built to compare the direct 

facility costs of 2 staging strategies aimed at identifying 

advanced disease, CT first or EUS first.  

Rationale for structure of the decision model – 



Each strategy started after oesophageal cancer was diagnosed 

endoscopically. In the EUS first strategy, dilation might or might 

not be required and the probability of finding advanced disease 

could differ depending on whether dilation is required. If EUS 

showed advanced disease, no further testing was required; if 

not, CT was performed. Liver metastases were not sought during 

EUS. In the CT first strategy, EUS (with or without dilation) was 

required only if CT failed to demonstrate unresectable disease. 

The aim of this study was not to compare the accuracy of CT 

with that of EUS. Instead, it was to study the short-term 

outcomes that would result from decisions based on CT and EUS 

results when staging is performed to look for advanced disease. 

It was therefore assumed that CT and EUS results were correct. 

Structural assumptions The structural assumptions are transparent and justified –  

1. It was assumed that CT and EUS results were correct. This 

is because the aim of the study was to study the short-

term outcomes (yes or no advanced disease found) that 

would result from decisions based on CT and EUS results 

when staging is performed to look for advanced disease 

but not to compare the accuracy of CT with that of EUS. 

2. Secondly, the model assumed that the latest small 

diameter echoendoscopes are used; therefore, the risk of 

perforation was not included in the decision tree. 

Strategies/comparators Two initial staging strategies to look for advanced oesophageal 

cancer were compared: CT first or EUS first. 

Model type Decision tree model 

Time horizon Not stated specifically. 

Disease 

states/pathways 

Decision tree pathways reflect the impact of finding out which of 

the two initial staging strategies (EUS first or CT first) would cost 

less to detect advanced disease in patients diagnosed 

endoscopically with oesophageal cancer. 



Cycle length Not applicable 

Summary of structure 

section 

Structural assumptions of the decision tree model are 

transparent and justified. The assumptions made seem to be 

appropriate and reflect the initial staging strategies for finding 

advanced disease in patients diagnosed endoscopically with 

oesophageal cancer. Without prior clinical knowledge of the area 

it is difficult to determine whether the assumptions made were 

adequate. However, the structure of the model seems to be an 

appropriate presentation of the initial staging strategies for 

finding advanced disease in patients with oesophageal cancer.   

Data 

Data identification The details of probabilities and costs identification methods are 

described as below –  

Probabilities – Initial probabilities of finding advanced disease 

and of requiring dilation were obtained from 124 consecutive 

patients with oesophageal cancer from their institution who 

underwent both CT and EUS (routine for both tests to be used at 

institution). Staging results, presenting symptoms, laboratory 

results, and endoscopic tumor characteristics were obtained 

retrospectively. 

Costs – Procedural costs for EUS and dilation included 1999 

direct hospital costs for sedation, monitoring, nursing, 

nonreusable supplies and equipment, and physician fees were all 

presented in Table 1. EUS-FNA cost included the cost of 

diagnostic EUS plus the costs of a disposable FNA needle and a 

fee for cytologic interpretation. EUS (with or without dilation 

and/or FNA) and CT are both outpatient procedures. Similar to 

EUS and dilation costs, CT cost was also used 1999 direct hospital 

costs. 

Data modelling Statistical techniques used were specified – 

1. Variables analysed for univariate associations were listed; 



2. Stepwise multiple logistic regression analysis was used to 

identify significant predictor variables of advanced 

disease.  

The decision model suggests that the variables that are most 

likely to affect the overall cost of identifying advanced disease 

are, in descending order of importance, (1) the relative costs of 

EUS and CT, (2) the probability of finding advanced disease by 

EUS (with or without dilation), and (3) the probability of finding 

advanced disease by CT (as shown in Figure 2). All other 

variables had little or no effect on overall costs (Figure 2). 

Baseline data The paper did not explicitly describe and justify the choice of 

baseline data for the decision tree. The paper mentioned about 

initial input data and all initial input key variables data were 

presented in Table 2. The initial model inputs were based on 

data from a consecutive series of patients with oesophageal 

cancer seen at the authors’ institution. Because of the referral 

center population is likely not representative of all practice 

settings, the authors undertook sensitivity analysis and threshold 

analysis to provide results that can be applied in other settings. 

Therefore, I think the initial input data means baseline data in 

this paper. 

Treatment effects Not applicable.  Oesophageal dilation was required to perform 

EUS in 44 (35%) cases, with no complications. Advanced disease 

was found more often by EUS (Table 3). In 4 (3%) cases, CT 

showed advanced disease (all T3 M1) that was not diagnosed by 

EUS. In 46 (37%) cases, EUS showed advanced disease that was 

not diagnosed by CT (27 T4 M0; 19 T1 M1, T2 M1, or T3 M1). 

Costs, source for all 

costs and discount rates 

The costs incorporated into the model are justified: EUS costs 

(with or without dilation and/or FNA) and CT costs; these costs 

were sourced from 1999 direct hospital costs i.e. local 

hospital/institutional costs.  See table 2 for breakdown of costs. 



Discount rates are not specified. 

Quality of life weights 

(utilities) 

Not applicable – Utilities were not evaluated for the model of 

the study as it’s a cost-minimisation analysis and not a cost-

utility analysis, thus, incorporating utilities into the model is not 

appropriate in this study. 

Data incorporation Probabilities and costs data incorporated into the model have 

been described accordingly in detail and all are presented in 

Table 2 in the paper. 

Assessment of 

uncertainty 

Sensitivity analyses performed 

Methodological 

uncertainty 

Not performed 

Structural uncertainties Not performed 

Heterogeneity Heterogeneity has not been dealt with by running the model 

separately for different subgroups; Model ran for all patients 

with oesophageal cancer. 

Parameter uncertainty All key variables were addressed in sensitivity analyses under all 

possible ranges of value. One-way sensitivity analysis with 

threshold analysis was performed for all variables (Fig. 2). The 

ranges used for sensitivity analysis are stated clearly and 

presented in Table 2 in the paper.  Initial estimates for costs and 

probabilities were varied between 50% and 200% of their 

original estimates (Table 2). If no thresholds were found with 

these ranges, they were increased to a maximum of 0% and 

500%. Two- and three-way sensitivity analyses were performed 

as needed by using the most important determinants of overall 

cost. However, no justification as to why and how the ranges are 

chosen. 

Summary of data 

section 

All key data (Probabilities and costs data) incorporated into the 

decision tree model were described accordingly. And all data 

sources were described. Structural and methodological 



uncertainty was not addressed; however, parameter uncertainty 

were addressed by sensitivity analyses. 

Consistency 

Internal consistency Not specified 

External consistency Not addressed 

Summary of 

consistency section 

Both internal and external consistency was not addressed. 

No previous models were specified, and therefore no 

comparison of results with previous models was able to be made 

to validate the model; however the model results seem not 

counter-intuitive. 

PARTICIPANTS 

Types of participants Oesophageal cancer patients who underwent both CT and EUS. 

Age range Mean age was 62.7 years. 

Inclusion criteria A consecutive series of patients with oesophageal cancer seen at 

the authors’ institution (a referral center). 

Exclusion criteria Not explicitly stated. 

Ethnicity/country USA, 58% white. 

OUTCOMES 

Outcome and 

measure(s) 1 

Cost, dependent on initial test 

Outcome and 

measure(s) 2 

Detection of advanced disease 

Outcome and 

measure(s) 3 

 

Outcome and 

measure(s) 4 

 



Outcome and 

measure(s) 5 

 

Outcome and 

measure(s) 6 

 

Outcome and 

measure(s) 7 

 

Outcome and 

measure(s) 8 

 

Outcome and 

measure(s) 9 

 

Outcome and 

measure(s) 10 

 

SUMMARY OF RESULTS 

Summary of findings 

(including statistical 

significance, significance 

level, confidence 

intervals and effect size) 

Initial CT is the least costly strategy if the probability of finding 

advanced disease by initial CT is greater than 20%, if the 

probability of finding advanced disease by initial endoscopic 

ultrasound (EUS) is less than 30%, or if the cost of EUS is greater 

than 3.5 times the cost of CT. However, in our referral center 

population, endosonography found advanced disease more 

frequently than CT (44% vs. 13%; p < 0.0001) and the least costly 

strategy was initial endosonography (expected cost $804 vs. 

$844). 

Cost per 

QALY/Incremental Cost-

Effectiveness Ratio 

(ICER) conclusions 

Not applicable for cost-minimisation analysis study. 



Inflated cost per 

QALY/ICER to 2015 price 

year (current price year) 

Initial EUS strategy expected cost was USD804 (1999 price year) 

– This equals to £488 (1999 price year) which this is converted 

using the currency exchange rates (i.e. the currency units per 

SDR for September 1999) from International Monetary Fund 

(IMF, 2017). This £488 (1999 price year) is then inflated using 

Hospital and Community Health Services (HCHS) Pay and Prices 

Index (Curtis and Netten, 2005; Curtis and Burns, 2015; Curtis 

and Burns, 2016; Curtis and Burns, 2017) to £824 (2017 price 

year). 

Initial CT strategy expected cost was USD844 (1999 price year) – 

This equals to £513 (1999 price year) which this is converted 

using the currency exchange rates (i.e. the currency units per 

SDR for September 1999) from International Monetary Fund 

(IMF, 2017). This £513 (1999 price year) is then inflated using 

Hospital and Community Health Services (HCHS) Pay and Prices 

Index (Curtis and Netten, 2005; Curtis and Burns, 2015; Curtis 

and Burns, 2016; Curtis and Burns, 2017) to £867 (2017 price 

year). 

Inflation indices: 

1998/99 – 180.4; 2004/05 – 234.2 (Curtis and Netten, 2005) 

2004/05 – 232.3; 2005/06 – 240.9 (Curtis and Burns, 2015) 

2005/06 – 240.9; 2015/16 – 297.0 (Curtis and Burns, 2016) 

2015/16 – 297.0; 2016/17 – 302.3 (Curtis and Burns, 2017) 
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CONCLUSIONS 

Study conclusions CT remains as the initial staging test of choice in most clinical 

settings. However, in referral centers, initial EUS may be 

reasonable, but individualized model inputs must be obtained 

before reliable conclusions can be drawn. 
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Appendix 3.15: Data extraction results of Harewood and Wiersema (2002) 

DATA EXTRACTION FORM 2 – Economic Modelling 

Study ID (i.e. paper no.) 8 

Reviewer STY (Primary reviewer) 

Checked by NB (Second reviewer) 

Study Title A cost analysis of endoscopic ultrasound in the evaluation of 

oesophageal cancer 

Author(s) Harewood GC and Wiersema MJ  

Publication year 2002 

Aims/objectives/hypoth

eses 

Decision analysis to examine which staging/management 

technique was the least costly: EUS FNA, CT-guided FNA or 

surgical management of oesophageal tumours. A cost-

minimisation approach was employed and undertaken from the 

third party payer perspective.  Sensitivity analysis performed to 

examine critical factors defining relative costs. 

METHOD 

Structure 

Statement of decision 

problem/objective of 

the evaluation and of 

the model 

Statement of decision problem – The economic impact of 

endoscopic ultrasound (EUS) with guided fine needle aspiration 

(FNA) staging strategy of suspicious lymph nodes has not yet 

been described. 

Objective of the evaluation and of the model – To quantitate 

the relative financial value of the addition of EUS FNA of CLNs to 

the preoperative evaluation of patients with apparently 

“resectable” oesophageal cancer on CT. A cost-minimisation 

approach was employed using a decision tree model. 

Statement of 

scope/perspective of 

the model 

Statement of scope – Type of patients, 2 addition staging 

options (CT-guided FNA and EUS-FNA) and one ‘proceed straight 

to surgery’ options were stated within the objectives of the study 

– Management of oesophageal tumours.  

Perspective of the model – Third party payer perspective. 



Rationale for structure 

of the model 

Rationale for structure of the decision model is to compare the 

direct medical costs of 3 management options:  

a) Obtain CT-guided biopsy of any suspicious-appearing 

CLNs detected on CT, 

b) Obtain EUS with FNA of any suspicious-appearing CLNs, 

or 

c) Proceed directly to surgery. 

By attaching costs to each management strategy of the model, 

the total costs and outcomes associated with particular health 

care strategies could be modelled. Success rates and potential 

risks of each procedure are included in the model. 

Structural assumptions The structural assumptions are transparent and justified –  

At the initial decision node patient is assumed to have 

undergone CT of abdomen and thorax, deemed to have 

resectable tumour. Three main branches of decision tree 

represent management options: CT guided FNA, EUS-FNA, direct 

to surgery.  The detection of metastatic CLNs on FNA implied 

unresectability and prompted palliative management rather than 

surgery. 

3. It was assumed that patients referred for either EUS-FNA 

or CT-guided FNA are assumed to have the same 

comorbidities, and all other diagnostic and additional 

clinical decision making is assumed to be similar. 

4. Pathology interpretation costs are not included because 

these are also assumed similar in all arms. 

5. The cost of combined chemotherapy is not taken into 

account as the proportion of early and advanced tumours 

in each management arm is similar. 

6. It is assumed that enlarged CLNs detected on CT will be 

visualised by EUS because its sensitivity is significantly 

better than that of CT for detection of nodal metastases. 



7. The positive predictive value of a cytological finding of 

malignancy is assumed to be 100% for both EUS-FNA and 

CT-guided FNA. 

8. The morbidity and long term side effects of radiation or 

chemotherapy were not included in the primary analysis 

as these remain poorly quantified. 

9. The complication rates of EUS-FNA, CT-guided FNA, and 

exploratory laparotomy were considered to be small, 

having negligible effects on model results and were 

excluded to simply the model. 

Strategies/comparators Three management options of oesophageal tumours - 

a) CT-guided FNA – Obtain CT-guided biopsy of any 

suspicious-appearing CLNs detected on CT, 

b) EUS-FNA – Obtain EUS with FNA of any suspicious-

appearing CLNs, or 

c) Surgery – Proceed directly to surgery. 

Model type Decision tree model 

Time horizon Not stated specifically. 

Disease 

states/pathways 

Decision tree pathways (see Figure 1) reflect the impact of 

finding out which of the three management options is least 

costly strategy in the management of patients with apparently 

“resectable” oesophageal cancer on CT. 

Cycle length Not applicable 

Summary of structure 

section 

Structural assumptions of the decision tree model are 

transparent and justified. The assumptions made seem to be 

appropriate and reflect the management options in patients with 

apparently “resectable” oesophageal cancer on CT. The structure 

of the model seems to be an appropriate presentation of the 

management options for patients with apparently “resectable” 

oesophageal cancer on CT.   

 



A decision analytic model was created, using DATA 3.5 software, 

to simulate the clinical problem and the costs assigned to each 

screening strategy. The three management strategies modelled 

were CT FNA, EUS FNA and immediate surgery. Palliative 

management was considered to be combined chemotherapy and 

radiotherapy with endoscopic insertion of a metallic oesophageal 

stent. False-negative patients with FNA, and also patients with 

previously undetermined lymph node metastases, would 

undergo exploratory laparotomy and would then proceed to 

palliative oesophageal stenting with chemo-radiation. 

Data 

Data identification The probabilities and costs data identification methods are 

transparent and appropriate given the objectives of the model. 

The details of probabilities and costs identification methods are 

described as below –  

Probabilities – The probabilities were obtained from an 

extensive literature search. The probabilities for EUS FNA and CT-

guided FNA sensitivity were obtained from studies that had 

similar patient characteristics (i.e. patients with nonmetastatic 

oesophageal cancer). 

Costs – Direct medical costs were estimated from the Medicare 

ambulatory patient classification (APC) plus professional fees for 

hospital-based outpatient procedures and are outlined in Table 

2. 

Data modelling • The authors did not justify the data modelling methodology 

whether it was based on justifiable statistical and 

epidemiological techniques. The authors only mentioned that 

they used the DATA 3.5 (TreeAge Software) software package 

to model their decision analysis. 

• Alternative assumptions have been explored through 

sensitivity analysis – The authors described that baseline 



probabilities were varied through plausible ranges using 

sensitivity analysis. 

• Probabilities and costs data incorporated into the decision 

tree model have been described accordingly in detail and all 

are presented in Table 1 and Table 2 in the paper. 

• Assumptions were described and justified. 

Baseline data The authors justified and described the choice of baseline data – 

Baseline probability of all the variables used in the decision tree 

model was described and presented in Table 1. Amongst the 

variables presented in Table 1, only the variable ‘EUS-FNA 

sensitivity’ data is justified. 

 

Treatment effects Not applicable 

Costs, source for all 

costs and discount rates 

• The costs incorporated into the model are justified and 

presented in Table 2. 

• The source for all costs has been described – 

Outpatient costs – Direct medical costs were estimated from 

the Medicare ambulatory patient classification (APC) plus 

professional fees for hospital-based outpatient procedures 

and are presented in Table 2. 

Inpatient costs – Diagnosis Related Groups (DRGs) costs were 

used for hospital inpatient services cost plus professional fees 

and are presented in Table 2.  The cost areas included were 

those relating to the staging procedures, oesophageal stent 

and associated hospitalisation, laparotomy, oesophagectomy 

and postsurgical care. The costs of pathology interpretation 

and palliative care were not included, as they were considered 

similar in each management arm. All the costs related to the 

procedures were obtained from Medicare reimbursement 

rates. The Medicare ambulatory patient classification plus 



professional fees for hospital-based outpatient procedures 

were used. It appears that the costs have been estimated 

using actual data, and the average costs were reported. The 

unit costs and the quantities of resources used were not 

presented separately. 

• Discounting was not performed as the evaluation takes only 

several days. 

 

Quality of life weights 

(utilities) 

• Not applicable – Utilities were not evaluated for the model of 

the study as it’s a cost-minimisation analysis and not a cost-

utility analysis, thus, incorporating utilities into the model is 

not appropriate in this study.  

Data incorporation Probabilities and costs data incorporated into the model are all 

presented in Table 1 and 2 in the paper. 

Assessment of 

uncertainty 

One, two and three-way sensitivity analysis. 

Altering of parameters in sensitivity analysis was undertaken, 

with single and multiple adjustments made. Only done for 

probabilities, not costs. 

Methodological 

uncertainty 

The authors did not run alternative versions of the model with 

different methodological assumptions. 

Structural uncertainties Not specified 

Heterogeneity Heterogeneity has not been dealt with by running the model 

separately for different subgroups; Model ran for all patients 

with apparently “resectable” oesophageal cancer on CT. 

Parameter uncertainty The methods of assessment of parameter uncertainty are 

appropriate, the following sensitivity analyses were performed –  

1. One-way sensitivity analysis varying prevalence of 

malignant CLNs, 

2. One-way sensitivity analysis varying sensitivity of EUS-

FNA, and 



3. Two-way sensitivity analysis varying prevalence of 

malignant CLNs and sensitivity of EUS-FNA 

simultaneously. 

All key variables were addressed in sensitivity analyses under all 

possible ranges of value. The ranges used for sensitivity analysis 

are stated in Table 1 in the paper. No justification as to why and 

how the ranges are chosen with the exception of variable “EUS-

FNA sensitivity”.  

Summary of data 

section 

Key data (Probabilities and costs data of variable “EUS-FNA 

sensitivity”) incorporated into the decision tree model were 

described accordingly. And the appropriate data sources were 

described. Structural uncertainty was not addressed; however, 

methodological and parameter uncertainty were addressed by 

sensitivity analyses. 

Consistency 

Internal consistency Not specified 

External consistency Not addressed 

Summary of 

consistency section 

Both internal and external consistency was not addressed. 

No previous models were specified, and therefore no 

comparison of results with previous models was able to be made 

to validate the model; however the model results seem not 

counter-intuitive. 

PARTICIPANTS 

Types of participants Patients with apparently “resectable” oesophageal cancer on CT 

(i.e. patients with non-metastatic oesophageal cancer). 

Age range No age range specified 

Inclusion criteria Patients with verified cancer of the esophagus that is apparently 

“resectable” according to the T and M stages as determined by 

CT -- that is, no evidence of invasion of adjacent organs or distant 

metastases (i.e. non-metastatic oesophageal cancer).  



Exclusion criteria With regard to costs, indirect health and institutional costs such 

as the cost to society for lost work, quality of life, and 

institutional administration or maintenance of buildings were not 

included. 

Ethnicity/country Ethnicity – Not specified; Country – USA 

OUTCOMES 

Outcome and 

measure(s) 1 

Cost – The Relative cost of the addition of EUS FNA of CLNs to 

the preoperative evaluation of patients with apparently 

“resectable” oesophageal cancer on CT. 

Outcome and 

measure(s) 2 

Least costly management option 

Outcome and 

measure(s) 3 

Number of unnecessary surgeries avoided. 

Outcome and 

measure(s) 4 

 

Outcome and 

measure(s) 5 

 

Outcome and 

measure(s) 6 

 

Outcome and 

measure(s) 7 

 

Outcome and 

measure(s) 8 

 

Outcome and 

measure(s) 9 

 

Outcome and 

measure(s) 10 

 

SUMMARY OF RESULTS 

Summary of findings 

(including statistical 

significance, 

The total costs were $13,811 for EUS FNA, $14,350 for CT-guided 

FNA, and $13,992 for surgery only. 



significance level, 

confidence intervals 

and effect size) 

EUS FNA remained the least costly option, provided that the 

prevalence of CLN involvement was greater than 16%. Below this 

value, surgery became the least costly strategy. 

The final outcome of the model was also sensitive to variation in 

the sensitivity of EUS FNA. Provided that the sensitivity of EUS-

FNA was greater than 66%, EUS-FNA remained the least costly 

staging option in the management of oesophageal tumours. 

Despite changing the values of two or three variables 

simultaneously in the two- and three-way sensitivity analyses, 

the result still showed that EUS-FNA remained the least costly 

strategy. 

 

Cost per 

QALY/Incremental Cost-

Effectiveness Ratio 

(ICER) conclusions 

Not applicable for cost-minimisation analysis. 

Inflated cost per 

QALY/ICER to 2015 

price year (current price 

year) 

EUS-FNA strategy costs $13,811 (2001 price year) – This equals 

to £9,394 (2001 price year) which this is converted using the 

currency exchange rates (i.e. the currency units per SDR for 

September 2001) from International Monetary Fund (IMF, 2017). 

This £9,394 (2001 price year) is then inflated using Hospital and 

Community Health Services (HCHS) Pay and Prices Index (Curtis 

and Netten 2005; Curtis and Burns, 2015; Curtis and Burns, 2016; 

Curtis and Burns, 2017) to £14,578 (2017 price year). 

CT-FNA strategy costs $14,350 (2001 price year) – This equals to 

£9,761 (2001 price year) which this is converted using the 

currency exchange rates (i.e. the currency units per SDR for 

September 2001) from International Monetary Fund (IMF, 2017). 

This £9,761 (2001 price year) is then inflated using Hospital and 

Community Health Services (HCHS) Pay and Prices Index (Curtis 



and Netten 2005; Curtis and Burns, 2015; Curtis and Burns, 2016) 

to £15,147 (2017 price year). 

Surgery costs $13,992 (2001 price year) – This equals to £9,517 

(2001 price year) which this is converted using the currency 

exchange rates (i.e. the currency units per SDR for September 

2001) from International Monetary Fund (IMF, 2017). This 

£9,517 (2001 price year) is then inflated using Hospital and 

Community Health Services (HCHS) Pay and Prices Index (Curtis 

and Netten, 2005; Curtis and Burns, 2015; Curtis and Burns, 

2016) to £14,768 (2017 price year). 

Inflation indices: 

2000/01 – 196.4; 2004/05 – 234.2 (Curtis and Netten, 2005) 

2004/05 – 232.3; 2005/06 – 240.9 (Curtis and Burns, 2015) 

2005/06 – 240.9; 2015/16 – 297.0 (Curtis and Burns, 2016) 

2015/16 – 297.0; 2016/17 – 302.3 (Curtis and Burns, 2017) 
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CONCLUSIONS 

Study conclusions By minimizing unnecessary surgery, primarily by detecting CLN 

involvement, EUS FNA was the least costly staging strategy in the 

workup of patients with non-metastatic oesophageal cancer. 

Under certain circumstances, surgery was the least costly 

strategy. 
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Appendix 3.16: Data extraction results of Wallace et al (2002) 

DATA EXTRACTION FORM 2 – Economic Modelling 

Study ID (i.e. paper no.) 15 

Reviewer STY (Primary reviewer) 

Checked by NB (Second reviewer) 

Study Title An analysis of multiple staging management strategies for 

carcinoma of the esophagus: Computed tomography, endoscopic 

ultrasound, positron emission tomography, and 

thoracoscopy/laparoscopy 

Author(s) Michael B. Wallace, Paul J. Nietert, Craig Earle, Mark J. Krasna, 

Robert H. Hawes, Brenda J. Hoffman and Carolyn E. Reed 

Publication year 2002 

Aims/objectives/hypoth

eses 

To compare the health care costs and effectiveness of multiple 

staging options for patients with oesophageal cancer. 

METHOD 

Structure 

Statement of decision 

problem/objective of 

the evaluation and of 

the model 

Statement of decision problem – Currently not known which of 

the available procedures (CT, EUS-FNA, TL and PET) or which 

combinations of these procedures offers the most cost-effective 

approach for the detection of locally advanced or metastatic 

disease for patients with oesophageal cancer. 

Objective of the evaluation and of the model – To compare the 

costs and effectiveness of six strategies for staging patients with 

oesophageal cancer: CT alone, CT+EUS-fine-needle aspiration 

biopsy (FNA), CT+thoracoscopy and laparoscopy (TL), CT+EUS-

FNA+TL, CT+PET+EUS-FNA, and PET+EUS-FNA. 

Statement of 

scope/perspective of 

the model 

Statement of scope – Type of patients and staging strategies 

options were stated within the objectives.  

Perspective of the model – Third-party payer perspective 

Rationale for structure 

of the model 

The structure of the decision model reflects the clinical 

algorithm for the management of oesophageal cancer patients, 



which the staging algorithm was specified according to the 

protocol. 

Structural assumptions Assumption was made that staging tests were performed 

sequentially in each strategy case, along with justification 

according to the protocol for no further staging was performed if 

distant metastases were found and confirmed. Their model 

assumed that patients with known metastatic disease (M1b) or 

tumours that had invaded regional organs (T4) did not undergo 

surgical esophagectomy but only palliative therapy including 

stents or radiotherapy and chemotherapy. 

Strategies/comparators Six strategies for staging patients with oesophageal cancer were 

compared:  CT alone, CT+EUS-fine-needle aspiration biopsy 

(FNA), CT+thoracoscopy and laparoscopy (TL), CT+EUS-FNA+TL, 

CT+PET+EUS-FNA, and PET+EUS-FNA. 

Model type Decision tree model 

Time horizon Not stated specifically 

Disease 

states/pathways 

Decision tree represents the staging algorithm that patients may 

follow when they are diagnosed with oesophageal cancer (see 

Figure 1). 

Cycle length Not applicable 

Summary of structure 

section 

Assumptions made on the structure of the decision tree model 

were clearly specified. The assumptions made seem to be 

appropriate and reflect the clinical algorithm for management of 

patients with oesophageal cancer. Without prior knowledge of 

the area it is difficult to determine whether the assumptions 

made were adequate. However, the structure of the model 

seems to be an appropriate presentation of the staging 

strategies for esophagus cancer.   

Data 

Data identification Test characteristics for the different staging procedures were 

derived from published literature (but didn’t specify whether 



systematic) and from a prospective study. Life expectancies were 

derived from 1973-1996 SEER data and separate life 

expectancies were derived from median survival times for 

patients in various stages at diagnosis as well as for patients who 

had and who had not been treated surgically for the disease. 

Costs associated with the different staging techniques and 

inpatient procedure for the diagnostically related group for TL 

with lymph node biopsy linked to the ICD-9 code for malignant 

oesophageal neoplasm were based on Medicare reimbursement. 

Outpatient procedure for EUS-FNA costs were based on the CPT 

(Current Procedural Terminology) code for EUS with FNA linked 

to the ICD-9 code for malignant oesophageal neoplasm. See 

Table 1 for list of data included. 

Data modelling Standard methods of cost-effectiveness analysis were used for 

the decision analysis.   

Baseline data All baseline values for the model variables came from several 

sources, as shown in Table 1 in the paper. 

Treatment effects Not applicable 

Costs, source for all 

costs and discount rates 

Costs associated with management of patients with esophagus 

cancer were incorporated into the decision model (i.e. costs 

associated with the different staging techniques, and costs 

associated with the treatment and care of patients identified as 

having local, regional, and distant disease). 

All costs associated with management of patients with 

esophagus cancer were derived from SEER-Medicare linked 

databases and from other Medicare reimbursement rates. 

Cost and effectiveness measures were discounted at 0% and 3% 

per year. 



Quality of life weights 

(utilities) 

Quality of life utilities values come directly from expert opinion, 

estimated for local/regional disease unresected, local/regional 

disease resected, distant disease unresected, distant disease 

resected. No details about the source and methods of derivation 

for the utilities weights  

Data incorporation All data incorporated into the model have been described and 

referenced accordingly and all are presented in Table 1 in the 

paper. However, expert opinion not referenced as to who and 

number of experts involved. 

Assessment of 

uncertainty 

Ranges used in Sensitivity Analysis. Each model variable was 

subjected to sensitivity analysis to determine which variables 

had the greatest effects on the cost-effectiveness measures for 

each strategy. 

Methodological 

uncertainty 

Not assessed 

Structural uncertainties Not assessed 

Heterogeneity Not assessed – Heterogeneity has not been dealt with by 

running the model separately for different subgroups; Model ran 

for patients of all ages. 

Parameter uncertainty The methods of assessment of parameter uncertainty are 

appropriate – All key variables were addressed in sensitivity 

analyses under all possible ranges of value. 

Summary of data 

section 

Wide range of data used to populate model, although QALY data 

is not robust. All data used in the decision tree model were 

detailed and referenced appropriately. And all data sources were 

stated and presented clearly in Table. Methodological and 

structural uncertainties were not addressed; however, 

parameter uncertainty was addressed in the sensitivity analyses. 

Consistency 

Internal consistency Not specified 

External consistency Not addressed 



Summary of 

consistency section 

Both internal and external consistency was not addressed. 

No previous models were specified, and therefore no 

comparison of results with previous models was able to be made 

to validate the model; however the model results seem not 

counter-intuitive. 

 

PARTICIPANTS 

Types of participants Adults (younger patients and patients older than 65 years) 

Age range No age range specified 

Inclusion criteria Using the SEER–Medicare databases, a retrospective cohort was 

created consisting of all Medicare-eligible patients whose 

invasive oesophageal cancer was diagnosed between January 1, 

1991, and December 31, 1996. 

Exclusion criteria Patients were excluded if they had had any prior cancer or if 

they were enrolled in a health maintenance organization at 

some time during the study period and therefore did not have 

complete treatment information. Patients were also excluded if 

the dates of diagnosis (or death) differed by more than 2 months 

in the SEER and Medicare databases, or if the cancer was first 

identified at the time of death or post-mortem examination. 

Ethnicity/country Ethnicity – Not specified; Country studied – USA. 

OUTCOMES 

Outcome and 

measure(s) 1 

Costs 

Outcome and 

measure(s) 2 

QALY 

Outcome and 

measure(s) 3 

 

Outcome and 

measure(s) 4 

 



Outcome and 

measure(s) 5 

 

Outcome and 

measure(s) 6 

 

Outcome and 

measure(s) 7 

 

Outcome and 

measure(s) 8 

 

Outcome and 

measure(s) 9 

 

Outcome and 

measure(s) 10 

 

SUMMARY OF RESULTS 

Summary of findings 

(including statistical 

significance, significance 

level, confidence 

intervals and effect size) 

Under baseline assumptions, CT+EUS-FNA was the least costly 

strategy and offered more quality-adjusted life years, on 

average, than all other strategies with the exception of PET+EUS-

FNA. The latter was slightly more effective but also more costly.  

Cost per 

QALY/Incremental Cost-

Effectiveness Ratio 

(ICER) conclusions 

The marginal cost-effectiveness ratio for PET+EUS-FNA was 

$60,544 per quality-adjusted life-year (QALY). These findings 

were robust and changed very little in all of the sensitivity 

analyses. 

Inflated cost per 

QALY/ICER to 2015 price 

year (current price year) 

USD$60,544 per QALY (2000 price year) – This equals to £41,184 

per QALY (2000 price year) which this is converted using the 

currency exchange rates (i.e. the currency units per SDR for 

September 2000) from International Monetary Fund (IMF, 2017). 

This £41,184 per QALY (2000 price year) is then inflated using 

Hospital and Community Health Services (HCHS) Pay and Prices 

Index (Curtis and Netten, 2005; Curtis and Burns, 2015; Curtis 

and Burns, 2016) to £66,588 per QALY (2017 price year). 



Inflation indices: 

1999/00 – 188.5; 2004/05 – 234.2 (Curtis and Netten, 2005) 

2004/05 – 232.3; 2005/06 – 240.9 (Curtis and Burns, 2015) 

2005/06 – 240.9; 2015/16 – 297.0 (Curtis and Burns, 2016) 

2015/16 – 297.0; 2016/17 – 302.3 (Curtis and Burns, 2017) 
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CONCLUSIONS 

Study conclusions The combination of PET-EUS-FNA should be the recommended 

staging procedure for patients with oesophageal cancer, unless 

resources are scarce or PET is unavailable. In these instances, CT-

EUS-FNA can be considered the preferred strategy. 
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Appendix 3.17: Quality assessment results of Shumaker et al (2002) 

Question 

no. 

CASP economic evaluation checklist 

questions*¥ 

Response 

(√, x or 

NC/NA) 

Comments 

(i.e. a description that explains how the judgement was reached) 

1 Was a well-defined question posed? √ The aim of the study was to determine the relative proportions of each 

oesophageal cancer stage in a group of patients referred for preoperative 

staging with EUS. 

    

2 Was a comprehensive description of the 

competing alternatives given? 

NA Not applicable as this was a cost analysis study to assess the potential cost 

savings of performing preoperative EUS. 

    

3 Does the paper provide evidence that 

the programme would be effective (i.e. 

would the programme do more good 

than harm)? 

√ The authors provided evidences from the literatures that (1) EUS has been 

shown to be a minimally invasive, safe, and accurate method of 

determining the preoperative stage of oesophageal cancer, and (2) studies 

have also demonstrated a potential impact of EUS staging on patient 

management. 

    

4 Were the effects of the intervention 

identified, measured and valued 

appropriately? 

NA Not applicable as this was a cost analysis study. 



    

5a Were all important and relevant 

resources required and health outcome 

costs for each alternative identified? 

NC EUS cost (£634 per patient) and the costs of combined modality therapy 

[neoadjuvant chemoradiotherapy (£8728 per patient) plus surgery (£23,800 

per patient)] were identified. The cost analysis took a Medicare perspective.  

Price year 2000 was stated. 

 

Most costs derived from Medicare reimbursement rates. The authors did 

not include costs for consulting physicians or treatment complication. 

Estimated esophagectomy from previous literature rather than Medicare. 

    

5b Were all important and relevant 

resources required and health outcome 

costs for each alternative measured in 

appropriate units? 

√ All costs were measured in US dollar ($). 

 

Potential cost savings of performing preoperative EUS was defined as the 

total cost of the treatment saved (cost of chemoradiotherapy multiplied by 

the number of patients not receiving neoadjuvant chemoradiotherapy plus 

esophagectomy cost multiplied by the number of patients with Stage IV 

cancer not treated with esophagectomy) minus the cost of the EUS 

examinations. 

    



5c Were all important and relevant 

resources required and health outcome 

costs for each alternative valued 

credibly? 

√ The estimated cost of EUS, chemoradiotherapy and esophagectomy are 

realistic. 

 

The cost of EUS ($634 per patient, price year 2000) was based on Medicare 

reimbursement rates at Oregon Health and Science University for the year 

2000. 

 

The cost of neoadjuvant chemoradiotherapy ($8728 per patient, price year 

2000) was based on the protocol of a study by Walsh et al (1996). 

 

The estimated cost of an esophagectomy for oesophageal cancer ($23,800 

per patient, price year 1999) was derived from a previously published 

estimate by Provenzale et al (1999). 

    

6 Were costs and consequences adjusted 

for different times at which they 

occurred (discounting)? 

x The authors did not inflate the cost of esophagectomy from 1999 price year 

to 2000 price year in order to be in line with the price year for the cost of 

EUS and chemoradiotherapy (which both these costs are 2000 price year). 

Discounting was not stated. 

    



7 What were the results of the 

evaluation? 

√ For every 100 patients staged before surgery with EUS (cost $63,420), 14 

patients with Stage I disease would be spared neoadjuvant 

chemoradiotherapy (saving $122,192) and 12 patients with Stage IV cancer 

would be spared surgery (saving $285,600) for an average cost savings of 

$3443 per patient. 

    

8 Was an incremental analysis of the 

consequences and cost of alternatives 

performed? 

NA Cost saving was performed. 

    

9 Was an adequate sensitivity analysis 

performed? 

√ Sensitivity analysis for potential cost savings with preoperative EUS in 

oesophageal cancer was performed to account for variability in the cost of 

EUS and combined modality therapy and any effect of varying the 

proportion of patients whose management would be altered by 

preoperative staging with EUS. 

    

10 Is the programme likely to be equally 

effective in your context or setting? 

√  

    



*Available from: http://www.casp-uk.net/casp-tools-checklists 
¥Adapted from: Drummond MF, Stoddart GL, Torrance GW. Methods for the economic evaluation of health care programmes. Oxford: Oxford 
University Press, 1987 
 

11 Are the costs translatable to your 

setting? 

x No as it is a US study that took a Medicare perspective. Thus, the costs are 

not translatable to UK setting. 

    

12 Is it worth doing in your setting? √ It is worth doing in UK local hospital setting to assess the similar context 

(potential cost savings with preoperative EUS in oesophageal cancer) with 

the similar population. 

    



Appendix 3.18: Quality assessment results of Chang et al (2003) 

Question 

no. 

CASP economic evaluation checklist 

questions*¥ 

Response 

(√, x or 

NC/NA) 

Comments 

(i.e. a description that explains how the judgement was reached) 

1 Was a well-defined question posed? √ The aim of the study was to determine the impact of EUS in combination 

with FNA on patients’ choice of therapy and on the cost of care. 

    

2 Was a comprehensive description of the 

competing alternatives given? 

NA Not applicable as this was a cost analysis study to assess whether or not the 

use of EUS decreased the cost of care for patients who had oesophageal 

cancer who otherwise were surgical candidates. 

    

3 Does the paper provide evidence that 

the programme would be effective (i.e. 

would the programme do more good 

than harm)? 

√ The authors provided evidences from the literatures that (1) Based on a 

review of 739 reported cases, EUS is accurate for evaluating tumour depth 

in 85% of cases and nodal stage in 79%, (2) recent development of 

techniques for performing fine-needle aspiration (FNA) biopsy through the 

echo endoscope has further improved the specificity of EUS in diagnosing 

lymph-node metastasis, (3) EUS-guided FNA also provides pathological 

evidence of metastasis to peritoneal or pleural fluid, or liver. 

    



4 Were the effects of the intervention 

identified, measured and valued 

appropriately? 

NA Not applicable as this was a cost analysis study. 

    

5a Were all important and relevant 

resources required and health outcome 

costs for each alternative identified? 

NC It appears that all relevant clinical costs were included, the authors stated 

that cost analyses were based on the published direct costs of 

endosonography-guided aspiration biopsy and thoracotomy, but the 

description of the cost analyses are brief, potentially limited. Price year was 

not stated. 

    

5b Were all important and relevant 

resources required and health outcome 

costs for each alternative measured in 

appropriate units? 

√ All costs were measured in US dollar ($). 

 

Cost analyses were carried out in this cohort of patients to calculate the 

savings that occurred when patients chose not to undergo thoracotomy 

based on the EUS findings. 

    

5c Were all important and relevant 

resources required and health outcome 

costs for each alternative valued 

credibly? 

NC Depends on quality of reference used to cost. Cost analyses not described in 

sufficient detail. 



    

6 Were costs and consequences adjusted 

for different times at which they 

occurred (discounting)? 

x The authors did not mention whether they inflated the costs of 

endosonography-guided aspiration biopsy and thoracotomy. And they did 

not mention about discounting.  

    

7 What were the results of the 

evaluation? 

√ The use of EUS in these patients potentially saved $740,424 (as shown in 

Table 1). The average cost savings per patient referred for pre-operative 

EUS staging were approximately $12,340. 

    

8 Was an incremental analysis of the 

consequences and cost of alternatives 

performed? 

NA Cost saving was performed. 

    

9 Was an adequate sensitivity analysis 

performed? 

x No sensitivity analysis was performed. 

    

10 Is the programme likely to be equally 

effective in your context or setting? 

√  

    



11 Are the costs translatable to your 

setting? 

x It is a US study so the costs are not translatable to UK setting. 

    

12 Is it worth doing in your setting? √ It is worth doing in UK local hospital setting to assess the similar context 

(potential cost savings when oesophageal cancer patients chose not to 

undergo thoracotomy based on the EUS-guided therapy findings) with the 

similar population. 

    

*Available from: http://www.casp-uk.net/casp-tools-checklists 
¥Adapted from: Drummond MF, Stoddart GL, Torrance GW. Methods for the economic evaluation of health care programmes. Oxford: Oxford 
University Press, 1987 
 

http://www.casp-uk.net/casp-tools-checklists


Appendix 3.19: Quality assessment results of Russell et al (2013) 

Question 

no. 

CASP economic evaluation checklist 

questions*¥ 

Response 

(√, x or NC) 

Comments 

(i.e. a description that explains how the judgement was reached) 

1 Was a well-defined question posed? √ The objective of the health economic analysis was to assess the cost-

effectiveness of EUS staging in the management of patients with gastro-

oesophageal cancer compared with its absence.  

    

2 Was a comprehensive description of the 

competing alternatives given? 

√ Eligible and medically fit patients with localised tumours randomised to 

intervention group (EUS group) received EUS in addition to standard staging 

algorithms, while those randomised to control group (non-EUS group) 

received standard staging algorithms without EUS. 

 

The staging algorithm from usual practice, as identified by SAGOC, were 

developed by the COGNATE team before the trial began- 

a. Chest x-ray, pulmonary function tests, haematology and biochemistry, 

together with assessment of cardiac status. Patients of WHO performance 

status 3 or 4 or medically unsuitable for either surgery or chemotherapy will 

be excluded. 

b. Patients who are medically fit will undergo a trans-abdominal USS. Those 

found to have metastatic liver disease will be excluded. 

c. Patients without evidence of metastases will undergo a CT scan following 

an agreed protocol using a spiral scanner, oral water contrast and 



intravenous contrast. Laparoscopy will be undertaken in patients with any 

suspicion of peritoneal disease, as this remains the best means of detecting 

peritoneal deposits of tumour. 

d. Only patients with localised tumours will be randomised between EUS or 

not. 

    

3 Does the paper provide evidence that 

the programme would be effective (i.e. 

would the programme do more good 

than harm)? 

√ In the overall report, the findings of their literature review shows that EUS 

has potential to provide accurate staging of gastric and oesophageal 

tumours. They acknowledged that this can therefore provide important 

prognostic information to guide management; however, as the link 

between better staging and better management is not proven, the benefit 

of EUS is not clear. So the COGNATE trial was initiated and designed to 

evaluate, not the accuracy of EUS, but the effect it has on patient 

management and thus outcome. 

 

Also, the economic evidence shows that combination of EUS-FNA with CT 

staging strategy was the least costly strategy compared to all other 

strategies with the exception of combination of EUS-FNA with PET which 

was slightly more effective but also more expensive. 

    



4 Were the effects of the intervention 

identified, measured and valued 

appropriately? 

√ Yes the effects of the intervention were identified, measured and valued 

appropriately.  

    

5a Were all important and relevant 

resources required and health outcome 

costs for each alternative identified? 

√ The health economic analysis was undertaken from an NHS perspective. 

Price year 2008 was stated. 

 

Resources – All secondary healthcare resource use and prescribing were 

identified. 

 

Health outcome – Patient’s health-related quality of life was measured 

using EQ-5D tool. 

    

5b Were all important and relevant 

resources required and health outcome 

costs for each alternative measured in 

appropriate units? 

√ Resources – All healthcare resource use and prescriptions were measured in 

appropriate unit e.g. number of bed days, number of cycles. 

Health outcome – Patient’s health-related quality of life was measured in 

the common unit – QALY. 

    

5c Were all important and relevant 

resources required and health outcome 

costs for each alternative valued 

credibly? 

√ All the values reported for healthcare resource use and costs, and health-

related quality of life outcome are realistic and derived appropriately. 

 



    

6 Were costs and consequences adjusted 

for different times at which they 

occurred (discounting)? 

√ In the primary analysis at 48 months, costs and QALYs were discounted at 

3.5% per year. All costs were inflated to 2008 prices, as appropriate, using 

the Hospital and Community Health Services Pay and Price Index obtained 

from Curtis (2008). 

 

Reference: 

Curtis L. Unit costs of health and social care 2008. Canterbury: PSSRU, 

University of Kent; 2008.  

    

7 What were the results of the 

evaluation? 

√ The results suggest that, 48 months after randomisation, EUS is still more 

effective and less costly than usual management. 

    

8 Was an incremental analysis of the 

consequences and cost of alternatives 

performed? 

√ Incremental analysis of the cost and outcome of alternatives was performed 

– The intervention group (EUS group) on average has gained 0.1969 more 

QALYs and cost £2,860 less than the control group (non-EUS group). 

    

9 Was an adequate sensitivity analysis 

performed? 

√ Sensitivity analyses were performed for the variability of EUS costs with 

discounted and undiscounted QALYs in the primary analysis at 48 months. 

    

10 Is the programme likely to be equally 

effective in your context or setting? 

√  



    

11 Are the costs translatable to your 

setting? 

√  

    

12 Is it worth doing in your setting? √  

    

*Available from: http://www.casp-uk.net/casp-tools-checklists 
¥Adapted from: Drummond MF, Stoddart GL, Torrance GW. Methods for the economic evaluation of health care programmes. Oxford: Oxford 
University Press, 1987 
 



Appendix 3.20: Quality assessment results of Hadzijahic et al (2000) 

Quality 

Criterion 

Economic modelling checklist 

questions* 

Response 

(√, x, NC or 

NA) 

Comments 

(i.e. a description that explains how the judgement was reached) 

S1 Is there a clear statement of the 

decision problem? 

√ Studies found that CT is sensitive for distant metastases but less sensitive 

than EUS for T4 disease and celiac node involvement. The decision problem 

is not known whether initial CT or EUS costs less to diagnose advanced 

oesophageal cancer. 

 Is the objective of the evaluation 

and model specified and consistent 

with the stated decision problem? 

√ The objective is to perform a cost-minimization analysis by using a decision 

model to determine whether it is less costly to request CT or EUS first to 

identify advanced disease and to determine which variables most affect the 

overall cost of identifying advanced disease. 

 Is the primary decision-maker 

specified? 

NC The primary decision-maker is assumed to be the local referral center but 

this was not explicitly specified. 

    

S2 Is the perspective of the model 

stated clearly? 

x Not stated explicitly but it seems local referral center perspective. 

 Are the model inputs consistent 

with the stated perspective? 

NC  



 Has the scope of the model been 

stated and justified? 

√ The scope of the decision tree model has been stated and justified – A 

decision model compared the costs of the two strategies. Each strategy 

(EUS first or CT first strategy) in the decision tree started once an 

oesophageal cancer was diagnosed endoscopically. EUS may or may not 

require dilation/ Initial CT or initial EUS may show advanced (T4 and/or M1) 

or not advanced disease. If either CT or EUS does not show advanced 

disease, the alternative test was performed. 

 Are the outcomes of the model 

consistent with the perspective, 

scope and overall objective of the 

model? 

√ The outcomes (1) which strategy could find advanced disease more 

frequently, and (2) which strategy is the least costly strategy reflects the 

scope and overall objective of the model. It is not clear whether the 

outcomes of the model consistent with the perspective, this is because it 

didn’t specified the perspective. However, it seems local referral center 

perspective. If that’s the case, the outcomes would seem reflecting the 

perspective of local referral center. 

    

S3 Is the structure of the model 

consistent with a coherent theory 

of the health condition under 

evaluation? 

√ The structure of the model is consistent with the staging algorithm for 

finding advanced disease in patients with oesophageal cancer as classified 

by AJCC (American Joint Commission on Cancer). 



 Are the sources of data used to 

develop the structure of the model 

specified? 

√ The authors specified the sources of data – 

1. Probabilities of finding advanced disease and of requiring dilation 

were obtained from 124 consecutive patients with oesophageal 

cancer from their institution who underwent both CT and EUS.] 

2. Costs data (EUS (with or without dilation and/or FNA) and CT) used 

1999 direct hospital costs i.e. local hospital/institutional costs. 

 Are the causal relationships 

described by the model structure 

justified appropriately? 

NA - 

    

S4 Are the structural assumptions 

transparent and justified? 

√ The structural assumptions are transparent and justified –  

1. It was assumed that CT and EUS results were correct. This is because 

the aim of the study was to study the short-term outcomes (yes or 

no advanced disease found) that would result from decisions based 

on CT and EUS results when staging is performed to look for 

advanced disease but not to compare the accuracy of CT with that of 

EUS. 

2. Secondly, the model assumed that the latest small diameter 

echoendoscopes are used; therefore, the risk of perforation was not 

included in the decision tree. 



 Are the structural assumptions 

reasonable given the overall 

objective, perspective and scope of 

the model? 

√ Yes reasonable. 

    

S5 Is there a clear definition of the 

options under evaluation? 

√ The definition of both the EUS or CT first strategies was given. 

 

Each strategy started after oesophageal cancer was diagnosed 

endoscopically. 

1. EUS first strategy – In the EUS first strategy, dilation might or might 

not be required and the probability of finding advanced disease 

could differ depending on whether dilation is required. If EUS 

showed advanced disease, no further testing was required; if not, CT 

was performed. Liver metastases were not sought during EUS. 

2. CT first strategy – In the CT first strategy, EUS (with or without 

dilation) was required only if CT failed to demonstrate unresectable 

disease i.e. advanced disease. 

 Have all feasible and practical 

options been evaluated? 

√ It seems not all possible staging strategies been evaluated e.g. PET, 

laparoscopy but it’s hard to say for this case. This is because this study 

aimed to assess which initial staging strategy is less costly for detecting 



advanced disease in oesophageal cancer patients. And therefore maybe due 

to this reason and for achieving the aim of the study, only CT and EUS was 

evaluated for initial staging strategy as to which one is less costly. 

 

With regard to costs, indirect costs for CT and EUS (e.g. cost of time off from 

work, hospital parking, etc.) were excluded from the model because they 

were considered comparable seeing that in clinical practice EUS is rarely 

performed immediately after the initial diagnostic endoscopy which if this 

happens this could reduce indirect costs associated with EUS. 

 Is there justification for the 

exclusion of feasible options? 

NA - 

    

S6 Is the chosen model type 

appropriate given the decision 

problem and specified causal 

relationships within the model? 

√ Decision tree model demonstrates the staging sequences for each initial 

staging strategy (EUS first or CT first). The chosen model type (decision tree 

model) seems appropriate given the aim is to find out which of these two 

initial staging is least costly in detecting advanced disease in patients with 

oesophageal cancer.  

Causal relationships are not relevant. 

    



S7 Is the time horizon of the model 

sufficient to reflect all important 

differences between options? 

x Though the authors explained the sequence of each staging option in 

finding advanced disease after oesophageal cancer was diagnosed 

endoscopically, it did not specify as to what is the time horizon of the model 

which it may span days or weeks or months. 

 Are the time horizon of the model, 

the duration of treatment and the 

duration of treatment effect 

described and justified? 

x The time horizon of the decision tree model is not specified. Also, none 

specified for the duration of treatment and the duration of treatment effect 

as I think these are not applicable for the study’s model. This is because the 

decision tree model was designed to reflect the initial staging strategy for 

detecting advanced disease in patients diagnosed endoscopically with 

oesophageal cancer. 

    

S8 Do the disease states (state 

transition model) or the pathways 

(decision tree model) reflect the 

underlying biological process of the 

disease in question and the impact 

of interventions? 

√ Decision tree pathways reflect the impact of finding out which of the two 

initial staging strategies (EUS first or CT first) would cost less to detect 

advanced disease in patients diagnosed endoscopically with oesophageal 

cancer. 

    



S9 Is the cycle length defined and 

justified in terms of the natural 

history of disease? 

NA - 

    

D1 Are the data identification methods 

transparent and appropriate given 

the objectives of the model? 

√ The probabilities and costs data identification methods are transparent and 

appropriate given the objectives of the model. The details of probabilities 

and costs identification methods are described as below –  

Probabilities – Initial probabilities of finding advanced disease and of 

requiring dilation were obtained from 124 consecutive patients with 

oesophageal cancer from their institution who underwent both CT and EUS. 

Staging results, presenting symptoms, laboratory results, and endoscopic 

tumor characteristics were obtained retrospectively. 

Costs – Procedural costs for EUS and dilation included 1999 direct hospital 

costs for sedation, monitoring, nursing, nonreusable supplies and 

equipment, and physician fees were all presented in Table 1. EUS-FNA cost 

included the cost of diagnostic EUS plus the costs of a disposable FNA 

needle and a fee for cytologic interpretation. EUS (with or without dilation 

and/or FNA) and CT are both outpatient procedures. Similar to EUS and 

dilation costs, CT cost was also used 1999 direct hospital costs. 



 Where choices have been made 

between data sources, are these 

justified appropriately? 

NA - 

 Has particular attention been paid 

to identifying data for the 

important parameters in the 

model? 

√ Particular attention has been paid to identifying advanced disease data.  

Definitions for advanced disease were given according to the AJCC criteria; 

the detections of advanced disease by CT or EUS were clearly defined –  

For CT, this was defined as radiologic evidence of distant metastases to 

solid organs or celiac lymph nodes (M1) and/or invasion of adjacent solid 

organs (T4). Cytologic confirmation was not required for M1 disease 

detected by CT. 

For EUS, advanced disease was defined as cytologically positive celiac lymph 

nodes (M1) and/or invasion of adjacent solid organs (T4). 

 Has the quality of the data been 

assessed appropriately? 

x Not specified 

 Where expert opinion has been 

used, are the methods described 

and justified? 

NA - 

    



D2 Is the data modelling methodology 

based on justifiable statistical and 

epidemiological techniques? 

√ Yes, the data modelling methodology is based on justifiable statistical 

techniques. Statistical techniques used were specified – 

1. Variables analysed for univariate associations were listed; 

2. Stepwise multiple logistic regression analysis was used to identify 

significant predictor variables of advanced disease.  

The decision model suggests that the variables that are most likely to affect 

the overall cost of identifying advanced disease are, in descending order of 

importance, (1) the relative costs of EUS and CT, (2) the probability of 

finding advanced disease by EUS (with or without dilation), and (3) the 

probability of finding advanced disease by CT (as shown in Figure 2). All 

other variables had little or no effect on overall costs (Figure 2). 

    

D2a Is the choice of baseline data 

described and justified? 

√ The paper did not explicitly describe and justify the choice of baseline data 

for the decision tree. The paper mentioned about initial input data and all 

initial input key variables data were presented in Table 2. The initial model 

inputs were based on data from a consecutive series of patients with 

oesophageal cancer seen at the authors’ institution. Because of the referral 

center population is likely not representative of all practice settings, the 

authors undertook sensitivity analysis and threshold analysis to provide 



results that can be applied in other settings. Therefore, I think the initial 

input data means baseline data in this paper. 

 Are transition probabilities 

calculated appropriately? 

NA  

 Has a half-cycle correction been 

applied to both cost and outcome? 

NA  

 If not, has this omission been 

justified? 

NA  

    

D2b If relative treatment effects have 

been derived from trial data, have 

they been synthesised using 

appropriate techniques? 

NA  

 Have the methods and assumptions 

used to extrapolate short-term 

results to final outcomes been 

documented and justified? 

NA  

 Have alternative assumptions been 

explored through sensitivity 

analysis? 

√ Because the initial model inputs were based on data from patients seen at 

the author’s institution and this is likely not representative of all practice 



settings, sensitivity analysis and threshold analysis were used to provide 

results that can be applied in other settings. 

 Have assumptions regarding the 

continuing effect of treatment once 

treatment is complete been 

documented and justified?  

NA  

 Have alternative assumptions 

regarding the continuing effect of 

treatment been explored through 

sensitivity analysis? 

NA  

    

D2c Are the costs incorporated into the 

model justified? 

√ Yes, the costs incorporated into the model are justified: EUS costs (with or 

without dilation and/or FNA) and CT costs. 

 Has the source for all costs been 

described? 

√ These costs were sourced from 1999 direct hospital costs i.e. local 

hospital/institutional costs (as shown in Table 1). 

 

 Have discount rates been described 

and justified given the target 

decision-maker? 

NC  

    



D2d Are the utilities incorporated into 

the model appropriate? 

NA Utilities were not evaluated for the model of the study as it’s a cost-

minimisation analysis and not a cost-utility analysis, thus, incorporating 

utilities into the model is not appropriate in this study.  

 Is the source for the utility weights 

referenced? 

NA - 

 Are the methods of derivation for 

the utility weights justified? 

NA - 

    

D3 Have all data incorporated into the 

model been described and 

referenced in sufficient detail? 

NC Probabilities and costs data incorporated into the decision tree model have 

been described and presented in Table 2 in the paper but not explicitly 

cleared. 

 Has the use of mutually 

inconsistent data been justified (i.e. 

are assumptions and choices 

appropriate)? 

NC  

 Is the process of data incorporation 

transparent? 

√ They explained that for the stepwise multiple logistic regression analysis 

procedure, the independent variables were added to the model one at a 

time. In the final model, variables were removed if the retention criterion of 

p≤0.05 was not met. No details as to whether data incorporated as 

distributions and/or as point estimates. 



 If data have been incorporated as 

distributions, has the choice of 

distribution for each parameter 

been described and justified? 

NA  

 If data have been incorporated as 

distributions, is it clear that second 

order uncertainty is reflected? 

NA  

    

D4 Have the four principal types of 

uncertainty been addressed? 

x Not specified 

 If not, has the omission of particular 

forms of uncertainty been justified? 

x Not specified 

    

D4a Have methodological uncertainties 

been addressed by running 

alternative versions of the model 

with different methodological 

assumptions? 

x Not specified 

    



D4b Is there evidence that structural 

uncertainties have been addressed 

via sensitivity analysis? 

x Not specified. 

    

D4c Has heterogeneity been dealt with 

by running the model separately for 

different subgroups? 

x Model ran for all patients with oesophageal cancer.  

    

D4d Are the methods of assessment of 

parameter uncertainty 

appropriate? 

√ Sensitivity analysis and threshold analysis were used to provide results that 

can be applied in other settings. All key variables were addressed in 

sensitivity analyses under all possible ranges of value.  

 If data are incorporated as point 

estimates, are the ranges used for 

sensitivity analysis stated clearly 

and justified? 

NC The ranges used for sensitivity analysis are stated clearly and presented in 

Table 2 in the paper. But, no justification as to why and how the ranges are 

chosen. 

    

C1 Is there evidence that the 

mathematical logic of the model 

has been tested thoroughly before 

use? 

x  Not specified. 



    

C2 Are any counterintuitive results 

from the model explained and 

justified? 

NA The decision model results do not appear to be counterintuitive. 

 If the model has been calibrated 

against independent data, have any 

differences been explained and 

justified? 

NA  

 Have the results of the model been 

compared with those of previous 

models and any differences in 

results explained? 

x No previous models are specified; no comparison of results with previous 

models is made. 

    

*Available from: Philips Z, Ginnelly L, Sculpher M, Claxton K, Golder S, Riemsma R, Woolacott N and Glanville J. Review of guidelines for good 
practice in decision-analytic modelling in health technology assessment. Health Technol Assess 2004;8(36). 
 
 



Appendix 3.21: Quality assessment results of Harewood and Wiersema (2002) 

Quality 

Criterion 

Economic modelling checklist 

questions* 

Response 

(√, x or NA) 

Comments 

(i.e. a description that explains how the judgement was reached) 

S1 Is there a clear statement of the 

decision problem? 

√ The economic impact of endoscopic ultrasound (EUS) with guided fine 

needle aspiration (FNA) staging strategy of suspicious lymph nodes has not 

yet been described. 

 Is the objective of the evaluation 

and model specified and consistent 

with the stated decision problem? 

√ The objective of the study is to compare the costs of EUS-FNA, CT-guided 

FNA, and surgery in the management of oesophageal tumours using a 

decision analysis model. A cost-minimisation approach was employed and 

undertaken from the third party payer perspective. 

 Is the primary decision-maker 

specified? 

√ Third party payer  

    

S2 Is the perspective of the model 

stated clearly? 

√ The model took the third party payer perspective 

 Are the model inputs consistent 

with the stated perspective? 

√ Yes, the model inputs are consistent with the stated perspective. The 

decision tree has three main branches represent the management options: 

a) obtain CT-guided biopsy of any suspicious-appearing CLNs detected on 

CT, b) obtain EUS with FNA of any suspicious-appearing CLNs, or c) proceed 

directly to surgery. 



 Has the scope of the model been 

stated and justified? 

√ The scope of the decision tree model has been stated and justified to 

quantitate the relative financial value of the addition of EUS-FNA of CLNs to 

the preoperative evaluation of a patient with apparently “resectable” 

oesophageal cancer on CT. 

 

 Are the outcomes of the model 

consistent with the perspective, 

scope and overall objective of the 

model? 

√ Yes, the outcomes of the model are consistent with the perspective, scope 

and overall objective of the model. The outcomes are to find out which of 

the three management options (CT-FNA, EUS-FNA or surgery) is least costly 

strategy. 

    

S3 Is the structure of the model 

consistent with a coherent theory 

of the health condition under 

evaluation? 

√ The structure of the model is consistent with the staging algorithm for 

finding advanced disease (detection of metastatic CLNs) in patients with 

oesophageal cancer. 

 Are the sources of data used to 

develop the structure of the model 

specified? 

√ The authors specified the sources of data – 

3. The probabilities were obtained from an extensive literature search. 

The probabilities for EUS-FNA and CT-guided FNA sensitivity were 

obtained from studies that had similar patient characteristics (i.e. 

patients with non-metastatic oesophageal cancer). 



4. Costs data – The cost of a medical procedure varies with the 

perspective taken. Direct medical costs were estimated from the 

Medicare ambulatory patient classification (APC) plus professional 

fees for hospital-based outpatient procedures and are shown in 

Table 2. Direct costs were used in preference to charges or total 

costs because they reflect true resource utilisation better and tend 

to be more generalizable. 

 Are the causal relationships 

described by the model structure 

justified appropriately? 

NA - 

    

S4 Are the structural assumptions 

transparent and justified? 

√ The structural assumptions are transparent and justified –  

3. It was assumed that patients referred for either EUS-FNA or CT-

guided FNA are assumed to have the same comorbidities, and all 

other diagnostic and additional clinical decision making is assumed 

to be similar. 

4. Pathology interpretation costs are not included because these are 

also assumed similar in all arms. 



5. The cost of combined chemotherapy is not taken into account as the 

proportion of early and advanced tumours in each management arm 

is similar. 

6. It is assumed that enlarged CLNs detected on CT will be visualised by 

EUS because its sensitivity is significantly better than that of CT for 

detection of nodal metastases. 

7. The positive predictive value of a cytological finding of malignancy is 

assumed to be 100% for both EUS-FNA and CT-guided FNA. 

8. The morbidity and long term side effects of radiation or 

chemotherapy were not included in the primary analysis as these 

remain poorly quantified. 

9. The complication rates of EUS-FNA, CT-guided FNA, and exploratory 

laparotomy were considered to be small, having negligible effects on 

model results and were excluded to simply the model. 

 Are the structural assumptions 

reasonable given the overall 

objective, perspective and scope of 

the model? 

√ Yes reasonable. 

    



S5 Is there a clear definition of the 

options under evaluation? 

√ The definition of three management options was given. 

 

Each strategy started after patient has undergone CT of the abdomen and 

thorax and has been deemed to have a resectable oesophageal tumour, 

based on T and M stages (except in the case of celiac nodal involvement, 

which, by strict definition, qualifies as stage M1). The authors mentioned 

that they have disregarded the N stage as determined by CT because CT 

sensitivity for nodal metastases has been demonstrated to be poor. 

3. First management option – Obtain CT-guided biopsy of any 

suspicious-appearing CLNs detected on CT. 

4. Second management option – Obtain EUS with FNA of any 

suspicious-appearing CLNs, or 

5. Third management option – Proceed directly to surgery. 

 Have all feasible and practical 

options been evaluated? 

√ It seems not all possible staging strategies been evaluated e.g. PET, 

laparoscopy but it’s hard to say for this case. This is because this study 

aimed to assess which initial preoperative staging strategy is least costly for 

detecting advanced disease (malignant celiac lymph node) in oesophageal 

cancer patients. And therefore maybe due to this reason and for achieving 

the aim of the study, CT-guided FNA, EUS-FNA were evaluated for initial 



preoperative staging strategy and compared them to ‘proceed directly to 

surgery’ to evaluate which management option is least costly. 

 

 Is there justification for the 

exclusion of feasible options? 

NA - 

    

S6 Is the chosen model type 

appropriate given the decision 

problem and specified causal 

relationships within the model? 

√ Decision tree model demonstrates the preoperative staging management 

options and the clinical consequences of making the choice of each 

management option (CT-FNA or EUS-FNA or proceed directly to surgery). 

The chosen model type (decision tree model) seems appropriate given the 

aim is to find out which of the three management options is least costly in 

detecting malignant CLNs in patients with apparently ‘resectable’ 

oesophageal cancer on CT.  

Causal relationships are not relevant. 

 

    

S7 Is the time horizon of the model 

sufficient to reflect all important 

differences between options? 

x Though the paper aimed to look at the relative financial value of the 

addition of EUS FNA of CLNs to the preoperative evaluation of a patient 

with apparently “resectable” oesophageal cancer on CT, it did not specify as 



to what is the time horizon of the model used, which this may span days, 

weeks or months. 

 Are the time horizon of the model, 

the duration of treatment and the 

duration of treatment effect 

described and justified? 

x The time horizon of the decision tree model is not specified. Also, none was 

specified for the duration of treatment and the duration of treatment effect 

as these are not applicable for the study’s model. This is because the 

decision tree model was designed to model the relative financial value of 

diagnostic management options for patients with apparently “resectable” 

oesophageal cancer on CT. 

    

S8 Do the disease states (state 

transition model) or the pathways 

(decision tree model) reflect the 

underlying biological process of the 

disease in question and the impact 

of interventions? 

√ The pathways of the decision tree model presented in the paper do reflect 

the impact of finding out which of the three management options (CT-

guided FNA, EUS-FNA and ‘proceed directly to surgery’) is least costly to the 

preoperative evaluation of a patient with apparently “resectable” 

oesophageal cancer on CT.  

    

S9 Is the cycle length defined and 

justified in terms of the natural 

history of disease? 

NA - 

    



D1 Are the data identification methods 

transparent and appropriate given 

the objectives of the model? 

NC The probabilities and costs data identification methods are transparent and 

appropriate given the objectives of the model. The details of probabilities 

and costs identification methods are described as below –  

Probabilities – The probabilities were obtained from an extensive literature 

search. The probabilities for EUS FNA and CT-guided FNA sensitivity were 

obtained from studies that had similar patient characteristics (i.e. patients 

with nonmetastatic oesophageal cancer). 

Costs – Direct medical costs were estimated from the Medicare ambulatory 

patient classification (APC) plus professional fees for hospital-based 

outpatient procedures and are outlined in Table 2. 

 

Although all papers used to gather data are presented, it is not clear if they 

were found through a systematic review or chosen at random/purposefully. 

 

 Where choices have been made 

between data sources, are these 

justified appropriately? 

√ The authors explained that direct costs were used in preference to charges 

or total costs because they reflect true resource utilisation better and tend 

to be more generalizable. The authors further explained that indirect health 

and institutional costs such as the cost to society for lost work, quality of 

life, and institutional administration or maintenance of buildings were not 

included. Also, the authors noted that the costs represent the average 



payments allowed for each coded procedure by the United States Center 

for Medicare and Medicaid Services during the fiscal year 2001. 

Reimbursement by DRG codes is based on the average length of stay for 

patients with a given diagnosis. Costs involved in the original diagnosis were 

not included. Discounting was not performed as the evaluation of a patient 

with oesophageal cancer takes only several days. 

 

 Has particular attention been paid 

to identifying data for the 

important parameters in the 

model? 

√ Yes, the authors seem to pay particular attention to identifying data for 

EUS-FNA sensitivity.  

 Has the quality of the data been 

assessed appropriately? 

x Not specified 

 Where expert opinion has been 

used, are the methods described 

and justified? 

NA - 

    

D2 Is the data modelling methodology 

based on justifiable statistical and 

epidemiological techniques? 

NC Not clear. The authors only mentioned that they used the DATA 3.5 

(TreeAge Software) software package to model their decision analysis. 



    

D2a Is the choice of baseline data 

described and justified? 

√ Baseline probability of all the variables used in the decision tree model is 

described and presented in Table 1. Amongst the variables presented in 

Table 1, only the variable ‘EUS-FNA sensitivity’ data is justified. 

 Are transition probabilities 

calculated appropriately? 

NA  

 Has a half-cycle correction been 

applied to both cost and outcome? 

NA  

 If not, has this omission been 

justified? 

NA  

    

D2b If relative treatment effects have 

been derived from trial data, have 

they been synthesised using 

appropriate techniques? 

NA  

 Have the methods and assumptions 

used to extrapolate short-term 

results to final outcomes been 

documented and justified? 

NA  



 Have alternative assumptions been 

explored through sensitivity 

analysis? 

√ Yes, baseline probabilities were varied through plausible ranges using 

sensitivity analysis.  

 Have assumptions regarding the 

continuing effect of treatment once 

treatment is complete been 

documented and justified?  

NA  

 Have alternative assumptions 

regarding the continuing effect of 

treatment been explored through 

sensitivity analysis? 

NA  

    

D2c Are the costs incorporated into the 

model justified? 

√ Yes, the costs incorporated into the model are justified and presented in 

Table 2. 

 Has the source for all costs been 

described? 

√ Outpatient costs – Direct medical costs were estimated from the Medicare 

ambulatory patient classification (APC) plus professional fees for hospital-

based outpatient procedures and are presented in Table 2. 

 



Inpatient costs – Diagnosis Related Groups (DRGs) costs were used for 

hospital inpatient services cost plus professional fees and are presented in 

Table 2. 

 

 Have discount rates been described 

and justified given the target 

decision-maker? 

NA Discounting was not performed as the evaluation takes only several days. 

    

D2d Are the utilities incorporated into 

the model appropriate? 

NA Utilities were not evaluated for the model of the study as it’s a cost-

minimisation analysis and not a cost-utility analysis, thus, incorporating 

utilities into the model is not appropriate in this study.  

 Is the source for the utility weights 

referenced? 

NA - 

 Are the methods of derivation for 

the utility weights justified? 

NA - 

    

D3 Have all data incorporated into the 

model been described and 

referenced in sufficient detail? 

√ Probabilities and costs data incorporated into the decision tree model have 

been described accordingly in detail and all are presented in Table 1 and 

Table 2 in the paper. 



 Has the use of mutually 

inconsistent data been justified (i.e. 

are assumptions and choices 

appropriate)? 

NC  

 Is the process of data incorporation 

transparent? 

x Not specified 

 If data have been incorporated as 

distributions, has the choice of 

distribution for each parameter 

been described and justified? 

NA  

 If data have been incorporated as 

distributions, is it clear that second 

order uncertainty is reflected? 

NA  

    

D4 Have the four principal types of 

uncertainty been addressed? 

x Not specified 

 If not, has the omission of particular 

forms of uncertainty been justified? 

x Not specified 

    



D4a Have methodological uncertainties 

been addressed by running 

alternative versions of the model 

with different methodological 

assumptions? 

x  

    

D4b Is there evidence that structural 

uncertainties have been addressed 

via sensitivity analysis? 

x Not specified. 

    

D4c Has heterogeneity been dealt with 

by running the model separately for 

different subgroups? 

x Model ran for all patients with apparently “resectable” oesophageal cancer 

on CT.  

    

D4d Are the methods of assessment of 

parameter uncertainty 

appropriate? 

√ All key variables were addressed in sensitivity analyses under all possible 

ranges of value. 

1. One-way sensitivity analysis varying prevalence of malignant CLNs, 

2. One-way sensitivity analysis varying sensitivity of EUS-FNA, and 

3. Two-way sensitivity analysis varying prevalence of malignant CLNs and 

sensitivity of EUS-FNA simultaneously. 



 

 If data are incorporated as point 

estimates, are the ranges used for 

sensitivity analysis stated clearly 

and justified? 

√ The ranges used for sensitivity analysis are stated clearly and presented in 

Table 1 in the paper. Justification for the range of EUS-FNA sensitivity was 

described. 

    

C1 Is there evidence that the 

mathematical logic of the model 

has been tested thoroughly before 

use? 

x Not specified. 

    

C2 Are any counterintuitive results 

from the model explained and 

justified? 

NA  

 If the model has been calibrated 

against independent data, have any 

differences been explained and 

justified? 

NA  

 Have the results of the model been 

compared with those of previous 

X No previous models are specified; no comparison of results with previous 

models is made. 



models and any differences in 

results explained? 

    

*Available from: Philips Z, Ginnelly L, Sculpher M, Claxton K, Golder S, Riemsma R, Woolacott N and Glanville J. Review of guidelines for good 
practice in decision-analytic modelling in health technology assessment. Health Technol Assess 2004;8(36). 
 
 



Appendix 3.22: Quality assessment results of Wallace et al (2002) 

Quality 

Criterion 

Economic modelling checklist 

questions* 

Response 

(√, x or NA) 

Comments 

(i.e. a description that explains how the judgement was reached) 

S1 Is there a clear statement of the 

decision problem? 

√ The decision problem is currently not known which of the available 

procedures (CT, EUS-FNA, TL and PET) or which combinations of these 

procedures offers the most cost-effective approach for the detection of 

locally advanced or metastatic disease for patients with oesophageal 

cancer. 

 Is the objective of the evaluation 

and model specified and consistent 

with the stated decision problem? 

√ The objective of the model is to compare the costs and effectiveness of six 

strategies for staging patients with oesophageal cancer: CT alone, CT+EUS-

fine-needle aspiration biopsy (FNA), CT+thoracoscopy and laparoscopy (TL), 

CT+EUS-FNA+TL, CT+PET+EUS-FNA, and PET+EUS-FNA. 

 Is the primary decision-maker 

specified? 

√ Third party payer, Medicare 

    

S2 Is the perspective of the model 

stated clearly? 

√ The model was based on a third-party payer perspective. 

 Are the model inputs consistent 

with the stated perspective? 

√ Inputs relate to the test characteristics for each of the staging techniques; 

the prevalence of local, regional, and distant disease among patients with 

oesophageal cancer; life expectancies for oesophageal cancer patients with 



local, regional, and distant disease; costs associated with the different 

staging techniques; costs associated with the treatment and care of 

patients identified as having local, regional, and distant disease; and 

probability of death for patients undergoing TL and those undergoing 

oesophageal resection. 

 Has the scope of the model been 

stated and justified? 

√ Type of patients and staging strategies options were stated within the 

objectives. Assumption was made that staging tests were performed 

sequentially in each strategy case, along with justification for no further 

staging was performed if distant metastases were found and confirmed. 

 Are the outcomes of the model 

consistent with the perspective, 

scope and overall objective of the 

model? 

√ Outcomes: costs and life expectancies 

    

S3 Is the structure of the model 

consistent with a coherent theory 

of the health condition under 

evaluation? 

√ The structure of the model reflects the clinical algorithm for the 

management of oesophageal cancer patients, which the staging algorithm 

was specified according to the protocol. 

 



 Are the sources of data used to 

develop the structure of the model 

specified? 

√ Data used to develop the structure of the model came from several sources, 

which are specified in Table 1. 

 Are the causal relationships 

described by the model structure 

justified appropriately? 

NA - 

    

S4 Are the structural assumptions 

transparent and justified? 

√ It was assumed that staging tests were performed sequentially in each of 

the six staging strategies and the staging algorithm was specified according 

to the protocol. And if distant metastases were found and confirmed, no 

further staging was performed. 

 Are the structural assumptions 

reasonable given the overall 

objective, perspective and scope of 

the model? 

√ Yes reasonable. 

    

S5 Is there a clear definition of the 

options under evaluation? 

√ All six strategies details are given. 



 Have all feasible and practical 

options been evaluated? 

√ Seems to be the six strategies are all the possible staging strategies for 

management of oesophageal cancer patients, although without the clinical 

knowledge of the area it’s hard to say. 

 Is there justification for the 

exclusion of feasible options? 

NA - 

    

S6 Is the chosen model type 

appropriate given the decision 

problem and specified causal 

relationships within the model? 

√ Decision tree model represents the sequences of combinations of each of 

the six staging strategies incorporating: the prevalence of disease; life 

expectancies, costs associated with the different staging techniques, costs 

associated with the treatment and care of patients, probability of death for 

patients undergoing TL and oesophageal resection. Seems that the chosen 

model type is appropriate given the aim is to identify which of these or the 

combinations of these staging strategies offers the most cost-effective 

approach in detecting oesophageal cancer (locally advanced or metastatic 

disease). 

    

S7 Is the time horizon of the model 

sufficient to reflect all important 

differences between options? 

x Cannot say as to what is the time horizon of the decision tree model from 

the paper though the authors mentioned that using the SEER-Medicare 

databases, a retrospective cohort was created consisting of all Medicare-



eligible patients whose invasive oesophageal cancer was diagnosed 

between January 1, 1991 and December 31, 1996. 

 Are the time horizon of the model, 

the duration of treatment and the 

duration of treatment effect 

described and justified? 

x The time horizon of the decision tree model are not specified. Also, none 

specified for the duration of treatment and the duration of treatment effect 

as I think these are not applicable for the study’s model as the decision tree 

model was designed to reflect the staging algorithm for the management of 

patients diagnosed with carcinoma of esophagus. 

    

S8 Do the disease states (state 

transition model) or the pathways 

(decision tree model) reflect the 

underlying biological process of the 

disease in question and the impact 

of interventions? 

√ Decision tree represents the staging algorithm that patients may follow 

when they are diagnosed with oesophageal cancer. 

    

S9 Is the cycle length defined and 

justified in terms of the natural 

history of disease? 

NA  

    



D1 Are the data identification methods 

transparent and appropriate given 

the objectives of the model? 

√ Test characteristics for the different staging procedures were derived from 

published literature (but didn’t specify whether systematic) and from a 

prospective study. Life expectancies were derived from 1973-1996 SEER 

data and separate life expectancies were derived from median survival 

times for patients in various stages at diagnosis as well as for patients who 

had and who had not been treated surgically for the disease. Costs 

associated with the different staging techniques and inpatient procedure 

for the diagnostically related group for TL with lymph node biopsy linked to 

the ICD-9 code for malignant oesophageal neoplasm were based on 

Medicare reimbursement. Outpatient procedure for EUS-FNA costs were 

based on the CPT (Current Procedural Terminology) code for EUS with FNA 

linked to the ICD-9 code for malignant oesophageal neoplasm. 

 Where choices have been made 

between data sources, are these 

justified appropriately? 

√ The reason as to why they estimated the mix of patients with and without 

comorbid conditions from surveys of patients undergoing staging for 

esophagus cancer at the Medical University of South Carolina over 1 year 

period was given – Surveys were carried out due to the fact that the 

Medicare inpatient reimbursement is higher for patients with comorbid 

conditions; the choice made between data sources seems to have been 

justified appropriately. 



 Has particular attention been paid 

to identifying data for the 

important parameters in the 

model? 

x Life expectancies data were derived from SEER and separate life 

expectancies data were derived from median survival times for patients in 

various stages at diagnosis and for who had and had not been treated 

surgically for the disease. A key uncertainty was found to be associated with 

the QALY values associated with patients with resected/unresected 

local/regional/distant disease. QALY values are based on expert opinion; no 

details are given regarding the expert panel or methods. 

 Has the quality of the data been 

assessed appropriately? 

x Not specified 

 Where expert opinion has been 

used, are the methods described 

and justified? 

x Expert opinion was used to identify quality of life utilities scores. No details 

are given regarding the expert panel or methods. 

    

D2 Is the data modelling methodology 

based on justifiable statistical and 

epidemiological techniques? 

√ Standard methods of cost-effectiveness analysis were used for the decision 

analysis 

    

D2a Is the choice of baseline data 

described and justified? 

√ All baseline values for the model variables came from several sources, as 

shown in Table 1 in the paper. 



 Are transition probabilities 

calculated appropriately? 

NA  

 Has a half-cycle correction been 

applied to both cost and outcome? 

NA  

 If not, has this omission been 

justified? 

NA  

    

D2b If relative treatment effects have 

been derived from trial data, have 

they been synthesised using 

appropriate techniques? 

NA  

 Have the methods and assumptions 

used to extrapolate short-term 

results to final outcomes been 

documented and justified? 

NA  

 Have alternative assumptions been 

explored through sensitivity 

analysis? 

√ It’s noted that all key variables for each model were subjected to sensitivity 

analyses to determine which variables had the greatest effects on the cost-

effectiveness measures for each strategy. 

 



 Have assumptions regarding the 

continuing effect of treatment once 

treatment is complete been 

documented and justified?  

NA  

 Have alternative assumptions 

regarding the continuing effect of 

treatment been explored through 

sensitivity analysis? 

NA  

    

D2c Are the costs incorporated into the 

model justified? 

√ Costs associated with management of patients with esophagus cancer were 

incorporated into the decision model (i.e. costs associated with the 

different staging techniques, and costs associated with the treatment and 

care of patients identified as having local, regional, and distant disease). 

 Has the source for all costs been 

described? 

√ All costs associated with management of patients with esophagus cancer 

were derived from SEER-Medicare linked databases. 

 Have discount rates been described 

and justified given the target 

decision-maker? 

√ Both a 0% and 3% discount rate were used to estimate costs. 

    



D2d Are the utilities incorporated into 

the model appropriate? 

√ Come directly from expert opinion. 

 Is the source for the utility weights 

referenced? 

x Not detailed 

 Are the methods of derivation for 

the utility weights justified? 

x Not detailed 

    

D3 Have all data incorporated into the 

model been described and 

referenced in sufficient detail? 

√ Described and referenced accordingly and all are presented in Table 1. 

 Has the use of mutually 

inconsistent data been justified (i.e. 

are assumptions and choices 

appropriate)? 

√ The paper justified why surveys data were used to determine what 

percentage was reimbursed at the rate for those patients with and without 

morbid conditions instead of taking it directly from Medicare inpatient 

reimbursement. The reason is because the Medicare reimbursement is 

higher for patients with comorbid conditions. 

 Is the process of data incorporation 

transparent? 

x Not detailed. 

 If data have been incorporated as 

distributions, has the choice of 

NA  



distribution for each parameter 

been described and justified? 

 If data have been incorporated as 

distributions, is it clear that second 

order uncertainty is reflected? 

NA  

    

D4 Have the four principal types of 

uncertainty been addressed? 

x Not specified 

 If not, has the omission of particular 

forms of uncertainty been justified? 

x Not specified 

    

D4a Have methodological uncertainties 

been addressed by running 

alternative versions of the model 

with different methodological 

assumptions? 

x Not specified 

    

D4b Is there evidence that structural 

uncertainties have been addressed 

via sensitivity analysis? 

x Not specified. 



    

D4c Has heterogeneity been dealt with 

by running the model separately for 

different subgroups? 

x Model ran for patients of all ages.  

    

D4d Are the methods of assessment of 

parameter uncertainty 

appropriate? 

√ All key variables were addressed in sensitivity analyses under all possible 

ranges of value. Ranges of value were used in sensitivity analyses to assess 

how they would affect the baseline results. 

 

 If data are incorporated as point 

estimates, are the ranges used for 

sensitivity analysis stated clearly 

and justified? 

√ The ranges used for sensitivity analysis are stated clearly and presented in 

Table 1 in the paper.  

    

C1 Is there evidence that the 

mathematical logic of the model 

has been tested thoroughly before 

use? 

x Not specified. 

    



C2 Are any counterintuitive results 

from the model explained and 

justified? 

NA  

 If the model has been calibrated 

against independent data, have any 

differences been explained and 

justified? 

NA  

 Have the results of the model been 

compared with those of previous 

models and any differences in 

results explained? 

 

x No previous models are specified; no comparison of results with previous 

models is made. 

*Available from: Philips Z, Ginnelly L, Sculpher M, Claxton K, Golder S, Riemsma R, Woolacott N and Glanville J. Review of guidelines for good 
practice in decision-analytic modelling in health technology assessment. Health Technol Assess 2004;8(36). 
 

 



Appendix 3.23: Published Systematic Review in BMC Cancer Journal (Full paper can be 

found at https://doi.org/10.1186/s12885-019-6116-0) 
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Appendices relating to Chapter 4 (Healthcare Professional Survey) 

 

 

 

 



Appendix 4.1: Invitation email written to invite GOC clinicians to partake in the online 
survey 
 
 
Dear BSG/WAGE members, 
Subject: Healthcare Professional Survey Goes Online: Use of EUS for Staging Gastro-
Oesophageal Cancer (GOC) – Approximately 10-minute Survey 
 
 
 
 
 
 
 
 
 
 
 
 
Despite the research evidence on EUS sensitivity, specificity, and its effectiveness and cost-

effectiveness, evidence on the utilisation of EUS in clinical practice is scarce. To date, only 

one US study exploring utilisation of EUS for staging oesophageal cancer has been 

performed. No UK study has ever been undertaken. 

 

You are kindly invited to partake in a survey investigating the utility of EUS in the UK. 

This survey is undertaken as part of my PhD study, funded by the Tenovus Cancer Care 

Charity. This survey aims to explore your views about…… 

• the utilisation of EUS for staging GOC (Gastro-Oesophageal Cancer – oesophageal, 

gastro-oesophageal junction or gastric cancer) 

• the current clinical practice of EUS for staging GOC in your practice  

• the usefulness of staging GOC with EUS 

• the availability of EUS for staging GOC within your practice or nearby your practice 

• how patient with oesophageal cancer is managed based upon small changes in 

tumour stage. 

This survey is voluntary and anonymous and I very much value your participation. To 
participate, please follow the link below. 
 
Link to the survey: https://bangor.onlinesurveys.ac.uk/healthcare-professionals-survey_eus 
 
 
 

 “I, Professor Stephen Attwood, the Chairman of Oesophageal Section of 
British Society Gastroenterology (BSG), am happy to support this survey 
through the offices of the BSG, as it is a topic of specific interest to the 
members of the BSG.”  

 This survey has gained support from Professor Stephen Attwood, the Chairman 
of Oesophageal Section of British Society Gastroenterology (BSG). 
Please see the support message from Professor Stephen Attwood in quotation 
mark below. 

          

             

 “I, Professor Stephen Attwood, the Chairman of Oesophageal Section of 
British Society Gastroenterology (BSG), am happy to support this survey 
through the offices of the BSG, as it is a topic of specific interest to the 
members of the BSG.”  

https://bangor.onlinesurveys.ac.uk/healthcare-professionals-survey_eus


If you have questions about this survey please contact; 
Seow Tien Yeo 
Survey coordinator & PhD student, 
Bangor University 
Email: s.t.yeo@bangor.ac.uk  
 
 

In recognition of time given to complete the survey (approx. 10 minutes), you will be offered 

to enter into a prize draw at the end of your completed survey. If you wish to be entered 

into a prize draw to win £100 Amazon voucher, please enter your email address at the end 

of your completed survey. 

 

Thank you very much in anticipation. 

 

Yours sincerely, 

Seow Tien Yeo 

Survey Coordinator and PhD Student, Bangor University. 

 

 
 

mailto:s.t.yeo@bangor.ac.uk


Appendix 4.2: Online healthcare professional survey on use of EUS for GOC staging 

 
 

 



 
 

 

 



 
 

 

 



 
 

 

 



 
 

 

 



 
 

 

 



 
 

 



 

 
 

 

 



 
 

 



 
 

 



 
 

 



 
 

 



 
 

 



 
 

 



 
 

 



 
 

 

 



Appendix 4.3: Ethical approval granted for the healthcare professional survey 

 
 

 



 

 

Appendices relating to Chapter 5 (Exploratory Study) 

 

 

 

 



Appendix 5.1: Approval granted from the Principal Investigator of the CLARITY trial for use of the CLARITY trial data as part of the 
exploratory study in Chapter 5 in this thesis  
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