
DOCTOR OF PHILOSOPHY

Evaluating Cost Effectiveness of Precision Cancer Medicine Approaches and The Economic
Burden of Colorectal Cancer

Henderson, Raymond

Award date:
2019

Awarding institution:
Queen's University Belfast

Link to publication

Terms of use
All those accessing thesis content in Queen’s University Belfast Research Portal are subject to the following terms and conditions of use

            • Copyright is subject to the Copyright, Designs and Patent Act 1988, or as modified by any successor legislation
            • Copyright and moral rights for thesis content are retained by the author and/or other copyright owners
            • A copy of a thesis may be downloaded for personal non-commercial research/study without the need for permission or charge
            • Distribution or reproduction of thesis content in any format is not permitted without the permission of the copyright holder
            • When citing this work, full bibliographic details should be supplied, including the author, title, awarding institution and date of thesis

Take down policy
A thesis can be removed from the Research Portal if there has been a breach of copyright, or a similarly robust reason.
If you believe this document breaches copyright, or there is sufficient cause to take down, please contact us, citing details. Email:
openaccess@qub.ac.uk

Supplementary materials
Where possible, we endeavour to provide supplementary materials to theses. This may include video, audio and other types of files. We
endeavour to capture all content and upload as part of the Pure record for each thesis.
Note, it may not be possible in all instances to convert analogue formats to usable digital formats for some supplementary materials. We
exercise best efforts on our behalf and, in such instances, encourage the individual to consult the physical thesis for further information.

Download date: 23. May. 2023

https://pure.qub.ac.uk/en/studentTheses/93c0adc0-652a-4486-a302-62f75af8fc62


A thesis submitted in fulfilment of 

the requirements for the degree of 

DOCTOR OF PHILOSOPHY IN HEALTH ECONOMICS 

by 

Raymond Hugo Henderson 

BSc (Hons) Biomedical Sciences 

MSc Stratified Medicine 

Evaluating Cost Effectiveness of Precision Cancer 

Medicine Approaches and The Economic Burden 

of Colorectal Cancer  

 

 

Queen’s Management School 

Queen’s University Belfast 

Northern Ireland 

July 2019 

  



ii 

Table of Contents 

Declaration 

Acknowledgements 

Abstract 

Presentations and publications 

Abbreviations 

 

1 Introduction ................................................................................... 1 

1.1 What is Precision Medicine? ......................................................................... 1 

1.2 The Precision Cancer Medicine Cost/Value Dilemma .................................. 6 

1.3 Measuring Pharmaceutical Effectiveness .................................................... 11 

1.4 Value-Based Pricing to Encourage Adoption of PCMs .............................. 13 

1.5 Why Colorectal Cancer?.............................................................................. 15 

1.6 What is Colorectal Cancer? ......................................................................... 15 

1.7 Colorectal Cancer: From Diagnosis to Treatment. ...................................... 19 

1.8 Additional Reasons to Investigate PCMs in CRC. ...................................... 23 

1.9 Intermittent CRC Therapy with PCMs. ....................................................... 25 

1.10 Why Cost-effectiveness Analysis is integral to the adoption of PCMs into 

clinical practice. ..................................................................................................... 27 

1.11 Aims of the Thesis ................................................................................... 27 

2 Molecular biomarkers and precision medicine in colorectal 

cancer: a systematic review of health economic analyses - Value for 

Money? ................................................................................................ 28 

2.1 Introduction ................................................................................................. 28 

2.2 Methods ....................................................................................................... 29 

 Scoping Search .............................................................................................. 29 

 Search Strategy .............................................................................................. 30 



iii 

 Study Selection .............................................................................................. 30 

 Mathematical Formulae employed ................................................................ 32 

2.3 Results ......................................................................................................... 33 

 Scoping Results ............................................................................................. 33 

 Study Selection .............................................................................................. 34 

 Data Extraction .............................................................................................. 34 

 Data Synthesis ............................................................................................... 36 

 Study Characteristics ..................................................................................... 36 

 Health Outcomes for each MBM ................................................................... 39 

 Type of Economic Evaluation undertaken for each MBM ............................ 40 

 Healthcare Perspective, Decision Model, and Time Horizon for each MBM 

evaluated ...................................................................................................................... 41 

 Discounting, and Health Utility for each MBM evaluated ............................. 44 

 Willingness to Pay Thresholds for each MBM evaluated .............................. 45 

 Sensitivity Analyses for each MBM evaluated .............................................. 45 

 Cost comparison of Anti-EGFR Therapy versus Chemotherapy or BSC ...... 46 

 Comparison of ICERs, No MBM versus MBM ............................................. 48 

 KRAS and BRAF guided chemotherapy costs with corresponding QALYs 

and ICERs .................................................................................................................... 48 

 Genetic heterogeneity within populations and its effect on CEA................... 48 

2.4 Discussion.................................................................................................... 49 

 DPYD Genotyping to Guide 5-FU and Capecitabine Treatment ................... 49 

 UGT1A1 Genotyping to Guide Irinotecan Treatment ................................... 50 

 RAS (KRAS and NRAS) and BRAF Genotyping to Guide Treatment ......... 50 

 Oncotype DX Gene Assay to Guide 5-FU and FOLFOX Treatment ............. 52 

 Previous systematic reviews of CEAs of precision medicine approaches in 

CRC ……………………………………………………………………………….52 

2.5 Conclusion ................................................................................................... 54 



iv 

3 Defining the Economic Burden of Colorectal Cancer Across 

Europe: Providing the Evidence for Strengthening Value-Based 

Cancer Systems. .................................................................................. 55 

3.1 Introduction ................................................................................................. 55 

3.2 Methods ....................................................................................................... 56 

 Healthcare expenditure .................................................................................. 56 

 Informal care costs ........................................................................................ 59 

 Productivity losses ......................................................................................... 60 

 Statistical analysis ......................................................................................... 61 

 Sensitivity analysis ........................................................................................ 61 

3.3 Results ......................................................................................................... 61 

 Analysis of the economic burden of CRC ..................................................... 61 

 Informal care costs ........................................................................................ 70 

 Productivity losses ......................................................................................... 70 

 Drivers and determinants of CRC healthcare costs ........................................ 70 

 Sensitivity analysis ........................................................................................ 70 

 Systemic Therapy .......................................................................................... 71 

 CRC Expenditure by Region, Resources and Survival .................................. 75 

 Costs comparisons: 2009 versus 2015 ........................................................... 77 

3.4 Discussion.................................................................................................... 77 

 Strengths and limitations ............................................................................... 79 

 Data Quality .................................................................................................. 81 

3.5 Conclusion ................................................................................................... 83 

4 Economic Burden of CRC, Supplementary Appendix .............. 84 

4.1 Supplementary Methods .............................................................................. 84 

 Health care utilization.................................................................................... 84 

 Healthcare unit costs...................................................................................... 87 

 Medication expenditure ................................................................................. 88 



v 

 Non-health care utilisation ............................................................................. 90 

4.2 Supplementary Figures .............................................................................. 101 

4.3 Supplementary Tables ............................................................................... 116 

5 Economic analysis of continuous versus intermittent cetuximab 

in KRAS wild-type patients with metastatic colorectal cancer: 

Delivering value at the right time. ................................................... 119 

5.1 Introduction ............................................................................................... 119 

5.2 Methods ..................................................................................................... 120 

 Overview ..................................................................................................... 120 

 Study population.......................................................................................... 121 

 Health utility, resource use and cost assessments ........................................ 122 

 Partition Survival Modelling ....................................................................... 123 

 Markov Chain Monte Carlo (MCMC) Simulation ....................................... 124 

 Scenario Analysis: Cetuximab replaced with Biosimilar at 70% of Costs ... 126 

 One-Way Sensitivity Analysis ..................................................................... 127 

 Cost Savings in 2015 Cohort ....................................................................... 127 

 Comparison of Survival Curves with Markov Trace ................................... 127 

5.3 Results ....................................................................................................... 127 

 PSM and MCMC simulation on Cost-effectiveness Plane........................... 131 

 Net Monetary Benefit .................................................................................. 136 

 Cost-Effective Acceptability Curve ............................................................. 137 

 Value of Information Analysis .................................................................... 138 

 Scenario Analysis: Cetuximab replaced with Biosimilar at 70% of Costs ... 139 

 One-Way Sensitivity Analysis ..................................................................... 141 

 Cost savings in 2015 Cohort ........................................................................ 141 

 Comparison of Survival Curves with Markov Trace ................................... 142 

5.4 Discussion.................................................................................................. 143 

 Strengths and Limitations ............................................................................ 145 



vi 

5.5 Conclusion ................................................................................................. 146 

6 Conclusion and Future Directions ............................................ 147 

6.1 Overview ................................................................................................... 147 

 Systematic Review. ..................................................................................... 148 

 Economic Burden of CRC ........................................................................... 149 

 Cost Minimization Analysis ........................................................................ 151 

6.2 Future Directions ....................................................................................... 152 

6.3 Is VBP the Solution to PCM Cost Problem? ............................................. 152 

 VBP: A Price Discrimination Manoeuvre ................................................... 153 

 Patient-Centred Outcomes Based Pricing .................................................... 153 

6.4 Increasing Precision as a Treatment Strategy ............................................ 155 

 Laparoscopic surgery................................................................................... 155 

 Precision radiotherapy. ................................................................................ 156 

 The Case for Reduced Dosing. .................................................................... 156 

 The case for genomic testing in PCM .......................................................... 157 

7 Shooting for the Moon Versus Flying too near the Sun: Crossing 

the Value Rubicon in Precision and Personalised Medicine for 

Cancer Care ...................................................................................... 158 

7.1 Shooting for the Moon – the role of Precision and Personalised Medicine in 

modern cancer care .............................................................................................. 158 

7.2 It’s not just drugs, you know – the role of PPM in enhancing radiotherapy 

and surgical cancer care ....................................................................................... 159 

7.3 Imatinib Mesylate: Poster Child for the PPM generation ......................... 160 

7.4 Flying too near the Sun: The escalating costs of cancer care .................... 160 

7.5 Cost, pricing and value: a triple edged sword ........................................... 161 

7.6 Conclusion ................................................................................................. 162 

8 Bibliography............................................................................... 164 

 



vii 

Table of Figures 

Figure 1-1 The process of precision medicine. ............................................................ 3 

Figure 1-2 Increasing precision and cost of cancer therapeutics. ................................ 4 

Figure 1-3 US cost of cancer drugs (2014 prices)........................................................ 7 

Figure 1-4 Precision medicines by disease area. ........................................................ 15 

Figure 1-5 Most Frequent Risk Factors Associated with CRC Incidence ................. 16 

Figure 1-6 Spread of CRC from bowel to lymph nodes to liver. ............................... 18 

Figure 1-7 CRC Five-Year Relative Survival ............................................................ 19 

Figure 1-8 How precision cancer medicine assists in selecting patients for therapy in 

CRC. ........................................................................................................................... 24 

Figure 1-9 Precision cancer medicine treatments and their targeting pathways in a 

colorectal cancer cell. ................................................................................................. 24 

Figure 1-10 Competitive Release of Resistance Subclones. ...................................... 26 

Figure 2-1 PRISMA Flow Diagram ........................................................................... 35 

Figure 3-1 Geographical spread of CRC costs across 33 European countries in 2015, 

adjusted by PPP. ......................................................................................................... 65 

Figure 3-2 Healthcare costs of CRC per capita and per case in 33 European countries 

in 2015, by healthcare service category, adjusted by PPP ......................................... 66 

Figure 3-3 Geographical spread of CRC survival and CRC costs as a percentage of 

total healthcare expenditure in 2015. ......................................................................... 80 

Figure 4-1 Tornado plot of results of sensitivity analysis on total costs of CRC in 

EUR-33, € billions, 2015. ........................................................................................ 101 

Figure 4-2 Healthcare costs of CRC per capita in EUR-33 in 2015, by healthcare 

service category. ....................................................................................................... 102 

Figure 4-3 Healthcare costs of CRC per prevalent case in EUR-33 in 2015, by 

healthcare service category. ..................................................................................... 103 

Figure 4-4 CRC costs per capita (€) versus GDP (443) per capita (€), PPP adjusted 

for hospital services (206). ....................................................................................... 104 

Figure 4-5 CRC costs per case (€) versus GDP per capita (€), PPP adjusted. ......... 105 

Figure 4-6 CRC costs per capita (€) (PPP adjusted) versus DALYs per 1,000 (444).

 .................................................................................................................................. 106 

Figure 4-7 CRC costs per case (€) (PPP adjusted) versus DALYs per 1,000. ......... 107 



viii 

Figure 4-8 CRC costs per capita (€) (PPP adjusted) versus CRC incidence (per 

1,000) (228). ............................................................................................................. 108 

Figure 4-9 CRC costs per capita (€) (PPP adjusted) versus CRC prevalence (per 

1,000). ...................................................................................................................... 109 

Figure 4-10 CRC costs per case (€) (PPP adjusted) versus CRC prevalence (per 

1,000). ...................................................................................................................... 110 

Figure 4-11 CRC costs per capita (€) (PPP adjusted) versus CRC mortality (114) (per 

1,000). ...................................................................................................................... 111 

Figure 4-12 CRC costs per case (€) (PPP adjusted) versus CRC mortality (per 1,000).

 .................................................................................................................................. 112 

Figure 4-13 CRC costs per capita (€) (PPP adjusted) versus 5-year net survival for 

CRC (111). ............................................................................................................... 113 

Figure 4-14 CRC costs per case (€) (PPP adjusted) versus 5-year net survival for 

CRC. ......................................................................................................................... 114 

Figure 5-1 Incremental cost-effectiveness plane...................................................... 121 

Figure 5-2 Schematic determining state membership in PSM models. ................... 123 

Figure 5-3 Markov model schematic. ...................................................................... 125 

Figure 5-4 Partitioned Survival Modelling – cost/QALY pairs on cost effectiveness 

plane. ........................................................................................................................ 132 

Figure 5-5 Partitioned Survival Model – incremental costs and QALYs on the cost-

effectiveness plane. .................................................................................................. 133 

Figure 5-6 Markov Chain Monte Carlo simulation – cost/QALY pairs on cost 

effectiveness plane. .................................................................................................. 134 

Figure 5-7 Markov Chain Monte Carlo simulation - incremental costs and QALYs on 

the cost-effectiveness plane...................................................................................... 135 

Figure 5-8 Net Monetary Benefit. ............................................................................ 136 

Figure 5-9 Cost-effective Acceptability Curve. ....................................................... 137 

Figure 5-10 Value of Information. ........................................................................... 138 

Figure 5-11 Partitioned Survival Modelling (Scenario analysis cetuximab at 70% of 

cost) – cost/QALY pairs on cost effectiveness plane............................................... 139 

Figure 5-12 Partitioned Survival Modelling – incremental costs and QALYs on the 

cost-effectiveness plane. .......................................................................................... 140 

Figure 5-13 Tornado diagram of one-way sensitivity analysis of costs for input 

parameters for models. ............................................................................................. 141 



ix 

Figure 5-14 Comparison of PSM survival curves and Markov trace....................... 142 

Figure 6-1 Association of annual excess costs by cancer per diagnosed case, with 5-

year relative survival ratio for cancer type. .............................................................. 150 

Figure 6-2 Uniform Pricing versus Value-Based Pricing. ....................................... 154 

 

  



x 

List of Tables 

Table 1-1 Staging in Colorectal Cancer ..................................................................... 17 

Table 1-2 Potential CRC drugs, mechanism of action, toxicities, and potential 

biomarkers. ................................................................................................................. 22 

Table 2-1 CRC therapies, their approval dates, acquisition costs, and MBMs. ......... 31 

Table 2-2 Screening Criteria and Study Design for Systematic Review ................... 32 

Table 2-3 Study characteristics, outcomes, and quality assessment of DPYD and 

UGT1A1 studies ......................................................................................................... 37 

Table 2-4 Study characteristics, outcomes, and quality assessment of BRAF and RAS 

(KRAS and NRAS) studies .......................................................................................... 38 

Table 2-5 Study characteristics, outcomes, and quality assessment of Oncotype DX 

studies ......................................................................................................................... 39 

Table 2-6 Methodological characteristics of DPYD and UGT1A1 studies ................ 42 

Table 2-7 Methodological characteristics of BRAF and RAS (KRAS and NRAS) 

studies. ........................................................................................................................ 43 

Table 2-8 Methodological characteristics of Oncotype DX study ............................. 43 

Table 2-9 Annual cost savings per patient of not using anti-EGFR therapy on 

KRASmut mCRC. ......................................................................................................... 47 

Table 2-10 Comparison of ICERs without and with MBMs for Chemotherapy. ...... 47 

Table 2-11 Comparison of ICERs without and with Biomarkers for Targeted 

Therapy. ..................................................................................................................... 47 

Table 2-12 KRAS and BRAF guided chemotherapy costs with corresponding 

QALYs and ICERs . ................................................................................................... 47 

Table 3-1 Sources used to obtain healthcare resource use, by category and country. 57 

Table 3-2 Sources used to obtain healthcare unit costs, by category and country ..... 58 

Table 3-3 Costs of CRC in in 33 European countries and proportion of healthcare 

costs, by country, 2015............................................................................................... 62 

Table 3-4 Average unit costs (€) in 33 European countries, by country, 2015. ......... 67 

Table 3-5 CRC-related resource units per 1,000 population in 33 European countries, 

by country, 2015......................................................................................................... 68 

Table 3-6 CRC non-targeted pharmaceutical costs and proportions 2015, by country 

and molecule, 2015 to first quarter of 2017 trends .................................................... 72 



xi 

Table 3-7 CRC targeted pharmaceutical costs and proportions 2015, by country and 

molecule, 2015 to first quarter of 2017 trends ........................................................... 74 

Table 3-8 Ranking of hospital related resources and their association with CRC 

survival and expenditure for 33 European countries.................................................. 76 

Table 3-9 Comparison of 2009 to 2015 CRC costs of hospital care and     

pharmaceuticals. ......................................................................................................... 78 

Table 4-1 Sources employed to obtain healthcare resource use, by category and 

country........................................................................................................................ 86 

Table 4-2 Sources used to obtain healthcare unit costs, by category and country. .... 89 

Table 4-3 Data used to calculate CRC informal care hours in 2015 for 33 European 

countries. .................................................................................................................... 93 

Table 4-4 Sources used to obtain morbidity losses, by country. ................................ 99 

Table 4-5 Multiple regression of CRC costs per capita against drivers and 

determinants of CRC costs ....................................................................................... 116 

Table 4-6 Multiple regression of CRC costs per case against drivers and determinants 

of CRC costs ............................................................................................................ 117 

Table 4-7 Multiple regression of CRC survival against hospital personnel, resources 

and activities............................................................................................................. 118 

Table 5-1 Matrix multiplication. .............................................................................. 126 

Table 5-2 Matrix for IC weekly transition probabilities used for Markov Chain 

Monte Carlo simulation............................................................................................ 128 

Table 5-3 Matrix for CC weekly transition probabilities used for Markov Chain 

Monte Carlo simulation............................................................................................ 128 

Table 5-4 Fixed model input values for Markov Chain Monte Carlo simulation and 

partitioned survival modelling. ................................................................................ 129 

Table 5-5 Costs per patient at the end of each treatment cycle, used to populate 

partition survival modelling. .................................................................................... 130 

Table 5-6 Variable input values for adverse effects due to drug toxicities. ............. 131 

Table 5-7 Overview of results from COIN-B trial and comparison to Markov trace 

results. ...................................................................................................................... 142 

 

  



xii 

Declaration 

I declare that the work presented in this thesis and its composition is based entirely on 

my own work and that all results and statements presented herein are correct to the 

best of my knowledge. None of the material in this thesis has been submitted for which 

a degree has been or will be conferred by any other university or institution, nor has 

this thesis already been submitted to obtain a degree by this university. 



xiii 

Acknowledgements 

Throughout the writing of this thesis I have received a great deal of support and 

assistance. I would like to thank my supervisors Declan French and Mark Lawler, who, 

aside from their respective expertise in Economics and Oncology, were my twin pillars 

of grace in Mathematics and the English Language (both which I was apt to abuse!). 

I would like to acknowledge Richard Sullivan at King’s College London, for his 

collaboration on several of papers. Mike Clarke for his advice on systematic reviews, 

Michel Coleman for suggesting the use of total prevalence figures, David Fisher for 

the clinical trial data, and both Mark Sculpher and Robert Heggie for guiding me 

towards partition survival modelling. I would also like to thank Rick Kaplan, Tim 

Maughan, Richard Adams, and Ajay Aggarwal for their advice and comments. 

I would like to thank all the staff at Queen’s Management School and the Centre for 

Cancer Research and Cell Biology who eased the administrative and technical burden, 

particularly to both Damian Mulholland, whose expertise was second to none, and to 

Jenni Byers, whose co-ordination of all the moving pieces between CCRCB and QMS 

ensured the success of this multi-disciplinary undertaking. And lest I forget my fellow 

PhD students at QMS, for their esprit de corps. In that spirit of fellowship, remember 

the sage words of J.R.R. Tolkien, ‘Not all those who wander are lost’. 

This PhD would not have been possible without funding from the Department for the 

Economy Northern Ireland research studentship, for which I am grateful. 

Thank you to my parents for always encouraging me to place value in education and 

for their support during this journey. 

Finally, where would I be without my editor, copyreader, sounding board, and loving 

wife, who made my thesis ‘Wendy-proof’. Wendy Golding Henderson, thank you for 

getting me back in the ‘game’; it’s been a both a wonderful and stressful five-year 

plan, and you’ve stood unwaveringly by my side. You know I wouldn’t have made it 

without you, and the love and comfort of our recently departed study-buddy Nacho, 

and our newly adopted Charley Jayne. 



xiv 

Abstract 

As the understanding of the biology of cancer intensifies, biomarkers with the potential 

to guide precision cancer medicine (PCM) are discovered with increasing regularity. 

Yet the cost-effectiveness of the biomarker-guided PCM strategy is rarely evaluated. 

Utilising colorectal cancer (CRC) as a bellwether for PCM implementation, I 

conducted a systematic review of health economic analyses of molecular biomarkers 

(MBM) to stratify CRC patients for PCM in high-income countries. This analysis 

found that: 

1. Oncotype DX® is cost-effective in sparing treatment toxicity. 

2. Dihydropyrimidine dehydrogenase gene (DPYD) status testing may be cost-

effective to avoid 5-Fluorouracil (5-FU) toxicity. 

3. Uridine 5’-diphospho-glucuronosyltransferase family 1 member A1 gene 

(UGT1A1) polymorphism status is not cost-effective in guiding irinotecan 

dosing. 

4. The cost effectiveness of testing of KRAS/NRAS mutational status for guiding 

cetuximab or panitumumab therapy is inconclusive. 

Overall, the systematic review revealed that there was a paucity of cost-effectiveness 

studies in CRC to support biomarker-enriched PCM approaches. 

To discern the real-world impact that PCMs and other therapeutic modalities are 

having on CRC survival, the economic burden of CRC in Europe for the year 2015 

was determined by an enhanced cost-of-illness study, covering the EU27, together 

with the United Kingdom, Iceland, Norway, Switzerland, Serbia and Turkey (EUR33). 

CRC costs in 2015 were €21.9bn, broken down as follows: healthcare costs: €7bn 

(32% of overall costs); mortality costs: €5.7bn (26%); morbidity costs: €7bn (32%); 

informal care costs: €2.2bn (10%). Costs for managing a CRC patient varied 

significantly across each country, as did hospital care costs. Amongst overall 

healthcare costs, pharmaceutical costs represented the second largest expenditure after 

hospital care costs, and in several countries pharmaceutical costs were higher than 

hospital costs. The proportion of total healthcare expenditure on CRC was notably 

highest in Central and Eastern European countries in terms of percentage spent: 

conversely, these countries experienced the lowest CRC survival rates. 



xv 

Finally, as biomarker guided continuous cetuximab (CC) and intermittent cetuximab 

(IC) demonstrated equivalent clinical efficacy in treating advanced CRC in the COIN-

B trials, I undertook a retrospective cost-minimization analysis to determine which 

therapy was the least costly. By employing both partition survival modelling (PSM) 

and Markov chain Monte Carlo (MCMC) simulation, IC therapy did prove to be the 

dominant therapy when compared to CC therapy, with a cost reduction of £33,679 (by 

PSM) or £29,708 (by MCMC) per patient. In addition to the cost savings realised by 

IC therapy, the intermittent strategy allows for less invasive tumour monitoring during 

treatment and the opportunity for tumours to potentially re-sensitise to cetuximab 

treatment. 

This thesis demonstrates how viewing cancer and its treatment through a health 

economic lens can provide particular insights on the economic burden of this common 

disease and inform innovative precision medicine approaches to deliver robust but 

affordable cancer control for patients and society.  
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Chapter 1  Introduction 

1 

1 Introduction 

The precision medicine approach in cancer has the potential to enhance patient 

outcomes and improve quality of life, as we apply a more biology-based rationale to 

the prevention and treatment of malignancy.  It may also yield significant socio-

economic benefits, both for the individual citizen and for society (1). By remodelling 

the delivery of healthcare services to implement and utilise updated scientific 

understanding and technological and data advancements, precision medicine can help 

refine the diagnosis, treatment, and prevention of cancer at the individual patient level.  

1.1 What is Precision Medicine? 

Precision medicine is frequently defined as the “right drug, for the right patient, at the 

right time”. To this, the health economist would also add “at the right cost”. As the 

field is rapidly developing, there have been several definitions, which has created a 

degree of confusion. To address this variability, the European Society for Medical 

Oncology (ESMO) published its Precision Medicine Glossary in 2017, which defines 

Precision Medicine as: 

“A healthcare approach with the primary aim of identifying which 

interventions are likely to be of most benefit to which patients based upon the 

features of the individual and their disease. In cancer, the term usually refers 

to the use of therapeutics that are expected to confer benefit to a subset of 

patients whose cancer displays specific molecular or cellular features (most 

commonly genomic changes and gene or protein expression patterns). 

Nevertheless, the term also includes the use of prognostic markers, predictors 

of toxicities and any parameter such as environmental and lifestyle factors that 

leads to treatment tailoring. Characterisation approaches in the future are 

expected to encompass a wider range of technologies such as functional 

imaging” (2).  

The aims of precision medicine are several: to pre-identify responders and non-

responders to the selected therapeutic intervention, to develop new clinical trial 

algorithms with increased response rates, to validate the mechanism of action of the 

patient’s disease, to decrease adverse reactions and associated additional costs, and to 
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provide evidence-based rationale for regulation, adoption, and implementation of 

precision medicine into treatment pathways (3). Precision medicine also holds the dual 

promise of hastening drug development and increasing efficiencies in healthcare, just 

as economic constraints tighten government budgets (4). 

Historically, cancer treatment was uniformly applied to all patients based on the 

tumour site. The introduction of precision medicine has created a paradigm shift by 

increasing our understanding of the disease at patient level and using this knowledge 

to develop more precise, targeted therapeutic approaches. Cancer genes, as activated 

through mutations in either oncogenes (which turn on activity) or tumour suppressor 

genes (which turn off activity) may be defining a new nosology for cancer which is 

mechanistic in origin, rather than relying purely on the tumour site (2,5).  Furthermore, 

there is a tendency for tumours to subsequently mutate due to selection pressures 

caused by treatment, leading in turn to eventual drug resistance; an increased 

molecular understanding of treatment resistance can help underpin a precision 

medicine informed intervention.  

The core of precision medicine is the genomic classification of disease, yet precision 

medicine encompasses many more disciplines, including pathology, bioinformatics, 

statistics etc. Figure 1-1 details the diverse components of precision medicine: It 

incorporates clinical observations from primary care, hospital and laboratory findings, 

the latest clinical research, through to external information (such as consumer-

purchased data from personal genomics companies, smartphone applications, etc.), 

which is then compiled into large datasets. These large datasets are subsequently 

probed using machine and/or deep learning algorithms to uncover disease patterns, 

trends, and correlations. Results are then interpreted by multidisciplinary teams of 

healthcare professionals. The goal is to construct an evolving-learning healthcare 

system with ever increasing precision that will assist with clinical decision-making for 

the individual patient (6). Collaboration with the patient in this process is a cornerstone 

of precision medicine. The patient’s data is compiled and mined, to inform clinical 

intervention, and/or subsequently anonymized and shared in the public domain for 

research purposes (7). The synthesis of different ‘omic technologies (shown in red, 

Figure 1-1), digital healthcare data and artificial intelligence (AI) underpins a 

synergistic approach to precision medicine (8), where the aggregated data is greater  
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Figure 1-1 The process of precision medicine. 

Data collected from GP surgeries, hospital and outpatient findings, clinical research, 

and external data are combined in a clinical prediction model to diagnose and treat 

disease. Adapted from Koenig et al. (6) 

 

than the sum of the individual data streams. Although the incorporation of some of 

these technologies including proteomics (proteins), metabolomics (cell processes), and 

microbiomics (bacteria, fungi, parasites, and viruses) are in their infancy, linking 

genomic and transcriptomic (gene expression) data has already proven its clinical 

utility in a number of cancers (9). 

It is not only the diagnosis of a patient’s condition which is increasing in precision, but 

also the administration of therapeutics that are targeting the disease in a progressively 

more focused approach. Figure 1-2 illustrates the course of these advancements in 

cancer therapy, which while becoming more precise also escalate in cost. While 

empirical medicine is applied to all patients, stratified medicine approaches are  
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Figure 1-2 Increasing precision and cost of cancer therapeutics. 

 

employed to particular subgroups identified through ‘omics interrogation, and 

personalised medicine is applied at the individual patient level. In empirical cancer 

medicine, chemotherapy pioneered by Sidney Farber in the late 1940s is employed 

with a modus operandi of one-size-fits-all (10). Its mechanism of action is to interfere 

with overarching processes such as DNA synthesis, protein function, or microtubule 

function in a non-specific manner, affecting all cells, both malignant and healthy. 

Approaches such as hormone therapy are more targeted, with an intervention which 

decreases particular hormone levels or obstructs their activity, leading to cancer 

retardation or arrest. Tamoxifen therapy is an example of a hormone therapy that 

specifically targets oestrogen-receptor protein (ER), which in the cancer cell 

encourages tumour growth. Breast cancer patients with the ER+ biomarker in their 

tumours are treated with this drug, an early example of precision cancer medicine 

(PCM) in action (10,11). Although PCM approaches predate the Human Genome 

Project (HGP), it was the completion of this internationally compiled, decade-long, 

multi-billion-dollar, genome-wide mapping endeavour which gave rise to both the 

concept and the universal appeal of precision medicine (12).  



Chapter 1  Introduction 

5 

The HGP resulted in a significant advance in the accelerated discovery of biomarkers, 

which are used to stratify patients into subgroups (responders, non-responders, and 

super-responders). Even with these advances, not all targeted therapies currently have 

identified biomarkers, and there exist potentially adverse and/or fatal risks to 

employing treatment which is not biomarker-informed. In the case of 5-flourouracil 

(5-FU), this chemotherapeutic was approved as a first line course of treatment long 

before the DPYD genomic biomarker was discovered in 1999, and all toxicities and 

mortalities were presumed to be potentially possible for all patients. 5-FU is initially 

catabolized by the enzyme dihydropyrimidine dehydrogenase (DPD), a product of the 

DPYD gene. Mutations in this gene lead to DPD deficiency, causing severe toxicities 

and even death. By identifying the DPYD biomarker, subgroups of patients with DPD 

deficiency can be spared 5-FU treatment (13,14).  

In the last two decades, monoclonal antibodies have been identified and employed in 

treatment, targeting specific pathways of cancer cells. Bevacizumab, which targets 

vascular endothelial growth factor A (VEGF-A), has been shown to impede blood 

vessel growth, and has been employed successfully in the treatment of several cancer 

types; yet currently there exists no biomarker to select patients who will best respond 

to this drug (15). Cetuximab is also a monoclonal antibody, with particular 

effectiveness in diseases such as colorectal cancer (CRC) but the identification of a 

biomarker of response allowed this drug to be targeted more effectively to a particular 

CRC population Approximately 53% of patients with metastatic colorectal cancer 

(mCRC) harbour KRAS mutations (KRASmut), which prevents the action of cetuximab 

on the epidermal growth factor receptor (EGFR)  pathway (16). Cetuximab, because 

it has an established biomarker, is considered a stratified or precision medicine, 

allowing identification of patients that will best respond to treatment, while sparing 

non-responders and thus thereby avoiding unnecessary side effects and reducing costs. 

Pembrolizumab, another monoclonal antibody, acts differently in that it unleashes the 

body’s own immune response against cancer by blocking the programmed cell death 

receptor (PD-1) (17). Pembrolizumab, particularly efficacious at the treatment of 

tumours with faulty DNA mismatch repair resulting in microsatellite instability (MSI), 

was the first drug approved by the Food and Drug Administration (FDA) based on the 

tumour’s genetic profile rather than tumour location or type. 
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Moving towards individually personalised medicine, chimeric antigen receptor (CAR) 

T-cells begin as healthy T-cells harvested from the cancer patient’s body. The cells are 

then re-engineered and infused back into the patient as a ‘living drug’ to specifically 

attack the cancer (18). Another “personalised medicine” is the therapeutic cancer 

vaccine which immunises the patient with infused cancer proteins, causing an 

antigenic immune response (19). Both CAR-T cell therapy and cancer vaccines are at 

similar levels of precision, in that they redesign the patient’s biological material to 

harness the power of the immune system.  At the apex of personalised medicine is the 

clustered regularly interspaced short palindromic repeat (CRISPR) approach, a gene-

editing tool capable of rewriting an individual’s genome. CRISPR is currently being 

investigated in conjunction with CAR T-cell immunotherapy, as evidenced by the vast 

number of current clinical trials underway (20). The Topol Review (commissioned to 

report on the impact of genomics, digital healthcare, AI, and robotics) does not expect 

this CRISPR technology to begin impacting the NHS until 2030, and even then, it is 

only predicted to be utilised for previously untreatable rare diseases (8). However, the 

potential applications of CRISPR are myriad and cancers caused by certain genetic 

changes (e.g. CRC due to mutations in DNA mismatch repair genes, breast cancer 

caused by mutations in BRCA genes) could be disease targets for a CRISPR-enabled 

approach. 

1.2 The Precision Cancer Medicine Cost/Value Dilemma 

Cancer is the second leading killer worldwide with over 18 million new cases and 9.6 

million deaths in 2018 (21). With a global spend of over US$1 trillion in 2010, cancer 

accounted for more than 2% of global gross domestic product (GDP), rising to US$2.5 

trillion when factoring in associated costs incurred by patients and their families (22). 

Additionally, an increasing global population with greater longevity is presenting 

governments with demographic timebombs. In 2009, European health systems spent 

€51 billion on cancer services, 27% (€13.6 billion) of which was on pharmaceuticals 

(23). This proportion of medicine spend is similarly echoed in the UK where 20% of 

oncology costs are spent on pharmaceuticals, whereas in other disease domains the 

pharmaceutical costs represent 13% (2008), (24). Together with innovation in surgical 

techniques, chemotherapeutics, and targeted medicines, the accelerating costs of 

cancer care are straining healthcare budgets (25). Being able to identify which patients 
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need which treatment with high specificity encourages the proper allocation of 

healthcare resources. 

In 1963, renowned healthcare economist Kenneth Arrow indicated that the lack of 

certainties in the efficacy of medical treatment and in disease prevalence leads to both 

market obstacles and an ineffective allocation of resources in the healthcare system 

(26). Precision medicine has the potential to increase certainty and allocate medical 

resources more efficaciously and efficiently, as precision medicine’s goal is to deliver 

value by producing the greatest benefit over harm by selecting those patients who 

respond best to a drug’s mechanism of action based on their (or their tumour’s) 

genomic profile (27). However, PCM  is leading to accelerating and unsustainable 

drug prices (28). Precision medicine’s market share is forecasted to rise to US$173 

billion by 2024, of which the largest segment (US$69 billion) will be allocated to PCM 

(29). Over the last 2 decades, the price of newly introduced oncology drugs has steadily 

risen by approximately 10% year on year. In 1991, the chemotherapeutic carboplatin 

was introduced at US$1,495 per month of treatment (dollar amounts adjusted to 2014 

prices by data source); in 2011, the PCM ipilumumab was introduced at a cost of 

almost US$40,000 per month of treatment (dollar amounts adjusted to 2014 prices by 

data source) (see Figure 1-3) (30,31).  

 

Figure 1-3 US cost of cancer drugs (2014 prices). 

Data source Peter B. Bach, MD, Memorial Sloan Kettering Cancer Center. 
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Current pricing actions by the pharmaceutical industry are compromising the ability 

of policymakers and the healthcare industry to control costs and budgets. The 

pharmaceutical industry’s justification for such high prices is the heavy initial cost of 

R&D coupled with the inherent financial risks of bringing drugs to market, as 

evidenced by an oft-cited Tufts Center for the Study of Drug Development publication 

in 1979 (32). The 2014 version of the Tufts study put a figure of US$2.6 billion for 

launching a drug into the US market (33). However, the Tufts study lacks both 

transparency and reproducibility, as the data upon which it is based is private (data 

provided solely by manufacturers and refused for public release) (32,34).  

The various iterations of the Tufts study have long been cited as the basis for political 

inaction on drug price negotiations in the US. Based on the study’s high financial 

barriers to market entry, there has been little political will to negotiate with 

manufacturers on behalf of those healthcare programmes paid for by the US 

government (i.e., Medicare and Medicaid: tax-funded healthcare for the over 65-year 

olds and tax-funded healthcare for low income adults, children, and disabled persons, 

respectively) or for the introduction of value-based pricing (VBP), as such negotiations 

have been characterised as hampering innovation, and potentially delaying treatment 

(32). A 2017 study of 10 oncology drugs, including two PCMs and three targeted 

cancer medicines, resulted in a median calculation of introduction costs of US$640 

million per drug (range, US$157 million to US$1.95 billion). Representing all R&D 

costs with full transparency (i.e. all data was made publicly available), the 2017 study 

found that a number of pharmaceutical companies ultimately saw revenues exceed the 

cost of R&D by ten-fold. Of particular relevance to PCM costs, the authors calculated 

that eventual sales could generate US$1 billion for a single drug in a small population 

(34).  

Further compounding the PCM cost dilemma, in identifying the treatable population 

with its biomarker/matched therapy selection process, precision medicine intrinsically 

curtails the numbers of patients to whom it can be administered. With regard to cancer 

treatment, these smaller populations result in PCMs becoming expensive “niche-

busters” rather than the previous “block-buster” models of drug introduction, whereby 

newly launched drugs were given to all patients regardless of actual effectiveness rates 

(e.g. statins). In their 2017 presentation to the Conference on Economic Dimensions 



Chapter 1  Introduction 

9 

of Personalized and Precision Medicine, Berndt and Trusheim note that spiralling 

prices result from the fact that PCM “niche-busters” exist in a market structure of a 

few pharmaceutical companies per disease creating an oligopoly, resulting in 

decreased competition and increased prices for consumers (35).  

Berndt and Trusheim use game theory to explain the members’ “coat-tail latching” 

behaviours, and consequently illustrate the sub-optimal outcomes for the payer. That 

is, when a new “niche-buster” drug is introduced, members of the PCM oligopoly look 

through their portfolio of products to see if they have a drug with a similar mechanism 

of action, or they invest heavily into R&D to create a competitor. In order to launch 

these new drugs, manufacturers must decide whether to launch a companion diagnostic 

assay (CDx), which determines the patient profiles to guide treatment, and can serve 

to increase specificity. Continuing with the game theory analogy, Berndt and Trusheim 

highlight how participants can find themselves in a prisoners’ dilemma (35). The first 

to introduce the new drug will have a significant advantage over subsequent 

introductions, so there is a strong impetus to launch quickly. However, creating a CDx, 

thereby increasing both time and cost in administration, may increase market share 

over time as it outperforms earlier introductions without CDx. If the companies co-

operate with each other and release both the therapeutic and CDx, each company will 

receive market share for its product.  

Berndt and Trusheim illustrate this concept via the following: market entry of 

nivolumab (Bristol Myers-Squibb) with no biomarker, is compared against 

pembrolizumab (Merck) with the biomarker PD-L1 CDx. Oncologists originally 

preferred prescribing nivolumab because there was no biomarker test (saving time and 

costs), but it was pembrolizumab which eventually captured the market. 

Pembrolizumab’s success was due to, in great part, the PD-L1 CDx, which made the 

drug more efficacious because of enrichment of responders (35,36). With regard to 

CDx, each manufacture may set the cut-off scores of eligible patients for the same 

therapeutics at different points, creating changes not only in the numbers of potential 

recipients of the treatment, but also in the overall efficacy of the treatments. The 

authors further demonstrate that in the case of PCM, allowing additional parties to 

enter the game, specifically the buyers/payers, can also lower prices while still 
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providing the manufacturer with profit and market share as a result of “Bertrand 

Competition”.   

In the UK, backed by evidence in the forms of Health Technology Assessment (HTA) 

from the National Institute for Health and Care Excellence (NICE), the NHS negotiates 

price and quantities with the manufacturers, resulting in lower prices. In the US, 

Centres for Medicare and Medicaid (CMS) are forbidden by government regulations 

to enter negotiations with the pharmaceutical companies. The lack of a HTA advocate 

in the US for CMS may explain in part the price differential for a weekly course of 

cetuximab and chemotherapy, which was £1,734 in the UK, and £2,947 (US$4,302) 

in the US, in 2009 prices (37,38).   

Despite the high costs, if PCMs are efficacious enough, they can be cost-effective in 

middle- and high-income countries (low income countries have not been investigated) 

as demonstrated by the following UK examples: 

• Imatinib mesylate therapy for Philadelphia chromosome-positive (Ph+) 

chronic myelogenous leukaemia (CML), a cancer of the blood (39). In a UK 

study, the use of imatinib on Ph+ CML patients conferred on average 2.1 

quality-adjusted life years (QALYs) over a 5-year period with an incremental 

cost-effectiveness ratio (ICER) of £29,344/QALY (40). 

• Trastuzumab to treat HER2-positive breast cancer (41). A UK study found 

trastuzumab to be cost-effective in women with HER2+ breast cancer at a 

willingness-to-pay (WTP) threshold of £30,000/QALY, with one year of 

therapy resulting in 0.49 QALYs compared to no trastuzumab treatment (42). 

• Gefitinib for therapy of EGFR-mutation positive (mut+) non-small cell lung 

cancer (NSCLC) (43). NICE determined the ICER for gefitinib to be 

£35,700/QALY (range, £20,100 to over £70,000), and although getfitinib 

breached NICE’s £30,000 WTP threshold, it is still recommended as therapy 

for EGFRmut+ NSCLC patients in the UK (44). 

Pembrolizumab, received FDA approval in 2014, and to date CEAs have only 

been performed in the US. A 2017 study found pembrolizumab to generate 1.05 

QALYs at a cost of US$102,439 for PD-L1+ patients with metastatic NSCLC. 

Pembrolizumab was the cost-effective option when compared to standard 



Chapter 1  Introduction 

11 

chemotherapy with an incremental cost of US$97,621/QALY. The US WTP 

threshold is not set, fluctuating between the often cited US$50,000 and anywhere 

up to US$200,000 (45). 

The twin strategies of biomarker research to increase efficacy of PCMs and the 

existence of a HTA advocate such as NICE to keep the cost of PCMs in check, will 

help ensure value for cancer patients in the UK. 

1.3 Measuring Pharmaceutical Effectiveness 

The escalating costs of PCMs not only impact healthcare budgets, but also potentially 

hold back market competition and drug innovation. A 2018 commentary suggests that 

the current regulatory approach to the drug approval process in the US by the FDA, 

while unintentional, allows pharmaceutical companies to trial a range of low-value or 

no-value anti-cancer drugs (46). There are currently over one thousand immune 

checkpoint inhibitor trials being performed, many without the underlying necessary 

biological basis for investigation. When a proprietary drug shows clinical benefit in 

one cancer, trials are often performed in other cancers, and in combination approaches, 

even when the therapy being trialled has not demonstrated any clinical benefit on its 

own in the first instance (46). The reasoning behind such trials is based on the premise 

of corporate existence: maximisation of return on shareholders’ investment, i.e., one 

unlikely extraordinary success can financially compensate for the costs of all other 

failures (46). Aside from ethical considerations regarding running ineffective trials on 

a finite set of patients, multiple companies trialling their own proprietary formulae in 

this manner will also result in unnecessarily repetitive and needlessly superfluous 

failures, the costs of which are then tied in with R&D budgets, eventually factored 

back into the mounting costs of drug introductions without any demonstrable increase 

in pharmaceutical effectiveness (46). Another complication in measuring 

pharmaceutical effectiveness is reliance on single studies; FDA approval can be based 

on small statistical significance of a single trial. 

The UK’s Cancer Drugs Fund (CDF) mirrored a similarly weak approval process 

without delivering statistically significant clinical benefit to patients, costing the UK 

taxpayer £1.27 billion over a six-year period (2010 to 2016), (47,48). Of the 47 anti-

cancer agents approved by the CDF, only 18 (38%) demonstrated benefit, with an 
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overall survival (OS) of 3.2 months (1.4 months for aflibercept in mCRC to 15.7 

months for pertuzumab in HER-2 positive metastatic breast cancer). The other 29 

(62%) anti-cancer drugs were approved with either no statistically significant OS 

benefit (n=17), or the OS data was not available (n=12). Since 2016, the CDF has been 

placed under the remit of the NICE which evaluates the cost of a healthcare 

intervention and the consequential health outcomes, thus providing a cost-

effectiveness measure of a particular therapeutic intervention (48).  

Several types of economic analysis are employed by NICE when determining the 

effectiveness and cost-effectiveness of treatments, in order to develop guidelines for 

the NHS. 

• Cost-benefit analysis (CBA): an evaluation of costs and benefits, which are 

expressed in monetary terms. 

• Cost-effectiveness analysis (CEA): a differentiation between the costs and 

clinical outcomes (effects) between two or more interventions. 

• Cost-consequences analysis (CCA): a type of CEA presenting costs and 

clinical outcomes in a disaggregated form of discrete categories. 

• Cost-minimisation analysis (CMA): a determination of the least expensive 

intervention. 

• Cost-utility analysis (CUA): a contrast of costs in monetary units and clinical 

outcomes in terms of their utility (quantity and quality of life) between two or 

more interventions. 

The incremental cost-effectiveness ratio (ICER) is a statistic used to evaluate the cost-

effectiveness of an intervention. It is measured by the difference in the costs of two 

interventions divided by the difference in their effects (49): 

𝐼𝐶𝐸𝑅 =  
𝐶1 − 𝐶0

𝐸1 − 𝐸0
 

where C1 and E1 are the cost and effect of the intervention and C0 and E0 are the cost 

and effect of the standard treatment, and the ICER is calculated as cost-per-quality-

adjusted life year (QALY). The QALY in turn is a universal measure of the burden of 

disease, essentially the number of years of life (mortality) combined with health-
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related quality-of-life (HRQoL) in that patient (morbidity)., e.g. 1 year of life lived in 

perfect health would have a QALY score of 1, whereas 1 year of life with a patient 

confined to bed (utility score = 0.5) would have a QALY score of 0.5. NICE has 

initiated its willingness-to-pay (WTP) value for the NHS at £20,000 to £30,000 per 

QALY threshold. This rule becomes more adaptable for end-of-life care (£50,000 per 

QALY), and for rare conditions treated with orphan drugs (£100,000 per QALY) 

(50,51). Measuring patient outcomes across different disease areas is particularly 

useful for the optimal allocation of resources within a healthcare system.  QALYs are 

employed in many countries (a notable exception being the US, although its rigid anti-

QALY stance is softening). QALYs, as applied to anti-cancer drugs, have critics, 

ranging from “cancer is a ‘dread’ disease and requires a “super-QALY”, “there is no 

incorporation of the patient’s “value of hope” in regard to therapy”, and QALYs “do 

not place a high-enough value on end-of-life treatments” (52,53). Although 

alternatives have been suggested, no measure as yet outperforms the QALY (54). 

1.4 Value-Based Pricing to Encourage Adoption of PCMs 

VBP is a costing approach that places an approximate value of a PCM intervention to 

the patient, rather than a value based on either market prices or the cost of the drug. 

PCM coupled with genomic profiling of tumours can generate value in a number of 

ways, such as reducing adverse effects and time delays, and allowing effective 

treatment in the responding subpopulation. Chawla et al. demonstrated that of 188 

patients, the 122 that had matched therapy against their metastatic tumours had a 

longer time to treatment failure (+1.5 months) and longer OS (+2.4 months) than the 

66 patients with unmatched therapy (55). PCM also includes the bonus “value of 

knowing” which is not incorporated in a traditional CEA or captured by other societal 

metrics such as productivity losses. Briefly the “value of knowing” encapsulates five 

factors (56);  

• Reduction in uncertainty – the greater certainty given to a drug responder by a 

genomic test could lead to increased adherence and uptake. In the case of no 

available therapy, a genomic test would supply the patient with information to 

make a decision about how to spend their remaining time. 

• Value of hope – patients are willing to risk their anticipated length of life on a 

technology which may result in a significant increase in length of survival. 
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• Real option value – more effective therapies in the drug pipeline which have a 

transformative effect on patients who have survived to date on less effective 

treatments. 

• Insurance value – novel therapies against disease which increase health gains 

have value for the risk-averse patient beyond the anticipated health gain. 

• Scientific spill-overs – innovative therapies can create a deeper understanding 

of the molecular processes underlying a disease which can produce even more 

effective follow-up therapies. 

While these factors may not be as important as the fundamental measures of life years 

gained (LYGs), HRQoL, or healthcare cost savings, they are worth considering as they 

enhance the patient’s peace of mind. 

VBP is a possible solution to the deficiencies of clarity around PCMs’ value to patients 

and PCMs’ efficacy in the absence of economic analysis. VBP addresses the lack of 

transparency behind both pricing of PCMs and the potential benefits of PCM therapies 

to patients. VBP is potentially valuable for a number of reasons: 

1. It is principally in oncology that genomic profiling of disease is demonstrating 

clinical utility and potential economic value of a precision medicine approach 

(57). 

2. The economic burden of cancer in high income countries is onerous, leading 

to increased expenditure on pharmaceutical research and development. Of the 

66 precision medicines in the drug pipeline, 81.8% are cancer therapeutics 

(Figure 1-4) (58). 

3. The FDA Breakthrough Designation directive has allowed anti-cancer drugs 

market release based on progression-free survival (PFS) and the availability of 

intermediate biomarkers. A total of 20 of the 38 drugs released under 

Breakthrough Designation are for oncology and payers and clinicians will be 

looking for value for the patient in PCMs (59). 

4. Treating a subpopulation of drug responders leads to reduction in the volume 

of eligible patients for therapy, which will presumably result in pharmaceutical 

companies raising their prices for this smaller treatment cohort due to a limited 

targeted population (60). 
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Figure 1-4 Precision medicines by disease area. 

Number of drug molecules for each disease field shown in brackets. Adapted from 

Milne et al. (58). 

 

1.5 Why Colorectal Cancer? 

CRC was chosen as the disease in this research project as it is a bellwether for other 

cancers - CRC is the third most frequent neoplasm, and the third leading cause of death 

worldwide after lung and breast cancers (21); it is one of the most unambiguous 

indicators of the transition in cancer incidence, by which countries undergoing sudden 

socio-economic changes show sharp increases in cancers previously only common in 

high-income countries (61); with ageing populations, its incidence is rising; complete 

remission is possible (albeit in limited circumstances); screening initiatives are 

available; the incidence amongst the sexes is equivalent; successful therapy outcomes 

require multidisciplinary cooperation; surgery, chemotherapy and radiotherapy all 

have significant contributions in its treatment (62). Chapters 2 to 7 focus not only on 

CRC pharmaceutical costs, but also the cost of the CRC clinical pathway, while 

Chapter 9 elucidates the broad picture of escalating therapeutic costs in cancer 

generally.   

1.6 What is Colorectal Cancer? 

Globally, CRC is the second most common cancer in women, and third most common 

in men (21). In Europe where CRC is the cancer with the second highest incidence, a 
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study using 2009 data indicated that the economic burden was over €13 billion, 

comprising 10% of all cancer costs (23).  

Figure 1-5 demonstrates how CRC is a disease provoked by a wide range of factors 

that include lifestyle, environment and genetics. 

 

Figure 1-5 Most Frequent Risk Factors Associated with CRC 

Incidence  

Adapted from Aran et al. (63). 

 

Beginning in either the colon or rectum, CRC originates from adenomatous polyps or 

adenomas (64). Table 1-1 illustrates the staging of CRC, describing the progressive 

growth of the cancer, and how far it has spread. The histology that causes 

carcinogenesis is well characterised; the underlying molecular processes are less 

understood, although much progress has been made (65). A sequence of acquired 

genetic mutations are implicated in a number of these histopathological changes. 

While at least four mutations are probably necessary for CRC to manifest, mutations 

in three specific tumour suppressor genes (APC, SMAD4 and TP53) and one oncogene 

(KRAS) are the most commonly identified mutations in CRC (66). 
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Table 1-1 Staging in Colorectal Cancer 

STAGE DESCRIPTION TUMOUR, NODES, AND 

METASTASES (TNM) 

0 Cancer cells in inner bowel, little risk of 

spread 

- 

I Cancer grown through inner lining of 

bowel 

T1, N0, M0 or T2, N0, M0 

IIA Cancer grown through outer lining of 

bowel wall 

T3, N0, M0 

IIB Cancer grown through outer lining of 

bowel wall and into organs next to the 

bowel 

T4, N0, M0 

IIIA Cancer in inner bowel and spread to 1 to 

3 nearby lymph nodes 

T1, N1, M0 or T2, N1, M0 

IIIB Cancer grown to outer lining of bowel and 

spread to 1 to 3 nearby lymph nodes 

T3, N1, M0 or T4, N1, M0 

IIIC Can be any size and has spread to 4 or 

more lymph nodes 

Any T, N2, M0 

IVA Cancer has spread to other parts of the 

body (e.g., liver and lungs)  

Any T, Any N, M1 

Tumour 

T1 - Tumour limited to beneath mucous membrane 

T2 – Tumour has extended into the muscular layer 

T3 – Tumour has extended into the serous membrane 

T4 – Tumour has gone through the serous membrane and peritoneal surface 

Nodes 

N0 – There are no tumour cells in the lymph nodes 

N1 – Up to three regional lymph nodes have tumour cells 

N2 – Four or more regional lymph nodes have tumour cells 

Metastases 

M0 – No metastasis to outlying organs 

M1 – Metastasis to outlying organs 

Adapted from Cancer Research UK and NICE clinical guidelines on CRC (67,68) 
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CRC begins as malignant cells in the epithelial layers (upper layers) of the bowel 

(Stage 0), followed by invasion into the muscular layer (Stage I). As Stage II develops, 

the tumour penetrates the bowel wall into nearby organs, and then spreads into the 

lymph nodes in Stage III. Stage IV results in mCRC, when cancer cells break away 

from the tumour and spread throughout the body. This secondary spread beyond the 

intestine and nearby lymph nodes usually appears in the liver (see Figure 1-6), but may 

also occur in bones, adrenals, lymph nodes, brain, skin and the oral anatomic sites (69). 

Traditional therapy for CRC and mCRC can involve surgery, radiotherapy, and 

chemotherapy, either alone or in combination with targeted therapy. Current treatment 

of CRC (surgical resection of the tumour) is successful in patients to varying degrees 

depending upon CRC tumour stage at treatment (Figure 1-7). Even with treatment, 

some individuals will have tumour recurrence and suffer mortality from cancer 

metastases (70).  

 

Figure 1-6 Spread of CRC from bowel to lymph nodes to liver. 

Image source Cancer Research UK. 
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Figure 1-7 CRC Five-Year Relative Survival 

(%) by Stage, Adults Aged 15-99. Data from Cancer Research UK (71). 

 

1.7 Colorectal Cancer: From Diagnosis to Treatment. 

In the UK, every disease that is treated by the NHS has its own care pathway. The care 

pathway sets the standard by which each patient is treated. The NHS suggests bowel 

screening every two years, from age 60 to 74 (except for Scotland where age 50 is 

recommended) (72). Patients are also directed to contact their GPs if they self-detect 

blood in stools, abdominal pain, anaemia, loss of weight, a change in bowel habits, 

and/or rectal bleeding. During screening, the patient receives a Faecal Occult Blood 

Test (FOBT), or in Scotland since 2017, a Faecal Immunochemical Test (FIT) (73). 

NICE recommends the adoption of FIT, with its roll out in England and Wales taking 

place over 2019, and Northern Ireland is expected to implement FIT in early 2020 (74). 

Both tests detect small amounts of occult (hidden) blood in stool samples. In a Dutch 

randomised controlled trial (RCT), FIT detected 2½ times more cancers and advanced 

adenomas than FOBT (75). When either FOBT or FIT returns a positive result, further 

diagnostic tests are administered. 

There are several different diagnostic interventions used to detect CRC, including 

colonoscopy, computer tomography (CT) colonography, and barium enema/flexible 

sigmoidoscopy, but it is colonoscopy which is considered the gold standard in the NHS 

care pathway (74). Colonoscopy, when offered to patients to verify diagnosis of CRC, 

has demonstrated a reduction in CRC mortality due to early detection, and in a US-
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based study, colonoscopy was found to be associated with a 67% reduction in the 

possibility of mortality from CRC (68,76). Adenomas can be removed in situ with a 

colonoscopy, and if a cancerous lesion is observed, a biopsy can be taken in the same 

procedure. When there is a positive diagnosis for CRC, CT scans and magnetic 

resonance imaging (MRI) may be applied to further identify tumour stage.  

At this juncture in the care pathway, the patient is referred for surgery. With stage 

initially defined, the patient may be offered chemoradiotherapy (dependent on risk) to 

shrink the tumour before surgery. NICE’s surgical options are laparoscopic surgery or 

open bowel surgery; while OS is similar with both surgeries, laparoscopic surgery is 

associated with lower intraoperative blood loss, earlier resumption of food intake, a 

lower 30-day postoperative mortality rate, a reduced hospital stay, and is cost saving 

when employed by experienced surgeons in high enough volume (77–79). While 

laparoscopic surgery requires a longer operating time, has a higher probability of 

return to theatre, inferior abdominoperineal excision rates, an increased chance of 

leakage at the site of suture, and demonstrates variable failure-to-rescue mortality rates 

when compared to open surgery, it is conducted on patients with a better prognosis, 

therefore studies comparing laparoscopic with open surgery will favour the former 

(80–82). Whether laparoscopic or open surgery is performed, NHS guidance suggests 

the decision should be made between the patient and surgeon dependent on: (i) 

tumour’s lesion suitability for laparoscopic resection, (ii) benefits and risks of the two 

procedures outlined above, and (iii) the surgeon’s experience in the two procedures 

(83). While in limited use, a new development in laparoscopic surgery is the Da Vinci 

Surgical System (Da Vinci robot), robot-assisted laparoscopic technology which aims 

to improve outcomes by increasing accuracy and reducing surgeon error (84,85). 

Post-surgery, excised tumours are examined as a solid biopsy, to be processed in the 

histopathology laboratory by slicing a cross-section and fixing it onto microscope 

slides for investigation to confirm the CRC stage. This is a ‘one-shot’ procedure, as 

the only available material is the excised tumour. The process of preparing and 

examining a solid biopsy requires adept manipulation, involves expense, and relies 

upon the surgeon’s/pathologist’s assessment, based on the available material collected 

from the surgery. If enough material is left over, it is further processed for molecular 

analysis to look for genomic biomarkers to help guide further treatment. The solid 
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individual biopsy will rarely capture CRC spatial heterogeneity and is incapable of 

tracking the temporal heterogeneity of the tumour (86). 

Once CRC is confirmed, a number of scenarios are possible, dependent upon the stage 

of CRC. In the case of stage I, II and III CRC, surgery can be curative in the majority 

of cases (Figure 1-7) but almost a third of stage II and III patients will relapse with 

tumour re-emergence and eventual death from mCRC (see Figure 1-7). Further 

treatment of stage II colon cancer with adjuvant chemotherapy is contentious, and 

discerning which stage III colon cancer patients will gain from adjuvant therapy can 

be problematic (70). From a PCM perspective, a biomarker test, the Oncotype DX® 

colon cancer assay, (a 12-gene colon cancer assay) can differentiate between the 15% 

of stage II mismatch repair-proficient patients where there is no risk of tumour 

recurrence and the 15% at the opposite end of the spectrum where there is a significant 

risk of tumour recurrence. Unfortunately, the recurrence risk for the remaining 70% 

cannot be quantified by this test (70). In stage III, the Oncotype DX® colon cancer 

assay can distinguish between low-, intermediate-, and high-risk of tumour recurrence 

in colon cancer and the addition of oxaliplatin to 5-FU is recommended in cases of 

intermediate- and high-risk patients who will likely benefit (87). 

In the UK, 23%-26% of patients present with stage IV CRC and of these only 7.5% 

survive over 5 years (Figure 1-7) (88). The introduction of chemotherapeutics such as 

irinotecan, oxaliplatin, and capecitabine, as well as targeted therapy such as 

bevacizumab and the PCMs cetuximab and panitumumab, together with surgery have 

increased OS in the last two decades from 5 to 6 months to about 2½ years (see Table 

1-2) (63,83). It is in mCRC that PCM approaches have the greatest potential for 

improving patient outcomes. NHS mCRC patients are offered chemotherapy; 

FOLFOX (FOL– Folinic acid F – Fluorouracil OX – Oxaliplatin), FOLFIRI (FOL– 

Folinic acid F – Fluorouracil IRI – Irinotecan), or XELOX (capecitabine and 

oxaliplatin) in first- and second-line settings, in combination with targeted therapy. 

Cetuximab, or in certain treatment scenarios, panitumumab is given to mCRC patients 

with RAS wild-type (RASWT) tumours, and bevacizumab for those patients with RASmut 

tumours (although aflibercept may be prescribed as an alternative in a second-line 

setting). Trifluridine-tipiracil (TAS-102) is sometimes recommended in a third-line 

setting where these  
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Table 1-2 Potential CRC drugs, mechanism of action, toxicities, and potential biomarkers. 

Drug Mechanism of 

Action 

Adverse Effects Potential Biomarker 

5-FU  5-FU is an inhibitor of TS, by 

blocking synthesis of thymidine 

and thereby DNA replication. 

The most common adverse 

effects are myelosuppression and 

gastrointestinal toxicity  

*DPYD, TOPO1, OPRT, TYMS, 

TYMP, MTHFR, p53, ki67, 

PTGS2 

Aflibercept Targets VEGF, blocking 

angiogenesis. 

Proteinuria, thromboembolism, 

haemorrhage, intestinal 

perforation 

IL8 

Bevacizumab Targets VEGF, blocking 

angiogenesis. 

Hypertension, proteinuria, 

thromboembolism, impaired 

wound healing, bleeding, 

perforation, skin rash, and 

hypersensitivity reactions 

VEGF, VEGFR -1 

Capecitabine Prodrug enzymatically converted 

to 5-FU. 

As 5-FU. As 5-FU. 

Cetuximab Blocks EGFR from activating 

cell division. 

Dermatologic reactions, ocular 

toxicities, hypomagnesaemia, 

and diarrhoea. 

KRAS, BRAF, NRAS, PIK3CA, 

PTEN, p53, Epiregulin. 

Ipilimumab Targets CTLA-4, preventing 

inhibition of the immune 

response of cytotoxic T-cells 

against cancer cells. 

Fatigue, nausea, vomiting, 

diarrhoea, fever, headache, 

dizziness, rash, pruritus, and 

immune-related adverse events. 

MSI-H and TMB 

Irinotecan Stops DNA unwinding by 

topoisomerase 1 inhibition. 

Causes neutropenia and 

diarrhoea leading to dehydration. 

UGT1A1*28 polymorphism 

retards elimination of 

irinotecan’s active metabolite. 

Nivolumab Blocks PD-L1 binding to PD-1 

on T-cells, facilitating an 

immune response against the 

tumour. 

Fatigue, nausea, vomiting, 

diarrhoea, fever, headache, 

dizziness, rash, and immune-

related adverse events. 

MSI-H and TMB 

Oxaliplatin Causes platinum DNA adducts, 

preventing DNA replication and 

transcription, leading to 

apoptosis. 

Mucositis, myelosuppression, 

and haematological adverse 

reactions, neurosensory toxicity 

due to diffusion into tissues. 

ERCC1, ERCC2, XRCC1, 

GSTP1 

Panitumumab Panitumumab is an EGFR 

inhibitor like cetuximab. 

Allergic reactions are lower than 

Cetuximab as it is humanised. 

KRAS, BRAF, NRAS, PIK3CA, 

PTEN, p53, Epiregulin. 

Pembrolizumab As Nivolumab. As Nivolumab. MSI-H and TMB 

Ramucirumab Targets VEGFR-2 blocking 

downstream angiogenesis. 

Haemorrhage, hypertension, and 

thromboembolism.  

VEGFR-2 

Regorafenib TKI with anti-angiogenic 

activity targeting VEGFR-2. 

HFSR, diarrhoea, hypertension 

and fatigue 

VEGFR-2 

TAS-102 Induces DNA dysfunction, 

including DNA strand break and 

inhibitor of TS. 

Myelosuppression, 

nausea/vomiting, diarrhoea, 

decreased appetite, and fatigue 

MSI-H, and BRAF 

CTLA-4 - cytotoxic T-lymphocyte-associated protein 4; EGFR – epidermal growth factor receptor; MSI-H - microsatellite 

instability high; PD-1 - programmed cell death protein 1; PD-L1 - programmed death-ligand 1; TKI - tyrosine kinase inhibitor; 

TAS-102 - Trifluridine/tipiracil; TMB – tumour mutation burden; TS - thymidylate synthase; VEGF - vascular endothelial growth 

factor; VEGFR-1 - vascular endothelial growth factor receptor 1; VEGFR-2 - vascular endothelial growth factor. 

* Biomarkers in bold are stablished biomarkers for therapy selection 



Chapter 1  Introduction 

23 

therapies are not suitable, although at present there is no identified biomarker for this 

treatment. Finally, terminal patients are offered supportive and palliative care. 

Lynch Syndrome (LS) is the most common inherited CRC syndrome, accounting for 

3% of CRC in total. If LS is suspected, patients undergo genetic analysis to identify 

defects in DNA mismatch repair genes which leads to MSI-H, a hallmark of LS (90). 

Briefly, MSI-H patients have changes in the numbers of microsatellite repeat regions, 

reflecting an overall increase in mutation frequency across their genome, which 

presents phenotypically as highly immunogenic, explaining the success of PCMs such 

as pembrolizumab in treating LS CRC (91). 

 

1.8 Additional Reasons to Investigate PCMs in CRC. 

CRC was also selected for investigation as opposed to other cancers not only because 

it is a bellwether cancer, but also because the molecular landscape of CRC shares 

similarities with several other types of cancers. For instance, KRAS mutations are one 

of the most important drivers of cancer, while BRAF mutations (which occur in ~8% 

of CRCs) occur in other cancer types also (e.g. melanoma) (92,93). The anti-EGFR 

therapies that are employed in colorectal and lung cancer, target the MAPK pathway 

as do BRAF inhibitor treatments for colorectal, lung and thyroid cancers (93,94). HER2 

is another important oncogenic driver also implicated in breast cancer and CRC 

(95,96). Figure 1-8 illustrates how KRAS and HER2 gene status is exploited by PCM 

approaches, and Figure 1-9 shows how different therapeutic strategies operate in a 

CRC cell. Defining MSI status in mCRC patients informs treatment with immune 

checkpoint inhibitors such as pembrolizumab where, in a phase II trial, no response 

was seen in microsatellite stable mCRC patients versus a 40% response in MSI mCRC 

patients (97). Furthermore, when the MSI-H mCRC population is subtyped by tumour 

mutational burden (TMB), PFS with immune checkpoint inhibitors is >18 months 

(trial still ongoing) for the TMBhigh subgroup (n=13), versus 2 months for the TMBlow 

subgroup (n=6 of 9) (98). Analysing genomic variation that drives carcinogenesis not 

only identifies genomic biomarkers but also sheds light on potential therapeutic targets 

(99,100). 
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Figure 1-8 How precision cancer medicine assists in selecting 

patients for therapy in CRC. 

 

 

 

Figure 1-9 Precision cancer medicine treatments and their 

targeting pathways in a colorectal cancer cell. 
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1.9 Intermittent CRC Therapy with PCMs. 

Cancer is a Darwinian enigma. It is inherently an evolutionary process galvanised by 

genomic alterations, which true to Darwinian evolution, is compounded by selection 

pressures of the therapeutic intervention. These selection pressures eventually lead to 

drug resistance as the tumour evolves to survive (101). While genomic alteration can 

be addressed by matching the right drug to the right patient e.g. anti-EGFR therapy for 

RASWT mCRC patients, the alleviation of selection pressures requires a more nuanced 

approach of delivering the right drug at the right time. In short, continuous PCM 

therapy will cause the targeted drug-sensitive tumour to eventually evolve to evade 

treatment. McGranahan and Swanton speculate that eradicating these dominant drug-

sensitive cancer cells allows the release of drug-resistant “subclones”, the growth of 

which accelerate even faster than the cancer cells from which they mutated (102). This 

rapid acceleration of newly mutated sub-clones may account for the observation that 

treatment increases PFS but does not improve OS over non-treatment (see Figure 

1-10). The eventual rapid rise in tumour burden after initial increased PFS benefit is 

due to drug resistance after treatment. Secondary mutations occur which eventually 

negate PFS gains, leading to a similar OS in treatment and control-arms. Employing 

an intermittent drug therapy approach may allow a more biology-based approach to 

inform efforts to overcome treatment resistance (96).  Conventional therapy’s goal is 

to decrease tumour load, whereas adaptive or intermittent therapy’s goal is  to increase 

the time of PFS by stabilising tumour mass and increasing (or eliminating) the time 

before eventual drug resistance (103).  

The clinician can interrupt the therapy dosing schedule, with breaks in cancer 

treatment, allowing the tumour to re-sensitise to the initial therapy. During the break, 

ongoing monitoring of any progression of the tumour continues. Preliminary 

intermittent therapy studies monitor tumour progression by CT scans, whereas 

subsequent studies couple CT scans with longitudinal monitoring of the tumour by 

liquid biopsy (104,105). In contrast to solid biopsies conducted after initial surgical 

rescission, liquid biopsies are taken from a blood sample, which can be performed at 

any time, and are pain-free, minimally invasive, and do not require an operating theatre 

(80). The biomarker that would best ensure  effective longitudinal monitoring of CRC 

tumour dynamics is cell-free DNA, a remnant of dead CRC cells) which has been 

found to correlate with tumour progression as measured by CT scans (106).  
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Figure 1-10 Competitive Release of Resistance Subclones. 

Similar overall survival times, yet divergent progression-free survival times, between 

treated and un-treated patients may reflect competitive release of aggressive subclones, 

from McGranahan and Swanton (96). 

 

Liquid biopsies can track the DNA of RASWT cells of mCRC patients treated with anti-

EGFR monoclonal antibodies, and results from a number of studies indicate that the 

cells subsequently become RASmut on progression. On removal of anti-EGFR therapy, 

these RASmut cells decline, allowing re-challenge after treatment break (107,108). 

While showing great promise, there are limitations to overcome: these trials have been 

only run on small numbers of patients; the sensitivity and specificity rates have been 

called into question, primarily due to the lack of a standardised testing regimen; and 

the clinical significance of the clonal heterogeneity observed in CRC has yet to be fully 

understood (80). 
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1.10 Why Cost-effectiveness Analysis is integral to the adoption of 

PCMs into clinical practice. 

It is becoming increasingly clear that precision medicine will help redefine healthcare 

in the 21st century, especially in oncology. As questions of affordability in the face of 

escalating drug prices remain unanswered, regulatory bodies, payers, and the 

pharmaceutical industry will struggle with reimbursement planning. Furthermore, 

there are at present insufficient standardised evaluations applied to new interventions 

to determine whether these are delivering a real benefit, both in terms of health 

outcomes and cost-effectiveness. While prevention, detection and early intervention 

are the first lines of offense in managing cancer, traditional treatments, targeted 

therapies and PCMs must take into account that tumour dynamics make cancer a 

multifaceted moving target. It is important that health economic modelling is 

redesigned to address the new innovative therapeutic interventions outlined in this 

chapter 

1.11 Aims of the Thesis 

Healthcare systems are overburdened and framing health policies that can best allocate 

medical resources while increasing efficacy and eliminating wastage are required. 

PCMs, guided by genomic and other biomarkers, as well as surgery and radiotherapy 

are therapies that have the potential to increase cancer survival rates; the challenge is 

to do so cost-effectively. In Chapter 2, the cost-effectiveness of a number of genomic 

stratification tests to select CRC patients for therapy is addressed in a systematic 

review of economic analyses. Chapter 3 (and Chapter 4’s Supplemental data) 

comprehensively evaluates the economic burden of CRC in Europe, addressing 

healthcare services, pharmaceuticals, productivity losses and informal care in 33 

European countries. Finally, a CMA is conducted in Chapter 5, comparing continuous 

cetuximab (CC) therapy with intermittent cetuximab (IC) therapy using simulations of 

clinical trial data from the COIN-B trial (109)
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2 Molecular biomarkers and precision medicine in 

colorectal cancer: a systematic review of health 

economic analyses - Value for Money? 

2.1 Introduction 

Globally, CRC is the second most common cancer in women (~746,000 new cases 

annually), and third most common in men (~614,000 new cases annually); and the 

annual number of deaths approaches 700,000 (110). CONCORD-3 identified >5.9mn 

CRC patients in 2014 (111). In Europe, 447,000 new cases and 215,000 deaths are 

reported each year (112). The economic cost of CRC in the Europe (EU) alone is over 

€22 billion per year in healthcare costs (see Table 3-3) Within the UK, in 2015, almost 

42,000 new cases of CRC were documented, with over 16,000 CRC deaths and a cost 

of €2.3 billion (107,108, Table 3-3). 

An increased understanding of the biology of malignancy has indicated that many 

cancers, including CRC, are composed of a number of different molecular disease 

subtypes, which may show differing responses to therapeutic intervention. 

Identification of appropriate prognostic and predictive molecular biomarkers (MBMs), 

which can distinguish between these different subtypes, can assist clinical decision-

making, such that patients receive the most appropriate treatment based on their 

molecular profile. This stratified or precision medicine approach has the potential to 

contribute to enhanced therapeutic efficacy, while minimising treatment-related 

toxicity.  

To identify MBMs of the required clinical utility, e.g. diagnostic (identifying cancer 

subtype), predictive (determining likelihood of response to therapy), or prognostic 

(indicating course of disease), analytical platforms are becoming more sophisticated, 

incorporating technologies such as gene expression profiling and next-generation 

sequencing (NGS). Interpretation of data generated from these platforms is performed 

using different bioinformatics approaches, adding to overall complexity (65). The 

National Institute of Health (NIH) Genetic Testing Registry currently lists 30 MBM 

tests for CRC (115). These are employed for a variety of purposes, including: 

diagnosis, mutation detection/confirmation, pre-symptomatic indications, predictive 
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testing, prognostic determination, drug response evaluation, and treatment 

management. 

For researchers and clinicians to embrace a MBM test, it must demonstrate analytical 

validity, clinical validity, and, most importantly, clinical utility (116). These 

parameters should be established before a cost-effectiveness analysis (CEA) is 

attempted. Phillips et al. examined economic utility analyses of MBM tests in 

personalised/precision medicine and found that while nearly three quarters of the tests 

(72%) were associated with better outcomes, these outcomes were in many cases 

associated with higher costs (117). However, almost half of the MBM tests fell below 

a threshold of £35,000 (€40,000 or US$50,000) per quality-adjusted-life-year 

(QALY), and 20% of the tests showed evidence of cost-savings. A recent paper has 

identified several MBMs for CRC with prognostic (BRAF and DNA mismatch repair 

status) and predictive (KRAS and NRAS) utility (118). Sepulveda et al. (112) also note 

that mismatch repair status indicates a predictive benefit in patients assessed for 

immunotherapeutic intervention. 

Decision makers such as healthcare payers need to know both the financial and the 

health-related implications of introducing MBM testing. Limited information on the 

contribution to patient outcomes and societal benefit is often cited as the basis for lack 

of reimbursement for a particular MBM test (119). Therefore, the rationale for the 

systematic review reported here is to compile the body of cost effectiveness evidence 

generated for MBM testing for CRC in high income health systems, to determine if 

certain MBM tests can help deliver value-based care.  

 

2.2 Methods 

Following Preferred Reporting Items for Systematic Reviews and Meta-analyses 

(PRISMA) guidelines, this review is registered with PROSPERO (registration 

number: CRD42016038046) and the findings conform to that registration (120). 

 Scoping Search 

5-FU has been the backbone of chemotherapeutic regimens for CRC since the late 

1950s. As part of our initial scoping search, we identified thirteen other drugs that have 

been approved by the FDA for treatment of CRC since 1996 (see Table 2-1).  
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 Search Strategy 

Our research question, formulated using the PICOS framework (population, 

intervention, comparator, outcome, study design) was “What is the cost-effectiveness 

of using a MBM test for predicting response to therapy in CRC?” PICOS was 

employed to develop a search limited to studies that performed economic evaluation 

of patients diagnosed with CRC, who were subsequently stratified for treatment 

selection by the result of a MBM test. Initially, a scoping search was performed to 

identify keywords and MeSH headings. Articles were identified by systematic 

literature search if they were published between 1 January 2006 and 31 December 

2016. We searched MEDLINE, EMBASE, Cochrane Library, SCOPUS, Web of 

Science, Econlit and SCHARR. Meeting presentations were also searched for the same 

time period in the American Society of Clinical Oncology (ASCO) and International 

Society for Pharmacoeconomics and Outcomes Research (ISPOR) websites. Boolean 

operators were used to set up weekly searches of the above databases throughout the 

preparation of the review to keep it current, with the addition of Google Scholar alert 

searches at least 3 times per week All bibliographic references retrieved via the 

searches were exported to reference management software, and duplicates were 

removed before the study selection step. 

 Study Selection 

Articles were screened for eligibility based on the following criteria (Table 2-2): 

Titles and abstracts of all articles were reviewed for eligibility and only accepted if the 

above criteria were met. Four reviewers Raymond Henderson (RH), Declan French 

(DF), Mike Clarke (MC), and Mark Lawler (ML) independently evaluated the full text 

of potentially eligible articles to determine whether to include these articles in this 

review. A lack of consensus over eligibility was resolved between the four reviewers. 

If doubts remained about the suitability of the study (such as academic posters which 

lack full peer review), such reports were included if presented at high quality 

conferences. 

The integrity of each study was assessed according to a checklist developed by the 

ISPOR Consolidated Health Economic Evaluations Reporting Standards (CHEERS) 

Task Force Report (121). This underpinned the development of a quality rating for 

each study, thus allowing rigorous evaluation of the strength of the data provided.   
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Table 2-1 CRC therapies, their approval dates, acquisition costs, and MBMs. 

FDA 

Approval 

(122) 

Therapy Therapy 

Type 

Annual Cost NICE 

Approval 

(123) 

EMA 

Approval 

(124) 

Putative 

Biomarker 

Biomarker 

Predictive 

of 

Therapy 

Biomarker 

Prognostic 

of Risk 

Reference 

1962 Fluorouracil Chemo-

therapy 

£330 (€375) (125) Predates 

NICE 

Predates 

EMA 

MSI-H 

DPYD 

 

Yes 

Yes (126) 

(127) 

1996 Irinotecan Chemo-

therapy 

£7,852 (€8,921) 

(128) 

2002 ND UGT1A1 Yes  (129) 

2002 Oxaliplatin Chemo-

therapy 

£18,528 (€21,111) 

(128) 

2002 ND Oncotype DX  Yes (130) 

2005 Capecitabine Chemo-

therapy 

£6,789 (€7,713) 

(131) 

2003 2001 DPYD Yes  (131) 

2004 Bevacizumab Targeted 

Therapy 

£36,000 (€40,900) 

(132) 

2007 2005 VEGF 

VEGFR-1 

Yes 

Yes 

 (133) 

2004 Cetuximab Targeted 

Therapy 

£37,000 (€42,036) 

(132) 

2007 2004 RAS (KRAS 

and NRAS) 

BRAF 

Yes 

 

Yes 

 

 

Yes 

(134) 

2006 Panitumumab Targeted 

Therapy 

£49,000 (€55,669) 

(132) 

2011 

(No) 

2009 RAS (KRAS 

and NRAS) 

BRAF 

Yes 

 

Yes 

 

 

Yes 

(134) 

2011 Ipilimumab Immuno-

therapy 

£75,000 (€85,208) 

(135) 

In 

appraisal 

Not 

appraised 

MSI-H Yes Yes (136) 

2012 Aflibercept Targeted 

Therapy 

£30,000 (€34,084) 

(137) 

2014 

(No) 

2013 IL8 Yes  (138) 

2014 Nivolumab Immuno-

therapy 

£91,000 (€103,385) 

(135) 

In 

appraisal 

Not 

approved 

MSI-H Yes Yes (136) 

2015 Ramucirumab Targeted 

Therapy 

£100,000 

(€113,610) (139) 

2016 2014 VEGFR-2 Yes  (140) 

2012 Regorafenib Targeted 

Therapy 

£58,000 (€65,894) 

(141) 

2015 

(No) 

2013 VEGFR-2 Yes  (142) 

2015 Pembrolizumab Immuno-

therapy 

£86,000 (€97,705) 

(143) 

In 

appraisal 

Not 

appraised 

MSI-H Yes Yes (136) 

2015 TAS-102 Chemo-

therapy 

£26,416 (€30,011) 

(144) 

2016 2016 None 

presently 

identified 

N/A N/A  

BRAF - gene for B-raf; DPYD - dihydropyrimidine dehydrogenase; EMA – European Medicines Agency; FDA – Food and Drug 

Administration; IL8 – interleukin 8; KRAS - kristen retrovirus-associated DNA sequences; MSI-H - microsatellite instability 

high; NICE – National Institute for Health and Care Excellence; ND – not described; RAS - retrovirus-associated DNA sequences; 

TAS-102 - Trifluridine/tipiracil; UGT1A1 - UDP glucuronosyltransferase 1 family, polypeptide A1; VEGF - vascular endothelial 

growth factor; VEGFR-1 - vascular endothelial growth factor receptor 1; VEGFR-2 - vascular endothelial growth factor receptor 

2. 

Bevacizumab is a monoclonal antibody that targets the protein VEGF blocking angiogenesis. 

Cetuximab is a monoclonal antibody that targets the epidermal growth factor receptor (EGFR) blocking cell growth. 

Panitumumab is a monoclonal antibody that targets the EGFR blocking cell growth. 

Ipilimumab is a monoclonal antibody that targets cytotoxic T-lymphocyte-associated protein 4 (CTLA-4) preventing it from 

inhibiting the immune response of cytotoxic T cells against cancer cells. 

Aflibercept is a recombinant fusion protein that targets the protein VEGF blocking angiogenesis. 

Nivolumab is a monoclonal antibody that blocks programmed cell death 1 ligand 1 (PD-L1) from binding to programmed cell 

death protein 1 (PD-1) on the T cell allowing an immune response against the tumour. 

Ramucirumab is a monoclonal antibody that targets the protein VEGFR-2 blocking downstream angiogenesis. 

Regorafenib is a protein tyrosine kinase inhibitor (TKI) with anti-angiogenic activity targeting VEGFR-2. 

Pembrolizumab is a monoclonal antibody that blocks PD-L1 from binding to PD-1 on the T cell allowing an immune response 

against the tumour 
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Table 2-2 Screening Criteria and Study Design for Systematic Review 

1. Patients: Diagnosed with CRC, not limited by age, gender, staging, or type of 

treatment intervention. 

2. Intervention: MBMs including: Single or multi-gene tests (Cobas, Snapshot, 

Therascreen, High Resolution Melting Assay (HRMA), Sanger sequencing, 

pyrosequencing, NGS, multigene assays, mutational analysis); gene expression 

profiling (Oncotype DX®, Coloprint); protein-based tests 

[immunohistochemistry (IHC)]. All other tests were excluded. 

3. Comparator: No MBM test. 

4. Outcomes: The health economic indicator incremental cost-effectiveness ratio 

(ICER) was investigated, as it relates to cost per QALY and cost per life year 

gained (LYG). 

5. Study design: Screening for economic analyses based on models (which draw 

data from trials, resource use and health utility in a disaggregated form) or trials 

(which prospectively include all the required data). These included CEA, cost-

benefit analysis (CBA), cost-minimization analysis (CMA) and cost-utility 

analysis (CUA). Budget-impact, reviews, letters and editorials were excluded 

from the systematic review, but were retained for reference. 

 

Quality ratings were assigned in five categories: Excellent (✔✔✔✔✔) if a 

study met 23-out-of 24 CHEERS criteria; good (✔✔✔✔) if 21-22 criteria were 

met; studies meeting 19-20 criteria were graded as medium (✔✔✔). If only 17- 

18 criteria were met, the study was graded as low (✔✔), while studies with 16 

criteria or less being met were graded as poor (✔). 

 Mathematical Formulae employed 

In cases where more than one therapy was modelled, the reported ICER might not be 

compared to the base case, e.g. best supportive care (BSC). In these instances, we 

calculated the ICER based on reported costings and QALYs for the MBM test using 

the following formula: 
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𝑰𝑪𝑬𝑹 =
∆ 𝑪𝒐𝒔𝒕𝒔

∆ 𝑸𝑨𝑳𝒀𝒔
 

Where LYGs were reported, but not QALYs, and no health utility was reported then: 

𝑸𝑨𝑳𝒀𝒔 = 𝑳𝒀𝑮𝒔 × 𝟎. 𝟖 

The baseline health utility score of 0.8 was calculated from studies identified in our 

systematic review, which ranged from 0.71 to 0.87 for progression-free survival (PFS) 

in CRC patients, which conforms with a published systematic review of health utility 

values for CRC (145). Conversely, where QALYs were reported but not LYGs, and 

no health utility was reported then: 

𝑳𝒀𝑮𝒔 =
𝑸𝑨𝑳𝒀𝒔

𝟎. 𝟖
 

2.3 Results 

 Scoping Results 

For each therapeutic intervention indicated, we listed the dates of FDA, European 

Medicines Agency, and NICE approval. We have identified the annual costs for each 

of these therapies, adjusted to 2016 £GBP and Euros using the CCEMG (Campbell 

and Cochrane Economics Methods Group) - EPPI (Evidence for Policy and Practice 

Information) - Centre Cost Converter (146). We have also listed putative MBMs for 

each therapeutic intervention, where applicable, and noted whether each MBM was 

predictive of therapy, or prognostic of risk (see Table 2-1). 

Costs listed in Table 2-1 are drug acquisition costs and do not include costs of 

outpatient visits, hospitalisation, treatment of side effects, etc. A potential benefit of 

targeted approaches using biological-based therapy is the avoidance or lessening of 

adverse effects (AEs); e.g. AEs resulting from EGFR-targeted therapy are relatively 

mild (e.g. skin rash) in comparison to those observed with 5-FU (myelosuppression 

and gastrointestinal toxicity) (147,148). It can be difficult to compare targeted therapy 

directly to chemotherapy as in many instances both are administered in combination, 

but where targeted therapy is employed, there is potential for a consequential 

therapeutic benefit in advanced CRC (149). The MBMs listed in Table 2-1 represent 

the biomarkers most frequently employed for the indicated therapy. 
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 Study Selection 

The Study Selection Workflow is outlined in Figure 2-1. Our initial database search 

and other electronic searches (ASCO, ISPOR) followed the search strategy set out in 

the Methods section and identified 6,706 records. We developed a text-mining 

algorithm based on health economic filters, as there was a paucity of these represented 

in the identified records. Consequently, 6,560 records were excluded, and the 

remaining 146 records were imported into reference management software, where 

duplicate records (n=25) were removed. A total of 121 articles were then screened for 

eligibility. After full text examination, 25 articles were excluded as these reported 

CEAs that related to screening of families for hereditary CRC, which is not relevant 

to the research question being posed in this particular systematic review. A further 16 

articles were either reviews or systematic reviews which were retained for reference, 

and 5 articles did not mention the terms LYG, QALY, or ICER. A total of 12 other 

articles did not include CBAs, CEAs, CMAs, or CUAs and 12 articles focused on CRC 

therapy alone, not taking into account the use of MBM tests to help guide therapy. On 

further examination, 7 articles were identified as duplicate studies (earlier abstract 

reports of the same study or versions of the same study published in other languages), 

a further 7 were abstracts without sufficient information, 3 articles involved a mixed 

population of cancer types which either included data already captured or aggregated 

data from which CRC-specific data could not be extracted, 1 was an incomplete trial 

with insufficient data, and 5 were letters with insufficient detail for inclusion. In total, 

14 eligible studies remained which involved economic evaluation of a MBM test for 

guiding therapeutic intervention in CRC. 

 Data Extraction 

We extracted empirical and methodological data and imported the data into Microsoft 

Excel. Extracted features included: author, year, country of study, CRC 

stage/metastases/not described, therapy, biomarker utilised, LYG, QALY, and ICER 

employed (Table 2-3, 2-4, and 2-5). We also extracted author, perspective (healthcare 

payer, health insurance or hospital), modelling approach, time horizon (duration of 

therapy), discounting applied, health utility questionnaire, setting and location, 

comparisons, scenario analysis, deterministic sensitivity analysis (DSA), and 

probabilistic sensitivity analysis (PSA) to prepare Table 2-6, 2-7, and 2-8. If there was  
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Figure 2-1 PRISMA Flow Diagram 

Figure 2-1 shows the flow of identified publication records through screening, assessment for eligibility, and inclusion.
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insufficient data (e.g. abstract reports from conferences), we emailed the original 

authors for further details. 

A quality rating for each study was determined (see Methods, section 2.2.3) which 

allowed us to assign a level of confidence in the strength of evidence for each study. 

The quality assessment was performed by one reviewer, checked by a second reviewer 

and any disagreement was resolved by the third and fourth reviewers. 

 Data Synthesis 

Data capture and quality analysis for each study of cost-effectiveness were represented 

in Table 2-3 through Table 2-8, and as a narrative summary. Where appropriate, costs 

were adjusted for year, inflation, and local currency using the CCEMG - EPPI - Centre 

Cost Converter (117). The modelling techniques used in the different studies were 

compared, and their robustness analysed. Finally, the quality of our systematic review 

itself was checked using two instruments, AMSTAR (Assessing the Methodological 

Quality of Systematic Reviews) (150) and MECIR (Methodological Expectations of 

Cochrane Intervention Reviews) (151). 

 Study Characteristics 

Table 2-3, 2-4, and 2-5 outline the characteristics, resulting outcomes, and quality 

assessment of each study. 

DPYD 

Table 2-3 lists one study that evaluated DPYD gene status in relation to 5-FU toxicity 

(152). 5-FU is converted to dihydrofluorouracil by the enzyme dihydropyrimidine 

dehydrogenase (DPD), expressed by the DPYD gene. More than 80% of administered 

5-FU is detoxified in the liver by DPD metabolism (153).  

UGT1A1 

Table 2-3 lists four economic evaluations involving UGT1A1 testing to guide 

irinotecan dosing (154–157). The chemotherapy drug irinotecan is converted 

principally in the liver by carboxylesterase to SN-38, the active anticancer agent which 

inhibits topoisomerase I (158).  

KRAS/BRAF 

Table 2-4 groups the genes RAS (KRAS and NRAS) and BRAF, (which are expressed 

as signalling molecules in the mitogen-activated protein kinase pathway (MAPK)) in 
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relation to their use as prognostic/predictive MBMs in CRC. Tumours harbouring 

mutated forms of these genes are resistant to anti-epidermal growth factor receptor 

(EGFR) therapy (159). RAS (KRAS and NRAS) mutations occur in 53% of CRC 

patients (16) and BRAF mutations in approximately 10% (160). Most of the economic 

analyses are performed in the context of genotyping the patient for RAS mutational 

status (KRAS and NRAS) before either treatment with an EGFR monoclonal antibody 

or chemotherapy treatment. The majority of health economic evaluations (N = 8) 

involved RAS and BRAF testing prior to CRC treatment with cetuximab and 

panitumumab (161–168). 

Oncotype DX 

Table 2-5 records data associated with the use of a 12-gene assay (Oncotype DX colon 

cancer) as a predictor of the risk of CRC recurrence, thus informing the choice of 

fluoropyrimidine and FOLFOX  treatment options (169).  

Table 2-3 Study characteristics, outcomes, and quality assessment of DPYD and UGT1A1 

studies 

Author Year Countrya CRC Type Therapy Biomarker 

(Methodology) 

LYG QALY ICER (£&€/QALY) Quality 

Rating 

Traoré 

et al. (123) 

2012 France ND 5-FU DPYD (genotyping/ 

phenotyping) 

No No £2,795b (€3,175) 

 

✔ 

Butzke et 

al. (125) 

2015 Germany Metastatic FOLFIRI UGT1A1 (PCR) < 1 day <1 day £60,566,870 (€68,810,212) ✔✔✔✔ 

Gold et al. 

(126) 

2009 USA Metastatic FOLFIRI UGT1A1 (PCR) < 1 day <1 day Dominatedd ✔✔✔ 

Obradovic 

et al. (127) 

2008 USA Metastatic Irinotecan UGT1A1 (PCR) 0.02233 0.01786

c 

£1,318,354 (€1,497,786) ✔✔ 

Pichereau 

et al. (128) 

2010 France Metastatic FOLFIRI UGT1A1 (PCR) No No £966e (€1,097) ✔✔✔ 

5-FU - Fluorouracil; FOLFIRI - FOL - Folinic acid (leucovorin) F - Fluorouracil (5-FU) IRI - Irinotecan (Campto); FOLFOX 

– FOL - Folinic acid (leucovorin) F - Fluorouracil (5-FU) OX - Oxaliplatin (Eloxatin); ICER - incremental cost-effectiveness 

ratio; LYG - Life year gained; ND – Not described; PCR - polymerase chain reaction; QALY - quality-adjusted-life-year 

a  Country evaluated. 

b  LYG or QALY not stated. 

c  Figures in bold calculated from a 0.8 health utility score. 

d  Dominated – other treatments are less costly and more effective 

e  ICER not based on £/QALY, but as the cost to avoid one febrile neutropenia event per 1000 patients. 

  



Chapter 2  Systematic Review 

38 

 

Table 2-4 Study characteristics, outcomes, and quality assessment of BRAF and RAS 

(KRAS and NRAS) studies 

Author Year Countrya CRC Type Therapy Biomarker 

(Methodology) 

LYG QALY ICER (£&€/QALY) Quality 

Rating 

Behl et al. (132) 2012 USA Metastatic Cmab 

Cmab 

KRAS                     

KRAS & BRAF 

(PCR clamping and 

melting curve method) 

0.0344

0.0340 

0.0275

0.0272 

£409,877 (€465,633) 

£396,507(€450,473) 

✔✔✔ 

Blank et al. 

(133) 

2011 Switzerland Metastatic Cmab 

Cmab 

KRAS                     

KRAS & BRAF 

(PCR, then sequencing) 

0.6163

0.6138 

0.4930

0.4910 

£49,735 (€56,505) 

£48,999 (€55,688) 

✔✔✔✔ 

Carlson JJ (134) 2010 USA Metastatic Cmab KRAS  

(PCR, then sequencing) 

0.1500 0.1100 £204,766 (€232.635) ✔ 

Harty, Jarret, and 

Jofre-Bonet 

(135) 

2015 UK Metastatic Cmab 

Cmab 

KRAS                       

RAS 

(PCR clamping and 

melting curve method) 

0.2900

0.4500 

0.2200

0.2400 

£73,003 (€82,939) 

£44,767 (€50.860) 

✔ 

Health Quality 

Ontario. (136) 

2010 Canada Metastatic Cmab 

Pmab 

Cmab + 

Irinotecan 

KRAS (Therascreen) 0.3951

0.2903

0.6591 

0.3082

0.2264

0.5141 

£35,095 (€40,440) 

£30,607 (€34,773) 

£27,351 (€31,074) 

✔✔✔ 

Shiroiwa et al. 

(137) 

2010 Japan Metastatic Cmab KRAS  

(PCR, then sequencing) 

0.1800 0.1300 £109,452 (€124,349) ✔✔✔✔ 

Vijayaraghavan 

et al. (138) 

2011 USA & 

Germany 

Metastatic Cmab 

Pmab 

Cmab + 

Irinotecan 

KRAS                     

(PCR, then sequencing) 

0.3804

0.3511

0.4665 

0.3043

0.2809

0.3732 

£58,210 (€66,133) 

£54,138 (€61,506) 

£72,714 (€82,611) 

✔✔ 

Westwood et al. 

(139) 

2014 UK Metastatic Cmab KRAS (Therascreen) 0.2250 0.1800 £17,616 (€20,013) ✔✔✔✔ 

Cmab - cetuximab; EGFR – epidermal growth factor receptor; Pmab - panitumumab 

a  Country evaluated. 

b Figures in bold calculated from a 0.8 health utility score. 
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Table 2-5 Study characteristics, outcomes, and quality assessment of Oncotype DX studies  

Author Year Countrya CRC Type Therapy Biomarker 

(Methodology) 

LYG QALY ICER (£/QALY) Quality Rating 

Alberts et 

al. [39] 

2014 USA Stage II, 

T3, MMR-

P 

Fluoro-

pyrimidine 

and FOLFOX 

Oncotype DX 

(12-gene assay 

RT-PCR) 

0.1425b 0.114 £21,052c(€23,917) ✔✔✔✔✔ 

MMR-P – mismatch repair proficient; RT-PCR - reverse transcriptase PCR 

a  Country evaluated. 

b  Figures in bold calculated from a 0.8 health utility score. 

c  Based on a converted US list price of £2,400 for the Oncotype DX colon test. 

 

 Health Outcomes for each MBM 

DPYD 

The ICER generated for DPYD (£2,795 or €3,175) in Table 2-3 is based on neither 

LYG nor QALY metrics, but on the prevalence of toxicity episodes from 5-FU, that 

is, cost per toxicity (123).  

UGT1A1  

The CEAs for UGT1A1 testing were used to guide irinotecan dosing (Table 2-3). The 

ICERs generated here were all above the NICE threshold of £30,000 (€34,083), with 

the exception of one study (128), but in this case the ICER was based on numbers of 

febrile neutropenic events avoided, and not on LYGs or QALYs. Table 2a lists the 

most significant QALYs generated by these CEAs as being only 6.5 quality-adjusted 

life days (QALDs) (127). The two medium and good quality UGT1A1/irinotecan CEA 

studies generated even smaller QALYs, at an average increment that is calculated as 

less than 2 hours (125) and a decrement of less than two hours (126), which in turn led 

to the generation of very high ICERs. Additionally, although the Obradovic et al. (127) 

study indicates 6.5 QALDs, we agree with the report from the Centre for Reviews and 

Dissemination at the University of York (170), that these results should be treated with 

caution, as the protocol was insufficient in detail to allow a quality assessment to be 

performed 

KRAS/BRAF  

The results in Table 2-4 indicated that the Health Quality Ontario (HQO) study and 

the Westwood et al. study both yielded ICER values that fell below the NICE 
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threshold. HQO performed three studies, one of which produced an ICER of £27,351 

(€31,074), and 187 QALDs using KRAS testing prior to cetuximab plus irinotecan 

treatment, compared to best supportive care (BSC – palliative care) (136,139). The 

second HQO CEA for KRAS screening prior to panitumumab treatment (compared to 

BSC) came very close to the NICE threshold with an ICER of £30,607 (€34,773) and 

over 82 QALDs. The third HQA CEA for KRAS screening before cetuximab 

monotherapy (compared to BSC) generated an ICER above NICE’s threshold at 

£35,095 (€40,440) with 112 QALDs; however, these 3 studies were rated as medium-

quality studies, as the report did not outline a structured summary, describe its 

analytical methods, or mention funding sources and conflicts of interest. The CEA 

from the Westwood et al. study resulted in an ICER of £17,616 (€20,013) and 66 

QALDs and was rated a good quality study in respect to the CHEERS criteria (139). 

The other two good quality studies, by Shiroiwa et al. and Blank et al., produced 

ICERs of £109,452 (€124,349) (over 45 QALDs for KRAS testing prior to cetuximab 

treatment) and £48,999 (€55,668) (over 179 QALDs for combined KRAS and BRAF 

screening prior to cetuximab treatment), respectively. These ICERS were above the 

NICE threshold of £30,000 (€34,083) (133, 137). The remaining studies were of 

medium to poor quality, missing important details when applying the CHEERS 

checklist.  

Oncotype DX  

In Table 2-5, the Oncotype DX test for predicting CRC recurrence had a QALY of 

0.114, just over 41 QALDs, and the ICER of £21,052 (€23,917) was below NICE’s 

threshold of £30,000 (€34,083) (140).  

 

 Type of Economic Evaluation undertaken for each MBM 

All studies undertaken were CEAs. 

DPYD 

Incremental costs relating to toxicities following 5-FU administration are indicated in 

Table 2-3 (123).  
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UGT1A1 

In the CEAs detailing UGT1A1 genotyping to guide irinotecan dosing, one study 

reported ICER per LYG, two studies reported ICERs per QALY, while Pichereau et 

al. based their ICER on cost to avoid 1 case of febrile neutropenia per 1000 patients 

(125-128). 

 

RAS/BRAF 

In Table 2-4, 6 of the CEAs involving RAS (KRAS and NRAS) and BRAF testing 

utilised QALYs to calculate their ICERs. The exceptions are Behl et al. and 

Vijayaraghavan et al, which employed LYGs (132,138). 

Oncotype DX  

In Table 2.5, Alberts et al. calculated the QALY for the Oncotype DX assay (140).  

 

 Healthcare Perspective, Decision Model, and Time Horizon for 

each MBM evaluated 

Table 2-6, 2-7, and 2-8 outline the methods and models used in the included studies 

DPYD 

Traoré et al. did not describe the healthcare perspective for their DPYD testing CEA. 

A decision analytic approach in combination with a Markov model was employed to 

assess resource use and health outcomes. The time horizon was 2 cycles of 

chemotherapy (123). 

UGT1A1 

The healthcare perspective for CEAs for UGT1A1 genotyping to guide irinotecan 

dosing was described from the perspective of the healthcare payer in 3 studies, whereas 

Pichereau et al. focussed on the perspective of the hospital (Table 2-3) (125-128). 

While Butzke et al. employed a decision analytic approach in combination with a 

Markov model and a lifetime time horizon, the remaining 3 studies solely employed a 

decision tree to model treatment strategies, with no specified time horizon (Table 2-6) 

(125-128). 
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RAS/BRAF 

CEA analysis for RAS (KRAS and NRAS) and BRAF MBM testing to inform anti-

EGFR therapy was modelled in 6 of 8 studies from the healthcare payer perspective 

(Table 2b). All employed a decision analytic approach in combination with a Markov 

model. Seven (7) of 8 employed a time horizon which varied from 2.5 years to a 

lifetime horizon (Table 3b), the sole exception being Carlson et al., which we ranked 

as a poor-quality study (missing information included; a structured summary, setting 

and location, study perspective, time horizon, assumptions made, funding, and 

conflicts of interest) (134). 

Table 2-6 Methodological characteristics of DPYD and UGT1A1 studies 

Author Perspective Modelling 

Approach 

Time 

Horizon 

Discount Health 

Utility 

Setting WTP 

Threshold 

Scenario 

Analysis 

DSA PSA 

Traoré 

et al. (123) 

ND Decision 

analytic -Markov 

2 cycles of 

chemo-

therapy 

No No ND ND No No Yes 

Butzke et 

al. (125) 

German 

statutory 

insurance 

Decision 

analytic -Markov 

Lifetime 3% EQ-5D German 

population 

€50,000 No Yes Yes 

Gold et al. 

(126) 

Medicare 

payer 

Decision 

analytic 

No 3% Yes ND US$100,000 No Yes Yes 

Obradovic 

et al. (127) 

US health-

care payer 

Decision 

analytic 

No No No ND US$100,000 No No Yes 

Pichereau et 

al. (128) 

French 

hospital 

Decision 

analytic 

No No No Medical care 

practice in 

France 

ND No No Yes 

DSA - Deterministic Sensitivity Analysis; EQ-5D – EuroQol five dimensions’ questionnaire; PSA - Probabilistic Sensitivity 

Analysis; WTP – Willingness to Pay 
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Table 2-7 Methodological characteristics of BRAF and RAS (KRAS and NRAS) studies. 

Author Perspective Modelling 

Approach 

Time 

Horizon 

Discount Health 

Utility 

Setting WTP 

Threshold in 

LCU 

Scenario 

Analysis 

DSA PSA 

Behl et al. (132) ND Decision 

analytic -Markov 

2½ 

years 

3% No ND US$100,000 No No Yes 

Blank et al. (133) Swiss health 

system 

Decision 

analytic -Markov 

Lifetime 3% HUI3 ND €40,000 Yes Yes Yes 

Carlson JJ. (134) 

 

ND Decision 

analytic -Markov 

No 3% Yes ND US$0 to 

$300,000 

CEAC 

No Yes No 

Harty, Jarret, and 

Jofre-Bonet (135) 

NHS Decision 

analytic -Markov 

10 years No No ND £50,000 No Yes No 

Health Quality 

Ontario. (136) 

Ontario Ministry 

of Health and 

Long-Term Care 

Decision 

analytic -Markov 

Lifetime 5% QLQ-C30 Ontario CAD$50,000 No No Yes 

Shiroiwa et al. 

(137) 

Japanese 

healthcare payer 

Decision 

analytic -Markov 

2½ 

years 

3% HUI3 ND ¥5 to 6 

million 

Yes Yes Yes 

Vijayaraghavan et 

al. (138) 

US & German 

healthcare payer 

Decision 

analytic -Markov 

Lifetime No No ND ND No Yes No 

Westwood et al. 

(139) 

NHS Decision 

analytic -Markov 

23 years 3.5% EQ-5D England 

and Wales 

ND No Yes No 

HUI3 - Health Utility Index Mark 3; QLQ-C30 - Quality-of-Life Questionnaire; CEAC – Cost-Effective Acceptability Curve; 

LCU – Local Currency Units; ND Not described; NHS – National Health System 

a Country evaluated. 

Table 2-8 Methodological characteristics of Oncotype DX study 

Author Perspective Modelling 

Approach 

Time 

Horizon 

Discount Health 

Utility 

Setting WTP 

Threshold 

in LCU 

Scenario 

Analysis 

DSA PSA 

Alberts et al. 

(140) 

US third 

party payer 

Decision 

analytic-Markov 

5 years 3% Yes Physicians in 

the MCCRC 

US$50,000 Yes Yes yes 

LCU – local currency units; MCCRC - Mayo Clinic Cancer Research Consortium 

Oncotype DX 

The perspective of the healthcare payer was employed for the Oncotype DX study 

(Table 2-8). A decision analytic approach in combination with a Markov model was 

employed with a 5-year time horizon (Table 2-8). 
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 Discounting, and Health Utility for each MBM evaluated  

Discounting should reflect each country’s borrowing rate, but in health economic 

analysis the discount rate is usually set by the modellers at between 0% and 7%, with 

3% and 5% being the most frequently quoted figures. However, it has previously been 

reported that almost a third of economic evaluations in healthcare do not use a discount 

rate (171). Our findings were similar, with 5 of 14 (36%) studies not using a discount 

rate. 

DPYD 

A discount rate was not used. No health utility questionnaire was employed. 

UGT1A1 

Two (2) of 4 UGT1A1 studies employed a discount rate of 3% (125,126). These studies 

also employed a health utility questionnaire; EQ-5D was used by Butzke et al. while 

Gold et al. did not specify which health utility questionnaires they employed 

(125,126). 

RAS/BRAF 

Six (6) of 8 RAS/BRAF studies employed a discount rate, which ranged from 3-5%. 

Five (5) of 8 studies employed a health utility questionnaire; in 4 cases the type of 

health utility questionnaire was indicated (Table 2-7) (133,136,137,139). 

Oncotype DX 

The Oncotype DX study employed a discount rate of 3% and used a health utility 

questionnaire, but the type of questionnaire was not specified (Table 2-8). 

In summary, only CEAs with a good or excellent rating captured the healthcare 

perspective, decision model, time horizon, discounting, and health utility 

(125,133,136,137,139). The remaining studies were inconsistent, only capturing a 

number of these parameters. Only 4 studies described a setting and/or location; 

Pichereau et al. and Butzke et al. for UGT1A1 testing, HQO for KRAS testing and 

Alberts et al. for Oncotype DX testing (125,127,136,140). Only Traoré et al’s DPYD 

study used a single study; the remainder were synthesis based (123). None of the 

studies covered a reduction in productivity due to AEs, illness, or death. 
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 Willingness to Pay Thresholds for each MBM evaluated 

DPYD 

A willingness to pay (WTP) threshold was not used. 

UGT1A1 

Three (3) out of 4 studies reported WTP thresholds, which range from €50,000 in 

2013 (£46,950 or €53,340) to US$100,000 in 2006 (£81,606 or €92,713) 

(125,127,128). 

RAS/BRAF 

Six (6) of 8 studies used a WTP threshold which ranged from a Canadian study which 

set the threshold at CAD$50,000 (£32,019 or €36,377) to a US study which set the 

threshold at US$100,000 (£76,440 or €86,844) (132,136). Carlson constructed a cost-

effective acceptability curve (CEAC) with a WTP threshold between US$0 and 

US$300,000 (£0 or €0 and £232,122 or €263,715) while Westwood et al. utilised a 

CEAC with a WTP threshold up to £100,000 (€111,159) (134,139). Vijayaraghavan 

et al. did not use a WTP threshold (138).   

Oncotype Dx 

Alberts et al. limited the WTP threshold to US$50,000 (£35,595 or €40,440) (Table 

2-8) (140). 

 

 Sensitivity Analyses for each MBM evaluated 

Sensitivity analyses were performed to test the degree of uncertainty in health benefits 

and costs. DSA tested parameters such as clinical effects, disease progression, QALYs 

and costs one at a time, while the superior PSA tested these parameters in combination. 

DPYD 

Traoré et al. conducted a PSA, but did not detail the findings in their report (123).  

UGT1A1 

Gold et al. and Butzke et al. performed both DSA and PSA, whereas Obradovic et al. 

and Pichereau et al. only performed PSA (125-128). These analyses were employed to 

address the uncertainty surrounding the cost-effectiveness of irinotecan dosing based 

on the application of the UGT1A1 MBM test. 
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RAS/BRAF 

The PSA in the HQO paper showed that for KRAS testing, cetuximab plus irinotecan 

was the most cost-effective therapy when compared to BSC (136). The DSA from 

Vijayaragharan et al. indicated that the most sensitive parameter in the model was the 

percentage of KRASWT patients in the population (138). The DSA used by Shiroiwa et 

al. did not find parameter changes to have an effect on the results, whilst their PSA 

found KRAS testing to be 62% cost-effective at a WTP threshold of ¥20 million 

(£196,010 or €222,688) (137). The PSA from Westwood et al. did not vary much from 

the base case, that is, all KRAS testing strategies were almost equal (139). 

The scenario analysis performed by Blank et al. [31] described a minor impact on the 

ICER (133). Blank et al. also noted KRAS and BRAF testing to be the dominant 

strategy at a WTP threshold of €10,000 to €40,000 (£13,930 to £38,892), whilst at a 

WTP threshold greater than €40,000 (£38,892), KRAS testing was dominant (133). The 

tornado plot by Harty et al. indicated that the duration in first line progression was 

most sensitive in the DSA (135). The DSA performed by Behl et al. revealed the model 

to be sensitive to conversion of chemotherapy costs, cetuximab therapy, and the cost 

of surgery (132). Carlson’s DSA detailed via a tornado plot how BSC was most 

sensitive to difference in QALYs (134). 

Most studies which used a PSA approach came to the same conclusion, namely that it 

is most cost-effective to use a MBM to test for treatment selection before therapy 

(133,136,137,139). 

Oncotype Dx 

The DSA and PSA indicated that QALYs were sensitive to: (1) benefit of 

fluoropyrimidine monotherapy over surgery alone, (2) benefit of FOLFOX over 

fluoropyrimidine monotherapy, and (3) time preference discount rate.  

 

 Cost comparison of Anti-EGFR Therapy versus Chemotherapy or 

BSC 

Table 2-9 lists the four studies which included costs of treatment with anti-EGFR 

therapy compared to chemotherapy (or BSC). For patients with a mutation, health  
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Table 2-9 Annual cost savings per patient of not using anti-EGFR therapy on KRASmut 

mCRC. 

Study Country Cetuximab 

Drug Cost 

Panitumumab 

Drug cost 

Chemotherapy 

Drug cost 

Cost Savings of not 

using Cetuximab 

Cost Savings of 

not using 

Panitumumab 

Behl et al. (2012) (161) USA £267,876 (€304,334) - £17,927 (€20,367) £249,949 (€283,967) - 

Health  

Quality Ontario. (2010) 

(165) 

Canada £45,047 (€51,178)a £35,465 (€40,292)a - 

 

£45,047 (€51,178) £35,465 (€40,292) 

Shiroiwa et al. (2010) 

(166) 

Japan £43,935 (€49,915) - £843 (€958) £43,092 (€48,957) - 

Vijayaraghavan et al. 

(2011) (167) 

USA £87,860 (€99,818) £70,779 (€80,413) £8,107 (€9,210) £79,753 (€90,608) £62,672 (€71,203) 

Vijayaraghavan et al. 

(2011) (167) 

Germany £58,421 (€66,372) £60,866 (€69,150) £35,527a (€40,362) £22,894 (€26,010) £25,339 (€28,788) 

a  Data for cost of test not present. 

b  Costs for chemotherapy in Germany are much higher than in the USA because FOLFIRI is used rather than irinotecan 

monotherapy 

 

Table 2-10 Comparison of ICERs without and with MBMs for Chemotherapy. 

  ICER 

Therapy Test No Biomarker Biomarker 

Fluorouracil DPYD £11,593 (€13,171) (172) £2,795 (€3,175) (152) 

FOLFIRI UGT1A1 £20,626 (€23,433) (173) Not Applicablea 

5-FU and FOLFOX Oncotype Dx £43,210 (€49,091) (173) £21,052 (€23,917) (169)  

a All ICERs for UGT1A1 genotyping for guidance of irinotecan dosing were in excess of £1 million (€1 million) and therefore 

disregarded (see Table 2-3) 

 

Table 2-11 Comparison of ICERs without and with Biomarkers for Targeted Therapy. 

 ICER 

Therapy No Biomarker Biomarker 

Cetuximab £142,515 (€161,912) (166) £109,452 (€124,349) (166) 

Panitumumab £48,118 (€54,667) (165) £30,607 (€34,773) (165) 

 

Table 2-12 KRAS and BRAF guided chemotherapy costs with corresponding QALYs and 

ICERs . 

Study Country Chemotherapy 

Cost 

QALY ICER 

(Cost/QALY) 

Behl et al. (2012) (161) USA £26,212 (€29,780) a 0.5349 £49,005 (€55,675) 

Blank et al. (2012) (162) Switzerland £3,873 (€4,400) 0.4430 £8,742 (€9,932) 

Harty, Jarret, and Jofre-Bonet (2015) (164) UK £31,840 (€36,174) 1.3800 £23,072 (€26,212) 

a  Includes costs of resection. 
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economic analysis indicates that an average of £88,147 (€100,144) per year is saved 

per patient, due to avoidance of cetuximab therapy based on the KRAS/BRAF test 

result. For panitumumab therapy, the average cost saving is £41,159 (€46,761) per 

patient per year. 

 

 Comparison of ICERs, No MBM versus MBM 

Table 2-10 illustrates how the use of MBMs can help increase the cost-effectiveness 

of treatment, with the exception of UGT1A1, which is used to guide the reduction of 

irinotecan dosing. 

As shown in Table 2-11, the use of the KRAS MBM reduced the ICER for cetuximab 

from £142,515 (€161,912) to £109,452 (€124,349) in the Shiroiwa et al. study and for 

panitumumab from £48,118 (€54,667) to £30,607 (€34,773) in the HQO study 

(136,137). However, although these MBMs improved the cost-effectiveness of these 

therapies, this did not lead to the intervention achieving an ICER below the NICE 

threshold in either case, although the HQO study was within the margin of error  

 

 KRAS and BRAF guided chemotherapy costs with corresponding 

QALYs and ICERs 

From reported costs and positive effects (e.g. changes in PFS) in three studies, we were 

able to generate ICERs (Table 2-12) for chemotherapy if the patient population had 

KRAS (or BRAF) mutations (133,134,136). Two studies resulted in ICERs below the 

NICE threshold, at £8,742 (€9,932) and £23,072 (€26,212) respectively (133,135). 

However, the third study by Behl et al. while breaching the NICE threshold with an 

ICER of £49,005 (€55,675), was still under the WTP threshold of US$100,000 

(£76,440 or €86,844) (132). 

 

 Genetic heterogeneity within populations and its effect on CEA 

It is important to note that the ICERs for the MBMs evaluated in this systematic review 

are susceptible to the frequency of mutations in the general population. The 

UGT1A1*28 polymorphism occurs with higher prevalence in the African (42-56%) 

and Caucasian (26-31%) populations, than in Asian populations (9-16%). 
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Consequently, the use of this biomarker leads to a ten-fold increase in Africans LYGs 

compared to Asian LYGs, when used to guide irinotecan treatment. However, even 

with this increase in LYG, this MBM is still not cost-effective (127).  

 

2.4 Discussion 

The economic impact of MBM testing to guide therapy in CRC depends upon the cost 

of the therapeutic intervention and the price of the test, balanced against the clinical 

impact of the intervention and the degree of toxicity to the patient. So, if the net savings 

and QALYs are within a specific country’s WTP threshold, the value-based 

reimbursement of the MBM may help justify a stratified/precision medicine approach 

to cancer treatment (174). 

 

 DPYD Genotyping to Guide 5-FU and Capecitabine Treatment 

By screening for DPD deficiency at the genetic and phenotypic level, the severe 

toxicities associated with this genetic abnormality can be avoided (175). In order to 

confirm the results of the retrospective economic analysis by Traoré et al. that we have 

evaluated in this systematic review, Boisdron-Celle et al. performed the only RCT of 

DPD deficiency screening for 5-FU treatment (123,145). Of the 720 patients in the 

DPD screening arm, 20 had partial DPD deficiency and were administered 

pharmacokinetically guided 5-FU; this resulted in one toxicity-related hospitalisation. 

Additionally, there was 1 patient with complete DPD deficiency highlighted who was 

not treated with 5-FU. Of the 410 patients in the control arm; there were 21 patients 

with partial DPD deficiency and 5 resulting hospitalisations for toxicity, one patient 

was retrospectively confirmed as being completely DPD deficient, and that patient 

died due to 5-FU toxicity. The trial was halted for ethical reasons.  

Deenen et al., in a safety and cost analysis of DPYD*2A screening prior to treatment, 

showed that genotyping marginally improves patient outcomes, and is also cost saving 

(€2,772 screening versus €2,817 non-screening) (177). The CEA by Traoré et al. and 

Deenan et al.’s study demonstrates that establishing DPYD screening in clinical 

practice in advance of 5-FU or capecitabine treatment may be cost-effective (123,146). 

On the evidence that we have presented and evaluated in this systematic review, DPYD 



Chapter 2  Systematic Review 

50 

 

screening is not only cost saving, but also spares patients the associated toxicities, 

although the overall net monetary benefit may be minimal. 

 

 UGT1A1 Genotyping to Guide Irinotecan Treatment 

Three of the irinotecan studies identified in our analysis suggest that prior testing for 

UGT1A1 may be cost saving, but our systematic review is inconclusive as to whether 

testing improves patient outcomes, with both positive and negative QALYs being 

reported (125-127). Goldstein et al. stated that they cannot recommend UGT1A1 

genotyping to guide irinotecan dosing, and that any dose reduction should be based on 

clinical parameters, rather than UGT1A1 status (178). 

Lu et al. attempted a different approach by escalating the dose in UGT1A1*1 

homozygotes and UGT1A1*28 heterozygotes, with positive therapeutic results without 

the development of AEs; a RCT of this approach is ongoing (179,180). As the optimum 

dosing of irinotecan based on UGT1A1 status has yet to be defined, UGT1A1 

genotyping to guide irinotecan dosing will most likely need to be revisited following 

the availability of results from RCTs such as the one highlighted above, in order to 

determine its efficacy and cost-effectiveness (181). 

 

 RAS (KRAS and NRAS) and BRAF Genotyping to Guide 

Treatment 

Testing of patients with RAS (KRAS and NRAS) and BRAF mutations before anti-

EGFR or chemotherapy administration has informed clinical decision-making in CRC. 

Other gene abnormalities which may help inform treatment decision making that are 

under investigation include; PIK3CA mutations, PTEN loss, EGFR copy number 

variation, HER2 amplification, and microsatellite instability (MSI) (182,183). Phase II 

trials such as HERACLES showed promise where RAS (KRAS and NRAS)WT HER2 

positive CRC patients pre-treated with cetuximab or panitumumab, were responsive 

to the monoclonal antibody trastuzumab and the tyrosine kinase inhibitor lapatinib. In 

these cases, survival increased by an average of 9½ months (96). However, no CEAs 

were found for these MBMs in our literature search, with the exception of MSI, but 

these cost analyses relate to MBMs in a screening situation solely for identifying 
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family members with an inherited form of CRC, with no subsequent treatment options 

costed.  

Of the articles we identified, both the Canadian study by the HQO and the UK study 

by Westwood et al. generate ICERs below the NICE threshold for KRASWT 

guidetherapy compared to BSC and chemotherapy respectively (165,168). However, 

where RAS (and BRAF) testing were used to select chemotherapy for patients with the 

mutated form of these genes, ICERs were generated below NICE’s WTP threshold, 

while the study by Behl et al. resulted in an ICER below the WTP threshold for the 

USA (161,162,164). The remaining studies did not report enough information to 

calculate an ICER for MBM-guided chemotherapy.  

At present, NICE does not recommend cetuximab as a monotherapy but recommends 

cetuximab if used in combination with either FOLFOX or FOLFIRI (132,184). From 

the eight studies identified for RAS family and BRAF mutation testing, the results 

overall were inconclusive as to whether precision medicine strategies are cost-effective 

when selecting CRC patients for anti-EGFR therapy. Although NICE’s WTP is set at 

£30,000, technology appraisals carried out for end-of-life guidance, have permitted 

costs to breach this threshold at an average of £49,000, implicitly suggesting a £50,000 

WTP when end-of-life criteria are met. If this figure had been used as our benchmark 

then half of the studies would be classed as cost-effective (185). Moreover, when 

costing and QALY data were reported for selection for chemotherapy treatment, 

RAS/BRAF profiling did prove to be cost-effective. The cost savings can be significant. 

For example, given that more than one million CRC patients in Europe are expected 

to develop metastatic CRC, with 53% harbouring RASmut, there is the potential to save 

£3 billion (€3.5 billion) over the lifetime of this patient cohort (111,186). 

When MBM guided anti-EGFR therapy is compared to anti-EGFR therapy alone, there 

is a pronounced increase in the ICER values, but the QALYs produced are only 

marginally different. Thus, RAS (and BRAF) testing can only be cost-effective when 

selecting patients who should receive chemotherapy, but not those who receive EGFR 

therapy, based on the result of their molecular assay.  
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 Oncotype DX Gene Assay to Guide 5-FU and FOLFOX Treatment 

The initial economic analysis of the Oncotype DX assay was generated by data from 

the National Comprehensive Cancer Network and concluded that the assay would 

improve patient outcomes (QALY = 0.035), and decrease costs by $3,000 for stage II, 

T3, proficient DNA mismatch repair CRC patients (187). In the routine practice study 

by Alberts et al., a larger QALY was generated because of the reduction in quality of 

life associated with adjuvant chemotherapy, and the lower cost savings ($991) due to 

oxaliplatin coming off patent (169). The ICER we calculated for the Oncotype DX 

assay was based on a $3,200 list price and a QALY of 0.114 (188).  

The applicability of the Oncotype DX Recurrence Score to other populations has been 

verified in African Americans, and although initially inconclusive in the Korean 

population, the larger SUNRISE study has established clinical validity in Asian 

populations (189–191). An economic analysis of the Oncotype DX assay was deemed 

justifiable and is currently in progress in Israel (192). Although the Alberts et al. CEA 

was based on only 141 patients, the evidence, in combination with the prior CEA in 

another study, and favourable results from clinical trials indicate that the Oncotype 

DX can spare patients unnecessary chemotherapy, is cost saving and falls below the 

NICE threshold (169,187,189–191). 

 

 Previous systematic reviews of CEAs of precision medicine 

approaches in CRC  

There have been four previous systematic reviews on the economic analysis of MBM 

approaches in CRC in the personalised/precision medicine setting. The first was 

performed by Frank and Mittendorf in 2013 (193). They identified 7 articles, 3 of 

which referred to the use of the UGT1A1 MBM, while the remaining 4 investigated 

the KRAS MBM. We captured all 7 of these articles but excluded the study by Mittman 

et al. because it did not utilise a MBM-based approach (194). Frank and Mittendorf 

concluded that the cost-effectiveness of UGT1A1 testing prior to irinotecan 

administration remains unresolved, whilst using KRAS genotyping to stratify patients 

before anti-EGFR treatment was cost-effective. The second systematic review, by 

Westwood et al. in 2014, was a health technology assessment focusing on the cost-

effectiveness of KRAS testing of CRC tumours (168). Its literature search found 5 
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articles, which we also identified, and the authors concluded that the ICER for KRASmut 

testing to guide anti-EGFR therapy was large. However, although they performed a 

CEA and found KRAS testing to be cost-effective, their results should be interpreted 

with caution, as a number of assumptions were made in relation to resection rates, 

MBM test use, etc. The third paper by Guglielmo et al. identified 5 KRAS studies, 

which we also uncovered in our literature search, but the study by Barone et al. which 

they included did not meet our PICOS criteria as a CEA (195,196). Additionally, their 

review did not include the Canadian or Japanese studies we identified, because their 

search was limited to 2011 to 2016 (165,166). Their findings for KRAS testing to guide 

anti-EGFR therapy were inconclusive. The fourth review by Seo and Cairns identified 

46 studies but only 12 were relevant to our research question (197). We captured 11 

of these studies, missing a poster by Niedersuess-Beke D. et al. (198). Our findings 

correspond with Seo and Cairns, in that KRAS testing is always more cost-effective, 

even if this is not always the case for anti-EGFR therapies. However, we draw different 

conclusions from the data for the irinotecan studies, finding UGT1A1 testing not to be 

cost-effective. 

We disagree with the Frank and Mittendorf on the lack of evidence to make a decision 

on the cost-effectiveness of UGT1A1, because our analysis indicates that there is 

enough evidence to support the assertion that the use of UGT1A1 genotyping to reduce 

irinotecan dosing is not cost-effective. Despite being able to select patients to receive 

chemotherapy, our findings suggest that there is insufficient evidence to indicate KRAS 

(and BRAF) testing is cost-effective, in the context of EGFR therapy. 

It is evident that not all CRC patients currently benefit from precision medicine MBM-

informed therapy, as is the case for the 53% of RASmut mCRC patients not eligible for 

anti-EGFR treatment (16). The emerging field of molecular pathological epidemiology 

permits associations to be made between particular exposures (e.g. microorganisms, 

diet, lifestyle) and molecular pathological responses, identified through research on, 

for example, the interplay between the microbiome, tumour cells, and the immune 

system (199). Patients harbouring PIK3CA mutated tumours benefit from exposure to 

aspirin, whereas PIK3CA wild-type patients do not (199). Microsatellite instability 

high (MSI-H) tumours provoke a vigorous immunotherapeutic response; however, the 

presence of Fusobacterium nucleatum may counteract MSI-H positivity with 

associated immunosuppressive effects (199,200). The challenge in CEA is how to 
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leverage multiple biomarkers such as RAS, BRAF, PIK3CA, MSI-H, and F.nucleatum 

positivity in a cost-effective manner to precisely guide anti-EGFR therapy, aspirin 

therapy, and immunotherapy in mCRC. This challenge is becoming increasingly 

relevant as treatment algorithms incorporating multiple biomarkers become more 

common place and techniques such as whole genome sequencing enters clinical 

practice. 

 

2.5 Conclusion 

There is a paucity of high-quality CEAs that evaluate MBM in CRC. Unless CEA is 

incorporated prospectively into clinical trial design, economically unsubstantiated 

results can obscure the best available evidence, undermining both methodological 

approaches and resources. In summary, we found that the cost-effectiveness of MBM 

approaches to guide CRC therapy is highly variable. The evidence from our review 

suggests that DPYD screening could be cost-effective in high-income settings, if it is 

implemented before 5-FU therapy. Likewise, Oncotype DX assay is likely to be cost-

effective in identifying patients who will not benefit from chemotherapy. We were 

unable to find evidence to support UGT1A1 testing to guide irinotecan dosing. Perhaps 

more controversially, despite its adoption in many countries globally, we found that 

the cost-effectiveness data currently available to support anti-EGFR treatment based 

on RAS/BRAF mutational status is inconclusive.  

The evidence presented here reflects a need for a more rigorous methodological CEA-

driven approach to be prospectively employed. There also needs to be greater 

transparency on prices used in CEA, so as to ensure the delivery of value-based care 

in a disease that kills nearly 170,000 Europeans every year. 
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3 Defining the Economic Burden of Colorectal Cancer 

Across Europe: Providing the Evidence for 

Strengthening Value-Based Cancer Systems. 

3.1 Introduction 

CRC is a significant health burden across Europe. In 2009, for the 27 Member States 

of the European Union (EU-27), CRC accounted for 11.5% of all cancer diagnoses 

(201,202). CRC healthcare costs were >€5.5 billion (bn) (23); together with 

mortality/morbidity losses and informal care costs, the total economic burden of CRC 

was over €13bn. Since 2009, CRC economic and healthcare landscapes have 

significantly changed. Increasing CRC prevalence and developments in therapeutic 

innovation have contributed to greater health systems costs for CRC management 

(203,204). Whilst mortality rates have, in general, fallen, CRC remains the second-

highest cause of cancer death in Europe (205).  Mortality rates are decreasing in those 

European countries with better access to and quality of CRC screening and combined 

modality care; however, in certain Central and Eastern European countries (CEE), 

mortality rates are increasing (205). This is reflected in CRC survival rates, - highest 

in northern, western, and southern Europe and lowest in CEE (111). 

Understanding the comparative economic burden of CRC across Europe using the 

most up-to-date data and robust methodologies is crucial for delivering evidence-based 

public policy frameworks that governments can employ to guide appropriate 

investment to help reduce the morbidity/mortality associated with this common cancer. 

Performing a pan-European analysis is crucial, allowing precise mapping of the CRC 

health economic landscape and its relationship to CRC outcomes, by capturing the 

individual components that contribute to the overall CRC economic burden in a 

country, a region or a continent. The granularity of the information that can be 

extracted from the multidimensional datasets available, permitting, for example, 

precise costs of individual chemotherapy or targeted therapy in each European country 

to be determined, allows specific expenditure patterns to be discerned, both within and 

across regions. This economic intelligence underpins identification of activities and 

associated expenditures in individual countries that may either be examples of best 



Chapter 3  Economic Burden of CRC 

56 

 

practice that can be shared with European partners or may represent inappropriate 

employment of scarce resources which should be redirected to more value-based 

activities.  Here, we precisely define the economic burden of CRC in the EUR-33 (the 

27 EU countries plus Iceland, Norway, Serbia, Switzerland, Turkey and the United 

Kingdom (UK) (which is shortly to depart the EU) and demonstrate how this 

intelligence can inform approaches to improve key health and socioeconomic 

outcomes for European citizens and societies.  

3.2 Methods 

CRC was defined by the World Health Organisation (WHO) International 

Classification of Diseases, 10th revision (ICD-10) codes C18 to 21. For the EUR-33, 

activity data related to CRC management and associated costs were acquired using the 

same framework as previously published (23). Resource use was assessed for all 

prevalent CRC cases in each country in 2015, to include both newly diagnosed patients 

and those receiving ongoing care.  

Resource use value was determined by employing costs specific to each country and, 

where possible, either CRC-specific or cancer-specific costs. Costs were expressed in 

local currency units and compared across countries using purchasing power parity 

(PPP) for hospital services (206). PPP measures the price of a basket of goods (in this 

case hospital services) in one country, relative to the EU-27 mean.  

Aggregate activity and costing data were derived from global and national sources 

(supplementary materials, healthcare utilisation and unit costs, subsections 4.1.1 and 

Error! Reference source not found.). When no data were found, extrapolations from 

countries with similar healthcare expenditure per person, life expectancy, and 

geographic location were employed. Activity data sources and costings were ranked 

(See Table 3-1 and Table 3-2).  

 Healthcare expenditure 

Activities and costs for hospital, outpatient, primary, and emergency care were sourced 

and compiled from CRC-specific or cancer-specific data, with CRC prevalence 

applied to cancer-specific or general disease data (Table 3-1 and Table 3-2 

respectively). Several countries did not have national data for emergency care visits 

(Croatia, Luxembourg, Romania, Serbia), while Estonia did not have data for hospital 

care; data  
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Table 3-1 Sources used to obtain healthcare resource use, by category and country. 

COUNTRY PRIMARY 

CARE 

OUTPATIENT 

CARE 

A&E 

CARE 

HOSPITAL 

CARE 

AUSTRIA B B B A* 

BELGIUM B B B A* 

BULGARIA B B B A* 

CROATIA B B C A* 

CYPRUS B A B A* 

CZECH REP. B A B A* 

DENMARK B A* A* A* 

ESTONIA B A B D 

FINLAND B A B A* 

FRANCE B B B A* 

GERMANY B A B A* 

GREECE B B B A* 

HUNGARY B B B A* 

ICELAND B A B A* 

IRELAND B B B A* 

ITALY B B B A* 

LATVIA A* A* B A* 

LITHUANIA B B C A* 

LUXEMBOURG B B C A* 

MALTA B B B A* 

NETHERLANDS B A* B A* 

NORWAY B A B A* 

POLAND B B B A* 

PORTUGAL B B B A* 

ROMANIA B B C A* 

SERBIA B B C A* 

SLOVAKIA B A B A* 

SLOVENIA B A B A* 

SPAIN B A B A* 

SWEDEN B A B A* 

SWITZERLAND B B B A* 

TURKEY B B B A* 

UK B A* B A* 

A*. National CRC data: CRC-specific healthcare data were obtained for that country’s population; 

A. National cancer-specific data: Cancer-specific healthcare data were obtained for that country’s population; 

B. National data but not CRC-specific: All-cause healthcare resource use data are obtained but not due solely to CRC. We 

evaluated CRC-specific resource use by multiplying all-cause national data by the percentage of ambulatory visits due to CRC 

out of all ambulatory visits, if available. If CRC-related ambulatory information was not available, we used the percentage of 

hospital discharges due to CRC out of all discharges to assign that country’s healthcare utilisation;  

C. No national data: that country’s activity data are obtained for all diseases from similar countries and assigned it into CRC 

using the approach defined in (B). 
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Table 3-2 Sources used to obtain healthcare unit costs, by category and country 

COUNTRY PRIMARY 

CARE 

OUTPATIENT 

CARE 

A&E 

CARE 

HOSPITAL 

CARE 

AUSTRIA B A B A* 

BELGIUM B A B A 

BULGARIA B B E C 

CROATIA B B B C 

CYPRUS B A B A 

CZECH REP. B B B C 

DENMARK C A A A 

ESTONIA C B C B 

FINLAND B A B A 

FRANCE B A B A 

GERMANY B A B A 

GREECE B B B A* 

HUNGARY B A* B A* 

ICELAND B A B A 

IRELAND B A* A* A 

ITALY A A A A 

LATVIA A* A* B A* 

LITHUANIA B A B A 

LUXEMBOURG B A B C 

MALTA C D B B 

NETHERLANDS B A* A* A* 

NORWAY B B B A* 

POLAND B A B A* 

PORTUGAL B A B C 

ROMANIA D D E C 

SERBIA B B B A* 

SLOVAKIA D B B C 

SLOVENIA D D B A* 

SPAIN B A A A 

SWEDEN B A B A* 

SWITZERLAND B A* C A* 

TURKEY B B B B 

UK A* A* A* A* 

Sources with double asterisk specific for CRC; Sources with single asterisk indicate data for some other cancer. 

Dependant on the availability of data, sources were qualified in order of priority: 

A*. CRC specific expenditure data. 

A. Other cancer specific expenditure data. 

B. Directly obtained from sources such as national fee schedules, national reports, published studies, etc.;   

C. Acquired from national expenditure figures (e.g. primary care, outpatient care, emergency care, hospital care) using the 

respective total activity levels. For example, cost per hospital day is estimated by dividing the total hospital expenditure by the 

total number of hospital days;  

D. Estimates derived costs and prices used in the WHO-CHOICE analysis;  

E. Derived from the predictions of linear regression analyses of the unit costs of countries with available data. 
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were estimated by using emergency/hospital care rates from similar countries (as 

categorised above). To test the robustness of the hospital care cost data, CRC/cancer-

specific hospital care cost data were replaced with average hospital care expenditure 

data gathered from Eurostat and the analysis was repeated (207). 

Although country-specific colectomy activity data were available (Eurostat), data did 

not distinguish between CRC, Crohn’s disease, ulcerative colitis, and other benign 

diseases of the colon/rectum. Eurostat cost data were only available for generalised 

domains (i.e., long-term care, laboratory services, patient transportation); therefore, 

CRC specific attributable costs were not estimable. For all countries, pharmaceutical 

expenditures for CRC (split by drug/molecule into chemotherapy and targeted therapy) 

were supplied by IQVIA Oncology data (2015 to beginning of 2017); cost trends were 

plotted from this data (208). 

Population data were accessed from Eurostat (209), and CRC 5-year prevalence 

statistics were sourced from the International Agency for Research on Cancer (IARC) 

(210). Data were extrapolated to actual prevalence (supplementary materials, 

subsection 4.1.4.1.), permitting calculation of healthcare costs per prevalent CRC case.  

Calculations for EUR33 were performed to determine (i) proportion of CRC hospital 

care costs (calculated from total CRC healthcare costs); (ii) proportion of CRC 

healthcare costs (calculated from total healthcare expenditure) (iii) proportion of CRC 

pharmaceutical costs (calculated from total CRC healthcare costs).  

 Informal care costs 

Informal care costs are equivalent to an opportunity cost of voluntary care, i.e. the 

financial loss caregivers make (e.g. lost earnings, leisure time) to furnish unpaid care 

for relatives/friends with CRC. For each country, informal care costs were calculated 

using CRC prevalence statistics (IARC), and probabilities of CRC patients receiving 

care (Wave 6 of Survey of Health, Ageing and Retirement in Europe (SHARE)) (211). 

SHARE gathered data on 60,000 people in 17 EUR-33 countries in 2015. Probabilities 

for the remaining 16 EUR-33 not gathered by SHARE were calculated using pooled 

data from similar countries (see Table 4-3, supplemental). SHARE data underpinned 

an ordered logistic regression to calculate number-of-hours of informal care required 

by CRC patients. Hours were multiplied by probability of receiving care with CRC 

and by average/minimum hourly wage, depending on whether the caregiver was 
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employed/unemployed. A fuller description is given in supplementary materials, 

subsection 4.1.4.5. (informal care) and Tables (Table 4-3). 

 Productivity losses 

The cost to the overall economy in each country from lost earnings was determined by 

mortality and morbidity costs related specifically to CRC. For mortality costs, the 

number of CRC deaths was extracted from Eurostat by age (15-65 years), gender, and 

country (114). Years lost were calculated by subtracting age of CRC death from 

retirement age (set at 65 years). Age- and gender-specific employment rates for EUR-

33 were applied to CRC lost working years (212). To account for lost future earnings, 

years lost were multiplied by wages and converted to current prices (see Box 1) (213). 

𝐴𝑛𝑛𝑢𝑎𝑙 𝑒𝑎𝑟𝑛𝑖𝑛𝑔𝑠 𝑙𝑜𝑠𝑡 (𝐶𝑅𝐶 𝑑𝑒𝑎𝑡ℎ)

= 230 𝑑𝑎𝑦𝑠 × 𝐷𝑎𝑖𝑙𝑦 𝑤𝑎𝑔𝑒 × 𝐸𝑚𝑝𝑙𝑜𝑦𝑚𝑒𝑛𝑡 𝑟𝑎𝑡𝑒 = 𝑋 

 For 3.5% and 10% discount rates, we used the formula: 

𝑇𝑜𝑡𝑎𝑙 𝑒𝑎𝑟𝑛𝑖𝑛𝑔𝑠 𝑙𝑜𝑠𝑡 (𝐻𝐶𝐴) = 𝑋 (
1

𝑖
−

1

𝑖(1 + 𝑖)𝑛
) 

𝑑𝑖𝑠𝑐𝑜𝑢𝑛𝑡 𝑟𝑎𝑡𝑒 = 𝑖 

𝑦𝑒𝑎𝑟𝑠 𝑙𝑜𝑠𝑡 = 𝑛 

Box 1. Formulae for future lost earnings due to mortality. 

Earnings were summed by age group, gender, and country to give total mortality 

losses, applying the human capital approach (HCA). The human capital approach was 

applied rather than friction cost approach for several reasons: the human capital 

approach takes the perspective of the patient/society, rather than employers; the human 

capital approach is better suited to macroeconomic theory, being less affected by 

labour market conditions (214–216).  

For temporary morbidity costs, CRC patient sick-days were calculated as a proportion 

of total sick-days for each country: 

𝑇𝑒𝑚𝑝𝑜𝑟𝑎𝑟𝑦 𝑒𝑎𝑟𝑛𝑖𝑛𝑔𝑠 𝑙𝑜𝑠𝑡 (𝐻𝐶𝐴) = 𝐶𝑅𝐶 𝑠𝑖𝑐𝑘 − 𝑑𝑎𝑦𝑠 × 𝐷𝑎𝑖𝑙𝑦 𝑤𝑎𝑔𝑒 

Permanent absence was calculated from Eurostat by total number of individuals 

collecting disability benefits for each country (217), applying CRC prevalence and 

discounting at 0%, 3.5%, and 10% using the human capital approach (see Box 2). 
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𝐴𝑛𝑛𝑢𝑎𝑙 𝑒𝑎𝑟𝑛𝑖𝑛𝑔𝑠 𝑙𝑜𝑠𝑡 (𝐶𝑅𝐶 𝑑𝑖𝑠𝑎𝑏𝑙𝑒𝑚𝑒𝑛𝑡)

= 230 𝑑𝑎𝑦𝑠 × 𝐷𝑎𝑖𝑙𝑦 𝑤𝑎𝑔𝑒 × 𝐸𝑚𝑝𝑙𝑜𝑦𝑚𝑒𝑛𝑡 𝑟𝑎𝑡𝑒 = 𝑌 

𝑃𝑒𝑟𝑚𝑎𝑛𝑒𝑛𝑡 𝑒𝑎𝑟𝑛𝑖𝑛𝑔𝑠 𝑙𝑜𝑠𝑡 (𝐻𝐶𝐴) = 𝜑𝑌 (
1

𝑖 + 𝛿
−

𝜑𝑛

(𝑖 + 𝛿)(1 + 𝑖)𝑛
) 

 

𝑆𝑢𝑟𝑣𝑖𝑣𝑎𝑙 𝑟𝑎𝑡𝑒 =  𝜑 = 1 − 𝛿 

Box 2 Formulae for future lost earnings due to morbidity. 

Earnings were accordingly summed, and temporary and permanent absences 

combined to give human capital approach total morbidity losses. 

 Statistical analysis 

Countries were examined for variances in CRC-related healthcare costs per capita 

using ordinary least squares (OLS) univariate regression analyses, dependent on GDP 

(per capita), total health care expenditure (per capita), disability-adjusted-life-years 

(DALYs) (rate per 1,000), CRC incidence (crude rate), CRC prevalence, CRC 

mortality, CRC 5-year net survival. An explanatory variable was deemed statistically 

significant if its p-value was <5%. Stata software v.14.2 (StataCorp, College Station, 

TX, USA) was employed to perform regression analyses. 

 Sensitivity analysis 

Sensitivity analyses were performed on the discounting parameter and each of the 

following categories; healthcare costs, mortality costs, morbidity costs and informal 

care costs, in order to test the robustness of the economic evaluation of CRC in the 

EUR-33. Discounting rates (0%, 3.5%, and 10%) for productivity losses due to early 

mortality and morbidity were evaluated. Effects on total CRC costs were determined 

for a 20% variation in each category.  

 

3.3 Results 

 Analysis of the economic burden of CRC 

CRC costs for the EUR-33 were €21.9bn in 2015 (Table 3-3, PPP adjusted), broken 

down as follows: (1) healthcare costs: €7bn (€10/citizen or €1,970/patient; 32% of 

total); (2) mortality costs: €5.7bn (26%); (3) morbidity costs: €7bn (32%); (4) informal 

care costs: €2.2bn (10%). Non-healthcare costs represented 68% of total CRC costs,  
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Table 3-3 Costs of CRC in in 33 European countries and proportion of healthcare costs, by country, 2015. 

 
Healthcare Costs 

 
Productivity losses 

 
TOTAL Costs 

Country Primary 

 care 

Outpatient care Emergency 

 care 

Hospital 

 care 

Pharma- 

ceuticals 

Total health 

-care 

% of THE Mortality Morbidity Informal care TOTAL % of  

GDP 
 

Cost % Cost % Cost % Cost % Cost % 
       

Austria  28,027 14% 1,954 1% 28,773 14% 104,808 52% 36,240 18% 199,801 0.90% 52,719 119,593 22,929 395,042 0.18% 

Belgium  8,084 6% 6,828 5% 6,061 4% 75,941 56% 38,088 28% 135,002 0.41% 90,377 217,641 41,285 484,306 0.15% 

Bulgaria  3,596 3% 3,142 2% 1,509 1% 38,194 28% 88,194 66% 134,635 0.63% 88,176 55,916 33,479 312,206 0.12% 

Croatia 13,207 16% 14,155 17% 16,353 19% 22,167 26% 18,349 22% 84,231 1.04% 62,496 109,230 26,994 282,951 0.26% 

Cyprus  62 7% 64 7% 19 2% 575 66% 145 17% 865 0.08% 2,536 2,382 921 6,703 0.04% 

Czech Rep.  5,173 7% 7,271 10% 513 1% 36,140 50% 23,190 32% 72,287 0.30% 95,672 94,212 34,260 296,430 0.09% 

Denmark  5,756 7% 32,740 40% 5 <1% 36,841 45% 6,738 8% 82,080 0.35% 82,337 140,708 37,346 342,471 0.15% 

Estonia  2,251 11% 1,458 7% 7,301 35% 8,767 42% 1,286 6% 21,063 0.82% 14,908 48,520 4,664 89,155 0.23% 

Finland  3,967 6% 100 <1% 2,582 4% 39,815 65% 14,906 24% 61,369 0.36% 43,311 80,755 21,618 207,053 0.11% 

France  25,088 4% 13,887 2% 8,113 1% 295,779 44% 326,844 49% 669,711 0.33% 494,551 966,804 244,272 2,375,338 0.13% 

Germany  71,404 8% 239,040 26% 5,164 1% 389,986 42% 219,530 24% 925,124 0.32% 959,432 984,907 403,320 3,272,783 0.13% 

Greece  6,071 12% 439 1% 2,892 6% 37,835 74% 3,878 8% 51,115 0.35% 39,894 23,607 18,836 133,451 0.08% 

Hungary  70,028 14% 5,053 1% 21,314 4% 240,126 48% 167,137 33% 503,658 1.42% 290,267 20,281 91,130 905,335 0.18% 

Iceland 400 11% 531 15% 16 <1% 2,202 63% 350 10% 3,500 0.44% 2,220 9,149 357 15,227 0.17% 

Ireland  4,230 10% 1,950 5% 1,374 3% 22,092 51% 13,646 32% 43,292 0.34% 41,255 34,878 11,126 130,551 0.08% 

Italy  43,631 5% 5,172 1% 111,949 12% 561,445 58% 240,355 25% 962,553 0.67% 497,282 384,680 251,912 2,096,427 0.13% 

Latvia  218 1% 4,993 20% 2,875 12% 13,618 55% 2,910 12% 24,614 0.49% 23,577 63,217 9,933 121,341 0.14% 

Lithuania  2,187 10% 3,378 16% 5,741 27% 7,101 33% 3,026 14% 21,434 0.25% 32,115 69,026 11,512 134,087 0.10% 

Luxembourg  241 4% 543 10% 34 1% 4,571 84% 69 1% 5,458 0.39% 3,597 12,494 1,139 22,688 0.10% 

Malta  204 7% 206 7% 117 4% 2,081 70% 380 13% 2,989 0.26% 2,649 4,951 1,018 11,606 0.11% 

Netherlands  12,965 6% 136,965 60% 2,119 1% 56,882 25% 18,757 8% 227,688 0.43% 192,413 192,834 69,319 682,254 0.14% 

Norway 1,419 7% 4,964 23% 242 1% 10,744 50% 4,088 19% 21,456 0.14% 49,512 399,116 20,182 490,266 0.32% 
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Healthcare Costs 

 

 
Productivity losses 

 
TOTAL Costs 

Country Primary 

 care 

Outpatient care Emergency 

 care 

Hospital 

 care 

Pharma- 

ceuticals 

Total health 

-care 

% of THE Mortality Morbidity Informal care TOTAL % of  

GDP 
 

Cost % Cost % Cost % Cost % Cost % 
       

Poland  14,812 3% 48,002 11% 4,630 1% 319,045 72% 55,262 13% 441,750 0.59% 461,279 596,646 147,497 1,647,172 0.14% 

Portugal  10,804 8% 9,102 7% 13,376 10% 71,326 55% 25,265 19% 129,874 0.56% 96,354 91,058 40,756 358,041 0.14% 

Romania  158,074 27% 141,669 24% 5,645 1% 143,408 24% 143,178 24% 591,974 1.16% 342,058 315,198 99,979 1,349,210 0.13% 

Serbia 19,716 18% 8,094 7% 1,847 2% 69,097 62% 12,826 11% 111,580 0.18% 106,772 95,286 38,731 352,369 0.19% 

Slovakia  15,175 9% 56,742 35% 2,711 2% 42,608 27% 42,832 27% 160,069 1.12% 82,291 128,407 25,618 396,385 0.19% 

Slovenia  2,217 7% 1,190 4% 494 2% 20,493 65% 7,340 23% 31,733 0.74% 26,844 10,712 8,881 78,170 0.15% 

Spain  73,983 20% 3,771 1% 28,158 8% 132,213 36% 125,704 35% 363,829 0.45% 307,107 349,014 123,267 1,143,217 0.13% 

Sweden  9,429 18% 5,085 10% 1,995 4% 25,817 49% 10,718 20% 53,044 0.18% 67,753 84,040 36,320 241,157 0.09% 

Switzerland 5,736 7% 2,716 3% 1,318 2% 59,099 69% 16,825 20% 85,693 0.39% 51,893 95,425 19,755 252,766 0.11% 

Turkey 27,677 6% 23,623 5% 13,098 3% 264,723 60% 114,961 26% 444,083 0.47% 302,737 130,901 62,164 939,884 0.05% 

UK  52,426 15% 17,090 5% 23,980 7% 116,957 32% 150,925 42% 361,377 0.17% 658,291 1,039,438 234,329 2,293,435 0.11% 

                  

EUR-33 698,261 10% 801,916 11% 322,315 5% 3,272,496 47% 1,933,941 28% 7,028,929 0.44% 5,664,676 6,971,026 2,194,847 21,859,479 0.12% 

Data are thousands of euros. Adjusted for purchasing power parity (PPP). Totals do not match sum of costs because of rounding.  

Green font - CRC activity and costs, Red font – CRC activity and other cancer costs, Blue font – general cancer activity and other cancer costs 

GDP - gross domestic product; THE – total healthcare expenditure 
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due to loss of productivity resulting from either premature CRC-specific 

death/disability, or opportunity costs for informal carers. The €7bn (32%) attributable 

to healthcare costs comprised hospital care costsa (€3.3bn; 46.5% of healthcare costs), 

pharmaceuticals (€1.9bn; 27.5% of healthcare costs), outpatient, primary, and 

emergency care costs (€0.8bn; 11.5%); (€0.7bn; 10%); (€0.3bn; 4.5%), of healthcare 

costs respectively. Costs for each region/country are indicated in Figure 3-1. 

Hospital care costs diverged considerably between nations, from 24% (Romania) to 

84% (Luxembourg). Hospitalisation accounted for the largest proportion of healthcare 

costs both overall, and individually in 27 of the EUR-33. However, in three of the 

EUR-33, hospital-care expenditure was much lower than expenditure on CRC 

pharmaceuticals, e.g., 28% of healthcare costs (€38.2mn) in Bulgaria was spent on 

hospital care while 66% (€88.2mn) was spent on pharmaceuticals. Hungary, Romania, 

and Slovakia had the largest expenditures on CRC healthcare per case, with 

expenditures on pharmaceuticals a large component (24% to 33%) of overall costs 

(Figure 3-2). Pharmaceutical outlay as a percentage of aggregate CRC-related 

healthcare costs were lowest in Luxembourg (1%) and highest in Bulgaria (66%). The 

average cost for managing a CRC patient varied from €191 (Cyprus) to €23,610 

(Hungary) (see Figure 3-2), which was also reflected in the differences in 

pharmaceutical expenditure, €32/patient (Cyprus) versus €7,835/patient (Hungary). 

EUR-33 with almost identical GDP per capita have widely varying CRC healthcare 

expenditures, e.g., Austria (€4,015/patient, PPP) spent over four-fold more than 

Sweden (€1,090/patient, PPP) (Figure 3-2). 

The greatest divergence observed within CRC healthcare costs was in the unit cost of 

an A&E visit, from €15 (Cyprus) to €1,195 (Estonia) (Table 3-4). Significant deviation 

was also documented in number of contacts with healthcare services across the EUR-

33. CRC-related hospital days varied from 3 per 1000 individuals (Turkey) to 26 per 

1000 individuals (Germany) (Table 3-5). Healthcare costs per capita diverged 

substantially within the EUR-33 (from €1 in Cyprus to €51 in Hungary); the average 

cost of CRC was equivalent to €10 per capita (Figure 3-2, PPP adjusted). 

 
aHospital care costs rose by 44% to €4.7bn when CRC/cancer-specific costs were switched for 

average hospital care expenditure data. There was also some movement among the lower ranking 

countries in terms of overall CRC healthcare expenditure, however the top-ranking countries remained 

constant, regardless of data source. 
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Figure 3-1 Geographical spread of CRC costs across 33 European countries in 2015, adjusted by PPP. 

AT Austria; BE Belgium; BG Bulgaria; CH Switzerland; CY Cyprus; CZ Czech Republic; DE Germany; DK Denmark; EE Estonia; EL Greece; ES Spain; FI 

Finland; FR France; HR Croatia; HU Hungary; IE Ireland; IS Iceland; IT Italy; LU Luxembourg; LT Lithuania; LV Latvia; MT Malta; NL the Netherlands; NO 

Norway; PL Poland; PT Portugal; RO Romania; RS Serbia;  SE Sweden; SI Slovenia; SK Slovakia; TR Turkey; UK United Kingdom 
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Figure 3-2 Healthcare costs of CRC per capita and per case in 33 European countries in 2015, by healthcare service category, 

adjusted by PPP 
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Table 3-4 Average unit costs (€) in 33 European countries, by country, 2015. 

 
 

Mortality Losses 

Morbidity 

 Losses 

Informal Care Health care unit costs 

Country Yearly earnings Daily  

earnings 

Hourly earnings 
 

 
Males Females 

 
Carers in 

employ-

ment 

Carers not 

in employ-

ment 

GP 

visit 

Out- 

patient 

visit 

A&E 

visit 

In- 

patient 

day 

Total 

health-

care 

Austria  29,915 22,953 122 15 5 39 11 827 602 1,480 

Belgium  37,904 34,488 160 22 8 24 44 394 518 980 

Bulgaria  36,611 30,483 146 20 7 26 56 281 513 876 

Croatia 33,964 31,121 142 20 6 49 75 683 225 1,032 

Cyprus  25,207 20,474 99 12 5 14 38 15 127 193 

Czech Rep.  27,874 20,882 108 14 4 21 30 105 209 365 

Denmark  56,399 44,331 219 30 10 12 386 88 688 1,174 

Estonia  31,737 21,924 115 15 5 39 132 1,195 390 1,755 

Finland  43,650 33,924 168 22 12 72 69 313 533 986 

France  34,220 28,295 138 20 8 20 26 79 434 559 

Germany  41,146 32,358 167 21 8 28 73 77 188 365 

Greece  24,570 20,654 99 11 4 11 35 66 290 402 

Hungary  49,555 40,817 198 27 10 91 1,095 1,511 1,119 3,816 

Iceland 29,766 23,523 117 4 7 57 187 20 513 777 

Ireland  33,486 28,105 135 17 6 70 133 257 546 1,007 

Italy  37,530 31,293 153 20 9 15 20 286 783 1,104 

Latvia  41,844 32,621 159 20 8 5 32 500 385 922 

Lithuania  34,961 27,949 136 17 7 13 39 70 150 272 

Luxembourg  26,427 24,752 113 14 6 18 18 44 518 598 

Malta  26,945 22,551 110 14 5 56 40 127 480 703 

Netherlands  38,299 31,341 159 19 7 16 101 101 306 523 

Norway 29,589 25,520 122 19 5 12 117 21 186 335 

Poland  34,626 28,872 139 19 7 15 30 144 1,032 1,221 

Portugal  27,458 22,894 109 15 6 45 44 161 607 857 

Romania  44,613 41,957 189 26 9 115 168 212 418 913 

Serbia 41,025 36,786 170 26 9 39 16 148 475 677 

Slovakia  36,032 27,917 140 19 7 71 99 577 483 1,230 

Slovenia  30,514 27,911 127 17 7 35 52 97 699 883 

Spain  25,227 21,877 104 13 4 31 61 107 225 424 

Sweden  28,818 24,780 118 15 10 101 128 188 293 710 

Switzerland 29,184 23,839 121 15 6 29 35 150 537 751 

Turkey 24,400 24,670 106 12 7 58 34 101 1,158 1,351 

UK  37,790 28,686 148 20 7 42 197 158 178 576 

Mean 34,281 28,501 138 18 7 39 110 276 479 904 

Adjusted for purchasing power parity (PPP). Green font - CRC costs, Red font – other cancer costs 
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Table 3-5 CRC-related resource units per 1,000 population in 33 European countries, by country, 2015. 

 
Mortality losses Morbidity 

 Losses 

Informal care 

Care hours 

Healthcare contacts 

Country Deaths Working years lost Working  

days lost 

Carers in 

employment 

Carers not in  

employment 

GP visit Outpatient visit A&E visit Hospital 

day 

 Males Females Males Females   
     

Austria  0.03 0.02 0.38 0.19 16 137 111 83 2 4 19 

Belgium  0.03 0.02 0.34 0.21 33 125 125 30 14 1 12 

Bulgaria  0.06 0.04 0.59 0.30 7 175 175 19 8 1 10 

Croatia 0.08 0.04 0.72 0.41 8 227 276 63 45 6 22 

Cyprus  0.01 0.01 0.23 0.12 2 66 64 5 2 1 5 

Czech Rep.  0.05 0.03 0.57 0.31 29 184 147 23 23 0.5 16 

Denmark  0.03 0.03 0.41 0.30 15 178 135 87 15 0.01 9 

Estonia  0.04 0.04 0.72 0.33 8 192 145 44 8 5 17 

Finland  0.03 0.02 0.29 0.20 20 121 102 10 0.3 2 14 

France  0.03 0.02 0.36 0.24 59 133 125 19 8 2 10 

Germany  0.04 0.02 0.49 0.30 7 185 134 31 41 1 26 

Greece  0.03 0.02 0.27 0.13 1 102 147 51 1 4 12 

Hungary  0.10 0.05 1.09 0.50 9 257 244 78 0.5 1 22 

Iceland 0.02 0.02 0.22 0.48 4 147 81 22 9 2 13 

Ireland  0.04 0.02 0.50 0.23 1 108 103 13 3 1 8 

Italy  0.03 0.02 0.38 0.21 4 136 167 49 4 6 12 

Latvia  0.04 0.03 0.48 0.30 13 183 156 82 78 3 17 

Lithuania  0.04 0.03 0.54 0.33 9 169 141 60 30 28 16 

Luxembourg  0.04 0.01 0.56 0.06 115 108 96 24 54 1 15 

Malta  0.04 0.02 0.42 0.14 59 125 123 9 12 2 10 

Netherlands  0.04 0.03 0.50 0.30 49 167 127 49 80 1 10 
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Mortality losses Morbidity 

 Losses 

Informal care 

Care hours 

Healthcare contacts 

Country Deaths Working years lost Working  

days lost 

Carers in 

employment 

Carers not in  

employment 

GP visit Outpatient visit A&E visit Hospital 

day 

 Males Females Males Females   
     

Norway 0.04 0.03 0.51 0.38 234 178 124 24 8 2 11 

Poland  0.05 0.03 0.63 0.31 58 147 144 25 43 1 8 

Portugal  0.05 0.03 0.58 0.35 0.1 192 181 23 20 8 11 

Romania  0.06 0.03 0.69 0.32 4 143 148 69 42 1 14 

Serbia 0.07 0.04 0.68 0.28 3 139 220 72 72 2 20 

Slovakia  0.07 0.04 0.75 0.40 65 183 180 39 105 1 16 

Slovenia  0.06 0.03 0.79 0.33 8 183 173 31 11 2 14 

Spain  0.04 0.03 0.44 0.25 16 149 174 51 1 6 12 

Sweden  0.03 0.02 0.38 0.27 23 171 115 10 4 1 9 

Switzerland 0.02 0.02 0.36 0.25 11 127 82 24 9 1 13 

Turkey 0.02 0.01 0.33 0.10 9 36 54 6 9 2 3 

UK  0.03 0.02 0.47 0.31 43 141 106 19 1 2 8 

            

Mean 0.04 0.03 0.50 0.28 29 152 140 38 23 3 13 

Mortality losses are CRC deaths (15 to 65 years), for both males and females, and consequential working years lost after adjusting for employment rate. Morbidity 

losses list the number of CRC sick days taken and is a measure of temporary morbidity. Informal care hours are a measure of voluntary caregiver hours expended 

on CRC patients. Healthcare contacts are the number of visits of a CRC patient. 

Green font - CRC activity, Red font – General cancer activity 



Chapter 3  Economic Burden of CRC 

70 

 Informal care costs 

Informal care costs amounted to €2.2bn (10% of the economic burden of CRC) (Table 

3-3), ranging from €0.4mn (Iceland) to €403mn (Germany) (PPP-adjusted). 

 Productivity losses 

Average unit costs diverged by country, losses in daily earnings ranging from €99 

(Cyprus and Greece) to €219 (Denmark) (PPP adjusted). There was significant 

deviation in the number of years/days lost because of premature death and morbidity. 

Losses due to CRC deaths were 26% of total CRC economic burden (€5.7bn), ranging 

from €2.2mn (Iceland) to €1bn (Germany) (Table 3-3). Morbidity losses represented 

32% of the economic CRC burden at €7bn, ranging from €2.3mn (Cyprus) to €1bn 

(UK). 

 Drivers and determinants of CRC healthcare costs 

Results of univariate OLS regression revealed: a strong positive relationship between 

CRC healthcare expenditure and GDP (per capita, p = 0.001; per case, p = 0.001), a 

strong positive relationship between CRC healthcare costs and CRC DALYs (per 

capita, p = 0.000; per case 0.001), a positive relationship between CRC healthcare 

costs and CRC incidence (per capita, p = 0.041), a strong negative relationship 

between CRC healthcare costs and CRC prevalence (per capita, p = 0.019; per case, p 

= 0.000), a strong positive relationship between CRC healthcare costs and CRC 

mortality (per capita, p = 0.000; per case, p = 0.001), and a negative relationship 

between CRC healthcare costs and net CRC 5-year survival (per capita, p = 0.011; per 

case, p = 0.038).  

A multivariate regression model was created by regressing CRC healthcare costs on a 

set of independent variables (GDP, total healthcare expenditure, CRC DALYs, CRC 

prevalence, CRC incidence, CRC mortality, and CRC survival) for the EUR-33. R2 

(per capita = 0.5590; per case = 0.6275) and F (per capita = 0.0022; per case = 0.0003) 

indicated a significant association between the set of independent variables and CRC 

healthcare costs.  

 Sensitivity analysis 

Sensitivity analysis (Supplementary Figure 4-1) indicated the largest effect on total 

CRC costs resulted from discounting future earnings lost to mortality/morbidity (0%, 
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3.5% baseline, 10%), resulting in a range of €19.1bn-€24.3bn, with the second-largest 

effect from a 20% variation in healthcare costs (€20.5bn-€23.3bn). 

 Systemic Therapy 

CRC pharmaceutical expenditure was €1.9bn for the EUR-33. Unfortunately, for 

Cyprus, Denmark, Iceland, Luxembourg, Malta, and Netherlands, a detailed 

breakdown of pharmaceutical expenditure was unavailable; an in-depth analysis was 

performed for the remaining countries (EUR-27) which revealed significant variations 

in the deployment of both chemotherapeutic and targeted pharmaceutical across 

Europe.  

3.3.6.1 Chemotherapy 

Expenditure on 5-FU and its oral analogue capecitabine was €167mn, 9% of the total 

EUR-27 CRC pharmaceutical budget. 5-FU was prescribed in all countries except 

Estonia, with Latvia having the highest proportional spend (€278,123; 10%) and Italy 

the lowest proportion spend (€1mn; 0.5%). Trend analysis (Table 3-6) showed a 16% 

increase in expenditure from €44mn to €50mn (2015-2017). All countries prescribed 

capecitabine, with Estonia having the highest proportional spend (€912,858; 71%) and 

Bulgaria the lowest proportional spend (€1mn; 2%). Trend analysis (Table 3-6) 

showed a decrease in expenditure by 0.5%, from €124mn to €123mn (2015-2017). 

Expenditure on oxaliplatin was 9% of the total CRC pharmaceutical budget for EUR-

27. All countries except Estonia prescribed oxaliplatin; the UK had the highest 

proportional spend (€36mn; 24%) and Greece the lowest proportional spend (€18,624; 

0.5%). Trend analysis showed expenditure increasing by 6%, from €180mn to €191mn 

(2015-2017). 

Expenditure on Folic acid (including calcium folinate, calcium levofolinate, and 

calcium mefolinate) was €132mn (7%) of the total EUR-27 CRC pharmaceutical 

budget (Table 6). Folic acid, its derivatives and precursors were prescribed in all 

countries, with Greece the highest proportional spend (€3mn; 78%) and Slovakia the 

lowest proportional spend (€299,786; 0.7%). Trend analysis indicated a 26% increase 

in expenditure from €132mn to €166mn (2015-2017). 
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Table 3-6 CRC non-targeted pharmaceutical costs and proportions 2015, by country and molecule, 2015 to first quarter of 2017 trends 

 

a. Non-targeted:  Calcium Folinate – Leucovorin; Calcium Levofolinate – Leoleucovorin; Calcium Mefolinate – Prefolic; Capecitabine - Xeloda; Fluorouracil – Adrucil; 

Irinotecan -Camptosar; Oxaliplatin – Eloxatin; Raltitrexed - Tomudex. 

b. Cyprus, Denmark, Iceland, Malta, Luxembourg, and Netherlands not included 

c. Trendline showing pharmaceutical sales per year. 

Adjusted for purchasing power parity (PPP). MOA – mechanism of action. 

MOA:

Type:

Namea:

Countryb Cost % Trendc Cost % Trend Cost % Trend Cost % Trend Cost % Trend Cost % Trend

Austria 986,319€                 2.72% 923,356€               2.55% 629,549€                 1.74% 2,940,936€             8.12% 3,308,488€             9.13% 189,126€            0.52%

Belgium 1,305,152€             3.43% 935,229€               2.46% 869,514€                 2.28% 3,144,464€             8.26% 2,502,284€             6.57% 44,047€               0.12%

Bulgaria 2,237,552€             2.54% 1,378,601€           1.56% 920,110€                 1.04% 715,255€                 0.81% 1,144,288€             1.30% -€                     0.00%

Croatia 1,264,755€             6.89% 2,542,940€           13.86% 573,731€                 3.13% 2,730,842€             14.88% 1,419,059€             7.73% -€                     0.00%

Czech Rep. 1,953,082€             8.42% 5,214,121€           22.48% 1,059,486€             4.57% 918,093€                 3.96% 1,004,493€             4.33% 67,732€               0.29%

Estonia 332,061€                 25.82% 912,838€               70.98% -€                          0.00% -€                          0.00% -€                          0.00% -€                     0.00%

Finland 750,284€                 5.03% 947,870€               6.36% 91,996€                   0.62% 246,781€                 1.66% 125,716€                 0.84% -€                     0.00%

France 25,102,950€           7.68% 11,853,940€         3.63% 3,605,989€             1.10% 44,433,823€           13.59% 49,496,367€           15.14% 1,155,659€         0.35%

Germany 10,955,441€           4.99% 8,454,864€           3.85% 6,902,851€             3.14% 8,672,863€             3.95% 10,921,509€           4.97% -€                     0.00%

Greece 3,013,148€             77.70% 283,576€               7.31% 355,874€                 9.18% 49,452€                   1.28% 18,624€                   0.48% -€                     0.00%

Hungary 9,706,987€             5.81% 6,811,697€           4.08% 2,656,437€             1.59% 4,737,203€             2.83% 8,753,951€             5.24% 518,077€            0.31%

Ireland 2,046,229€             15.00% 511,034€               3.74% 308,835€                 2.26% 1,002,645€             7.35% 1,524,421€             11.17% -€                     0.00%

Italy 26,447,747€           11.00% 13,505,286€         5.62% 1,156,030€             0.48% 12,260,239€           5.10% 34,033,790€           14.16% 675,774€            0.28%

Latvia 1,224,205€             42.06% 282,407€               9.70% 278,123€                 9.56% 193,706€                 6.66% 149,016€                 5.12% -€                     0.00%

Lithuania 1,356,664€             44.84% 760,348€               25.13% 232,225€                 7.68% 49,034€                   1.62% 27,269€                   0.90% -€                     0.00%

Norway 166,619€                 4.08% 141,642€               3.47% 56,706€                   1.39% 82,521€                   2.02% 87,319€                   2.14% 1,784€                 0.04%

Poland 2,617,683€             4.74% 5,610,485€           10.15% 4,374,401€             7.92% 2,520,057€             4.56% 1,155,329€             2.09% -€                     0.00%

Portugal 1,381,216€             5.47% 912,046€               3.61% 842,178€                 3.33% 556,811€                 2.20% 361,423€                 1.43% 55,444€               0.22%

Romania 3,652,834€             2.55% 18,026,752€         12.59% 1,065,008€             0.74% 6,654,256€             4.65% 4,670,313€             3.26% -€                     0.00%

Serbia 1,414,882€             11.03% 1,321,685€           10.30% 1,182,843€             9.22% 638,919€                 4.98% 584,817€                 4.56% -€                     0.00%

Slovakia 299,786€                 0.70% 3,207,155€           7.49% 522,942€                 1.22% 571,589€                 1.33% 501,450€                 1.17% -€                     0.00%

Slovenia 91,797€                   1.25% 541,909€               7.38% 88,900€                   1.21% 20,513€                   0.28% 118,998€                 1.62% -€                     0.00%

Spain 5,486,699€             4.36% 9,968,595€           7.93% 2,830,719€             2.25% 3,786,620€             3.01% 16,112,570€           12.82% 1,926,143€         1.53%

Sweden 932,157€                 8.70% 320,036€               2.99% 214,155€                 2.00% 126,897€                 1.18% 121,382€                 1.13% -€                     0.00%

Switzerland 923,639€                 5.49% 999,980€               5.94% 382,001€                 2.27% 1,107,392€             6.58% 2,401,410€             14.27% 5,296€                 0.03%

Turkey 15,310,280€           13.32% 10,324,711€         8.98% 2,790,506€             2.43% 3,183,667€             2.77% 3,483,595€             3.03% 369,345€            0.32%

UK 10,922,763€           7.24% 16,998,329€         11.26% 9,599,635€             6.36% 17,829,611€           11.81% 36,388,435€           24.11% 588,804€            0.39%

EUR-27 131,884,946€         6.91% 123,693,447€      6.48% 43,592,760€           2.29% 119,176,206€         6.25% 180,418,333€         9.46% 5,599,248€         0.29%

Converted to fluorouracil

Capecitabine

Inhibits synthesis of DNA

Raltitrexed

Inhibits synthesis of DNA

AntimetaboliteDerivative of camptothecinPyrimidine antimetabolite

Fluorouracil

Inhibits topoisomerase I action

Irinotecan

Platinum-based

Oxaliplatin

Blocks DNA replicationEffect of fluorouracil enhanced

Precusors and derivatives

Folic acid
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Expenditure on irinotecan was 6% of the EUR-27 total CRC pharmaceutical budget. 

All counties except Estonia prescribed irinotecan; France had the highest proportional 

spend (€44mn; 14%) and Slovenia the lowest proportion spend (€20,513; 0.3%). Trend 

analysis showed expenditure increasing by 13%, from €119mn to €135mn (2015-

2017). 

Expenditure on raltitrexed was 0.3% of total CRC pharmaceutical budget for EUR-27. 

Raltitrexed was only prescribed in 12 of the EUR-27; Spain had the highest 

proportional spend (€2mn; 2%) and Switzerland the lowest proportional spend 

(€5,296; 0.03%). Trend analysis showed expenditure decreasing by 5%, from €5.6mn 

to €5.3mn (2015-2017). 

 

3.3.6.2 Targeted Therapy 

Of the CRC targeted pharmaceuticals available in 2015 in the EUR-27 (Table 3-7), 

bevacizumab was the most prescribed. Expenditure in 2015 was €771mn (40%), the 

largest of all EUR-27 CRC targeted pharmaceuticals proportional expenditure. All 

countries evaluated prescribed bevacizumab, ranging from 0.02% (€540) for Latvia to 

72% (€30.9mn) for Slovakia. Trend analysis (Table 3-7) indicated a 4% increase, to 

€804mn (2015-2017). The smallest targeted pharmaceutical expenditure was for 

aflibercept, 2% of the total EUR-27 CRC pharmaceutical budget. Only 16 of EUR-27 

used aflibercept (Table 7), with Belgium having the largest proportional expenditure 

(€2mn; 5%). Trend analysis (Table 3-7) showed that expenditure is increasing by 26%, 

from €36mn to €46mn (2015-2017). 

Cetuximab had the second-largest proportional targeted pharmaceutical expenditure 

of the EUR-27 (€278mn;15%). In Serbia, cetuximab expenditure (€5.1mn; 40%) 

represented more than twice the costs as bevacizumab (€2.4mn; 19%). Cetuximab was 

not prescribed in Estonia or Greece and was rarely prescribed in Lithuania (€1,447; 

0.05%). Trend analysis indicated that costs had increased by 13%, from €278mn to 

€314mn (2015-2017).  

Panitumumab had the third highest proportional targeted pharmaceutical spend in the 

EUR-27, representing 9% of the total EUR-27 CRC pharmaceutical budget. Sweden 

had the highest proportional expenditure, 28% (€3mn) and Romania the lowest at 
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Table 3-7 CRC targeted pharmaceutical costs and proportions 2015, by country and molecule, 2015 to first quarter of 2017 

trends 

 

a. Targeted: Aflibercept - Zaltrap; Bevacizumab -Avastin; Cetuximab – Erbitux; Panitumumab – Vectibix; Ramucirumab – Cyramza; Regorafenib – Stivarga. b. No 2015 data for ramucirumab as not 

released onto European market until 2016. d. Cyprus, Denmark, Iceland, Malta, Luxembourg, and Netherlands not included 

EGFR - epidermal growth factor receptor; MOA – mechanism of action VEGF - vascular endothelial growth factor; VEGFR-2 - vascular endothelial growth factor receptor 2. 

Adjusted for purchasing power parity (PPP)

Target - MOA:

Type:

Namea:

Countryd % Trend Cost % Trend Cost % Trend Cost % Trend Cost % Trend Cost % Trend Cost % Trend Cost Trend

Austria 0.00% 1,856,061€           5.12% 1,280,752€           3.53% 16,762,754€           46.25% 3,568,758€             9.85% 3,793,864€             10.47% 27,262,189€         75.23% 36,239,965€         

Belgium 0.00% 617,834€               1.62% 1,989,914€           5.22% 15,666,851€           41.13% 6,492,516€             17.05% 4,520,651€             11.87% 29,287,766€         76.89% 38,088,456€         

Bulgaria 0.00% -€                        0.00% 1,809,672€           2.05% 51,440,032€           58.33% 9,287,732€             10.53% 19,260,305€           21.84% 81,797,742€         92.75% 88,193,548€         

Croatia 0.00% 15,263€                 0.08% -€                        0.00% 6,967,729€             37.97% 1,903,230€             10.37% 931,027€                 5.07% 9,817,249€           53.50% 18,348,575€         

Czech Rep. 0.00% -€                        0.00% -€                        0.00% 5,041,238€             21.74% 5,654,713€             24.38% 2,277,483€             9.82% 12,973,434€         55.94% 23,190,441€         

Estonia 0.00% -€                        0.00% -€                        0.00% 41,065€                   3.19% -€                          0.00% -€                          0.00% 41,065€                 3.19% 1,285,964€           

Finland 0.00% 667,272€               4.48% 294,792€               1.98% 7,667,219€             51.44% 766,582€                 5.14% 3,347,149€             22.46% 12,743,014€         85.49% 14,905,661€         

France 0.00% 9,429,089€           2.88% 8,881,514€           2.72% 105,286,828€         32.21% 40,210,785€           12.30% 27,387,189€           8.38% 191,195,406€      58.50% 326,844,133€      

Germany 0.00% 11,578,475€         5.27% 6,165,377€           2.81% 93,405,151€           42.55% 36,668,010€           16.70% 25,805,249€           11.75% 173,622,262€      79.09% 219,529,790€      

Greece 0.00% -€                        0.00% -€                        0.00% 142,775€                 3.68% -€                          0.00% 14,495€                   0.37% 157,270€               4.06% 3,877,944€           

Hungary 0.00% 583,504€               0.35% -€                        0.00% 69,620,860€           41.65% 37,806,350€           22.62% 25,941,966€           15.52% 133,952,680€      80.15% 167,137,032€      

Ireland 0.00% 542,564€               3.98% 43,626€                 0.32% 4,987,243€             36.55% 1,376,957€             10.09% 1,302,424€             9.54% 8,252,815€           60.48% 13,645,980€         

Italy 0.00% 6,628,776€           2.76% 4,859,591€           2.02% 89,514,923€           37.24% 29,048,496€           12.09% 22,224,747€           9.25% 152,276,533€      63.35% 240,355,400€      

Latvia 0.00% -€                        0.00% -€                        0.00% 540€                         0.02% 782,484€                 26.89% -€                          0.00% 783,025€               26.90% 2,910,482€           

Lithuania 0.00% 127,636€               4.22% -€                        0.00% 470,955€                 15.57% 1,447€                      0.05% -€                          0.00% 600,038€               19.83% 3,025,579€           

Norway 0.00% 247,871€               6.06% 6,349€                   0.16% 1,875,724€             45.89% 320,362€                 7.84% 1,100,766€             26.93% 3,551,072€           86.87% 4,087,663€           

Poland 0.00% 139,688€               0.25% -€                        0.00% 31,773,039€           57.50% 7,070,819€             12.80% -€                          0.00% 38,983,546€         70.54% 55,261,501€         

Portugal 0.00% 146,111€               0.58% 42,169€                 0.17% 10,009,941€           39.62% 8,770,595€             34.71% 2,187,342€             8.66% 21,156,158€         83.74% 25,265,277€         

Romania 0.00% 18,706€                 0.01% -€                        0.00% 97,540,744€           68.13% 11,446,864€           7.99% 102,767€                 0.07% 109,109,081€      76.21% 143,178,245€      

Serbia 0.00% -€                        0.00% -€                        0.00% 2,379,362€             18.55% 5,108,630€             39.83% 195,320€                 1.52% 7,683,313€           59.90% 12,826,458€         

Slovakia 0.00% 15,407€                 0.04% 1,037,062€           2.42% 30,937,601€           72.23% 2,419,556€             5.65% 3,319,457€             7.75% 37,729,083€         88.09% 42,832,005€         

Slovenia 0.00% 573,550€               7.81% 189,453€               2.58% 3,430,366€             46.74% 1,288,553€             17.56% 995,814€                 13.57% 6,477,735€           88.25% 7,339,853€           

Spain 0.00% 2,113,837€           1.68% 5,854,552€           4.66% 45,394,797€           36.11% 17,692,027€           14.07% 14,537,370€           11.56% 85,592,582€         68.09% 125,703,928€      

Sweden 0.00% 215,693€               2.01% 199,920€               1.87% 4,656,360€             43.44% 924,201€                 8.62% 3,007,058€             28.06% 9,003,232€           84.00% 10,717,858€         

Switzerland 0.00% 757,010€               4.50% 523,387€               3.11% 6,344,265€             37.71% 2,243,032€             13.33% 1,137,306€             6.76% 11,005,000€         65.41% 16,824,717€         

Turkey 0.00% 3,336,729€           2.90% -€                        0.00% 41,993,661€           36.53% 23,030,635€           20.03% 11,137,788€           9.69% 79,498,814€         69.15% 114,960,919€      

UK 0.00% 1,896,274€           1.26% 2,992,494€           1.98% 28,000,170€           18.55% 24,105,573€           15.97% 1,623,684€             1.08% 58,618,195€         38.83% 150,945,772€      

EUR-27 0.00% 41,507,351€         2.18% 36,170,625€         1.90% 771,352,191€         40.44% 277,988,909€         14.57% 176,151,221€         9.23% 1,303,170,298€   68.32% 1,907,523,146€   

Aflibercept

All anti-neoplastic 

CRC therapiescTotal targeted CRC therapies

VEGFR-2 - blocks angiogenesis VEGF - blocks angiogenesis EGFR - blocks cell growth

RegorafenibRamucirumabb

Monoclonal

antibody

Protein tyrosine

kinase inhibitor

Recombinant

fusion protein Monoclonal antibody Monoclonal antibody Monoclonal antibody

PanitumumabCetuximabBevacizumab
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0.07% (€102,767). Panitumumab was not prescribed in Estonia, Latvia, Lithuania, or 

Poland. Trend analysis indicated expenditure was rising in the majority of the EUR-

27 by 26%, from €176mn to €222mn (2015-2017). 

Regorafenib expenditure was €42mn (2% of the total CRC pharmaceutical budget for 

the EUR-27). Slovenia had the highest proportional spend, (€440,510; 8%) and 

Romania the lowest proportional spend (€18,706; 0.01%); Bulgaria, the Czech 

Republic, Estonia, Greece, Latvia, and Serbia did not prescribe regorafenib. Trend 

analysis showed expenditure increasing by 3%, to €43mn (2015-2017). 

Trend analysis showed 17 of the EUR-27 prescribed ramucirumab for CRC in 2016 

(no 2015 data available), representing 0.3% (€7mn) of the EUR-27 countries CRC 

pharmaceutical budget, with expenditure rising by 33% to €9mn in 2017. 

Overall, evaluating country-specific activities, France had the highest 2015 

expenditure (€191mn), both in overall spend and for individual CRC targeted 

pharmaceuticals (excepting regorafenib, for which Germany had the highest spend 

(€11.6mn)). The financial outlay on CRC targeted pharmaceuticals ranged from 3% 

(€41,065 (Estonia)) to 93% (€81.8mn (Bulgaria)) (Table 3-7). Trend analysis indicated 

a 9.3% rise from 2015 to 2017 across the EUR-27 (from €1.3bn to €1.4bn). 

 

 CRC Expenditure by Region, Resources and Survival 

A multivariate regression model (supplementary materials, Table 4-7) was created by 

regressing CRC survival on a set of independent variables (numbers of oncologists, 

CT scanners, CT scans, radiologists, radiotherapy machines, surgical oncologists, 

laparoscopic colectomies) for the EUR-33. Results indicated a significant association 

between the set of independent variables and CRC survival rates, R2 (0.507) and F 

(0.0071). 

Nine of the CEE countries were in the top half of the EUR-33 for CRC expenditure as 

a proportion of total healthcare expenditure (Table 3-8). However, with the exception 

of numbers of radiologists, there was a paucity of CRC-related hospital personnel, 

resources, and activities (numbers of oncologists, CT scanners, CT scans, radiotherapy 

machines, surgical oncologists, laparoscopic colectomies) in CEE countries. All CEE 

countries were in the bottom half for CRC net survival.  
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Table 3-8 Ranking of hospital related resources and their association with CRC survival 

and expenditure for 33 European countries. 

 

Green – Western Europe, Yellow – Southern Europe, Red – Central and Eastern Europe, Blue – Northern Europe 

a – 2018 data from European Society of Surgical Oncologists (ESSO) members only, some countries may be underrepresented. 

% of THE – CRC healthcare costs as a percentage of total healthcare expenditure; Pharmaceuticals and hospital care costs as a 

percentage of all CRC healthcare costs; CT – computer tomography. THE – total healthcare expenditure. *Exercise caution 

when figures are doubled underlined as this indicates extrapolation from similar geo-cultural data 

Of the Northern European (NE) countries, Denmark, Iceland and Norway were 

consistently in the bottom half of EUR-33 for CRC expenditure as a proportion of total 

healthcare expenditure and in the top half of EUR-33 for CRC-related hospital 

resources, and activities. All Scandinavian countries were in the top half for CRC 

survival and in the bottom half for pharmaceutical expenditure (excepting Finland).  

For Western European (WE) countries, Switzerland appeared at the mid-point for CRC 

expenditure as a proportion of total healthcare expenditure and in the top half for CRC-

related hospital resources, and activities, while all WE countries were in the top half 

for survival. 

1 LU 84% BG 66% HR 1.10% CY 73% IT 7.13 IS 3.93 LU 20,766 EL 31.00 CH 1.65 IS 5.17 DK 43.02

2 EL 74% FR 49% RO 1.07% BE 68% PL 5.71 DK 3.77 BE 19,880 LT 20.93 FR 1.65 FI 4.15 IS 32.57

3 PL 72% UK 42% SK 1.01% LU 68% SE 5.7 NO 3.77 CH 19,744 HR 19.58 DK 1.37 NL 4.00 NO 32.57

4 MT 70% ES 35% AT 0.90% NO 67% IS 4.84 LV 3.69 FR 19,744 AT 18.17 NL 1.37 AT 3.03 CH 29.82

5 CH 69% HU 33% HU 0.78% CH 67% EE 4.56 CH 3.61 IT 19,744 CZ 18.07 SK 1.24 CY 2.60 DE 29.82

6 CY 66% CZ 32% EE 0.75% IS 67% NO 4.18 DE 3.51 IS 19,095 HU 18.07 FI 1.04 SI 2.52 FR 28.3

7 FI 65% IE 32% SI 0.74% SE 65% BE 4.03 EL 3.51 EL 18,030 SK 18.07 IE 0.98 LU 2.31 ES 22.95

8 SI 65% BE 28% IT 0.67% FI 65% CH 3.94 CY 3.42 TR 17,484 EE 17.79 IS 0.91 LT 2.02 AT 21.49

9 IS 63% SI 27% DE 0.60% DE 64% ES 3.94 BG 3.36 LV 16,852 ES 16.06 NO 0.91 EL 1.79 CZ 16.79

10 RS 62% TR 26% BG 0.54% AT 64% IE 3.85 IT 3.33 DK 16,179 FR 15.47 BE 0.88 EE 1.67 SK 16.79

11 TR 60% IT 25% PL 0.53% NL 64% UK 3.78 AT 2.90 NO 16,179 SE 15.33 LU 0.88 BE 1.28 FI 16.63

12 IT 58% FI 24% LV 0.50% EL 64% AT 3.54 FI 2.15 SE 16,179 BG 14.49 CZ 0.85 IT 1.23 HU 16.05

13 BE 56% RO 24% PT 0.48% IT 64% CY 3.54 SE 2.15 SK 15,620 LU 13.87 BG 0.84 IE 1.12 IT 15.16

14 LV 55% DE 24% ES 0.45% FR 63% DE 3.54 LT 2.10 EE 15,190 NO 13.47 HR 0.81 PT 0.97 NL 14.85

15 PT 55% SK 23% NL 0.43% DK 63% EL 3.32 MT 1.85 AT 14,377 BE 13.45 LT 0.79 RS 0.84 IE 12.99

16 AT 52% HR 22% CH 0.40% ES 62% FI 3.17 ES 1.80 DE 14,377 CY 13.45 MT 0.69 PL 0.74 UK 12.99

17 IE 51% SE 20% IS 0.39% SI 61% RO 3.13 PT 1.80 CY 13,995 LV 13.15 IT 0.68 HR 0.71 SE 11.98

18 NO 50% CH 20% DK 0.36% IE 61% LV 3.08 SK 1.79 HU 10,708 SI 12.79 SI 0.58 LV 0.60 EE 11.48

19 CZ 50% PT 19% FI 0.36% UK 61% DK 2.99 IE 1.77 ES 10,486 FI 12.69 UK 0.58 NO 0.56 LT 11.48

20 SE 49% NO 19% EL 0.35% PT 61% NL 2.99 BE 1.76 PT 10,486 RS 12.64 EL 0.57 BG 0.56 LV 11.48

21 HU 48% AT 18% TR 0.35% EE 57% CZ 2.89 LU 1.76 CZ 10,191 PT 12.63 AT 0.49 ES 0.49 PL 11.48

22 DK 45% CY 17% BE 0.34% MT 57% HU 2.89 PL 1.72 PL 9,704 NL 12.36 DE 0.49 UK 0.48 RS 10.71

23 FR 44% LT 14% IE 0.34% LV 55% SK 2.89 EE 1.67 LT 9,476 CH 12.03 ES 0.49 MT 0.47 SI 10.71

24 DE 42% MT 13% FR 0.33% LT 55% PT 2.83 FR 1.66 MT 8,307 DE 11.96 PT 0.49 RO 0.46 MT 8.57

25 EE 42% PL 13% LT 0.25% CZ 55% LT 2.34 CZ 1.61 IE 8,081 DK 11.09 SE 0.49 FR 0.44 HR 2.28

26 ES 36% LV 12% MT 0.24% HU 55% BG 1.95 HR 1.52 NL 8,081 IS 10.28 CY 0.47 SE 0.41 CY 1.06

27 LT 33% RS 11% CZ 0.24% TR 54% MT 1.85 TR 1.43 UK 8,081 RO 10.14 HU 0.46 SK 0.35 EL 1.06

28 UK 32% IS 10% UK 0.20% RO 54% HR 1.70 NL 1.38 HR 7,742 MT 9.03 PL 0.42 DK 0.32 BE 0.68

29 BG 28% NL 8% NO 0.17% PL 51% SI 1.70 SI 1.31 SI 6,184 PL 8.08 LV 0.40 CH 0.32 LU 0.68

30 SK 27% DK 8% SE 0.17% SK 51% FR 1.45 RO 1.18 BG 5,137 IE 7.78 EE 0.38 DE 0.27 PT 0.49

31 HR 26% EL 8% RS 0.14% HR 50% RS 0.76 RS 0.98 RS 4,383 TR 7.77 RO 0.37 HU 0.27 BG 0.00

32 NL 25% EE 6% LU 0.08% RS 50% TR 0.66 UK 0.95 FI 3,416 UK 7.51 RS 0.31 CZ 0.25 RO 0.00

33 RO 24% LU 1% CY 0.08% BG 50% LU 0.35 HU 0.84 RO 2,583 IT 3.30 TR 0.26 TR 0.12 TR 0.00
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For Southern European (SE) countries, no discernible pattern was observed.  

Of the thirteen top EUR-33 countries classified in terms of survival, 12/13 (Germany 

was the exception) spent at least twice as much on hospital-based care as on 

pharmaceuticals. 

 

 Costs comparisons: 2009 versus 2015 

Compared to the 2009 health economic study for all cancers for EU-27, CRC overall 

costs have increased by 51% from €14.5bn to €21.9bn (after adjusting for inflation), 

while CRC healthcare costs have increased by 11%, from €6.1bn to €7bn (23). We 

only performed specific comparisons with 2009 data for hospital care and 

pharmaceutical costs to evaluate changes over time, as activity in the former and 

expenditure in the latter are directly comparable. The greatest percentage increase for 

hospital care costs were in Hungary (+222%), Portugal (+155%), Malta (+96%), and 

Austria (+84%) (Table 3-9). The largest increases in pharmaceutical expenditures were 

in Bulgaria (+818%), Ireland (+473%), Hungary (+398%), and Austria (+369%). All 

EUR-33 increased their pharmaceutical budget from 2009-2015, excepting Cyprus (-

83%), Luxembourg (-80%), and Greece (-75%) (Table 3-9). 

3.4 Discussion 

This study represents the most comprehensive analysis reported to date on the 

economic burden of CRC across Europe and provides valuable intelligence for policy 

makers and providers to inform their decision-making on service prioritisation and 

budget allocation in order to improve CRC outcomes. More broadly, CRC is also a 

‘Bellwether’ cancer that can reflect how well overall cancer systems are performing. 

Previously, we reported on the economic cost of CRC in the EU-27, as part of an 

overall assessment of the financial burden of cancer in the EU (23). This current study 

significantly extends and improves that analysis, not only expanding the study from 

27 to 33 countries, but also updating and significantly increasing the CRC-specific 

nature of the data, particularly in relation to pharmaceutical use. Hospital-specific PPP 

adjustments were made throughout to enable like-for-like comparisons between EUR-

33 countries (206). We also employed the human capital approach instead of the 

friction cost approach, reflecting its greater focus on patients and society.  
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Table 3-9 Comparison of 2009 to 2015 CRC costs of hospital care and     

pharmaceuticals. 

 

Adjusted for purchasing power parity (PPP). 2009 prices inflated to 2015. 

Green font - CRC activity and costs, Red font – CRC activity and other cancer costs, 

Blue font – general cancer activity and other cancer costs 

 

Our analysis indicated that those countries with higher CRC-specific mortality had 

higher CRC healthcare costs and conversely, those countries with the best CRC-

specific survival had lower costs, reflecting both the higher costs of treating late stage 

presentation as well as higher costs within less efficient care systems see Figure 3-3 

(218). Better CRC-specific survival across the EUR-33 correlated significantly with 

better resourcing, as demonstrated by metrics such as the number of oncologists 

(surgical, medical), CT scanners and scans performed, and radiotherapy equipment, 

etc. The best CRC-specific survival rates found in countries such as Denmark, Iceland, 

and Norway are clearly related to expenditure on foundational aspects of treating CRC 

Country 2009 2015 Change 2009 2015 Change

Austria 56,821 104,808 84% 7,723 36,240 369%

Belgium 76,342 75,941 -1% 10,478 38,088 263%

Bulgaria 33,633 38,194 14% 9,610 88,194 818%

Cyprus 1,747 575 -67% 873 145 -83%

Czech Rep. 102,390 36,140 -65% 16,717 23,190 39%

Denmark 33,312 36,841 11% 5,793 6,738 16%

Estonia 7,467 8,767 17% 498 1,286 158%

Finland 38,112 39,815 4% 4,158 14,906 259%

France 373,728 295,779 -21% 91,961 326,844 255%

Germany 1,052,073 389,986 -63% 87,417 219,530 151%

Greece 41,608 37,835 -9% 15,501 3,878 -75%

Hungary 74,544 240,126 222% 33,545 167,137 398%

Ireland 26,193 22,092 -16% 2,381 13,646 473%

Italy 535,780 561,445 5% 61,615 240,355 290%

Latvia 17,034 13,618 -20% 2,129 2,910 37%

Lithuania 11,686 7,101 -39% 1,169 3,026 159%

Luxembourg 2,702 4,571 69% 338 69 -80%

Malta 1,059 2,081 96% 318 380 20%

Netherlands 196,024 56,882 -71% 12,945 18,757 45%

Poland 187,808 319,045 70% 25,505 55,262 117%

Portugal 28,008 71,326 155% 9,035 25,265 180%

Romania 106,420 143,408 35% 47,298 143,178 203%

Slovakia 56,222 42,608 -24% 20,079 42,832 113%

Slovenia 15,558 20,493 32% 2,829 7,340 159%

Spain 193,202 132,213 -32% 53,857 125,704 133%

Sweden 19,705 25,817 31% 5,971 10,718 79%

UK 320,473 116,957 -64% 33,414 150,925 352%

EU-27 3,609,652 2,844,463 -21% 563,156 1,766,543 214%

Hospital care Pharmaceuticals
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e.g. surgery, radiotherapy and human resources, rather than pharmaceutical 

expenditure (219).We found that some of the weakest health systems across the EUR 

were associated with high CRC-specific costs and poor outcomes. Nine countries, 

mostly from CEE, had the highest CRC-specific expenditure as a proportion of total 

healthcare expenditure. However, these countries are all in the bottom half for CRC 5-

year relative survival, indicating that greater CRC expenditure is not associated with 

improved outcomes (111). Unequal access to screening and late stage diagnosis may 

partially explain lower CRC survival rates, but less effective and efficient cancer care 

is also a major factor (220,221). Overall, CRC hospital care costs for the EUR-33 have 

remained relatively consistent at €471 per hospital stay (after adjusting for inflation), 

but final costs have diminished by 21% (€4.7bn to €2.8bn), due to reduced number of 

hospital stays. Pharmaceutical costs have more than tripled since 2009 (over 314%), 

with the majority of drug costs due to increases in targeted pharmaceuticals. However, 

there are wide variations across Europe, with 400-800% increases in Bulgaria and 

Hungary (which are not reflected in improved outcomes), while significant reductions 

(~80%) were seen in Cyprus, Greece and Luxembourg. Reductions for Cyprus and 

Greece are likely due to the direct consequence of the economic crisis. The decrease 

in Luxembourg may relate to the increasing willingness of patients to seek cross-

border care (222). While five Eastern European countries that spend the least on 

pharmaceuticals proportionally are in the bottom-half of the EUR-33, our data and 

those of others reveal that certain Eastern European countries have outpaced their 

Western European counterparts in pharmaceutical expenditure (223). 

 Strengths and limitations 

This study has a number of strengths and limitations. Over 200 sources were employed 

using more recent and, where possible, more CRC-specific data than the 2009 study. 

Data sources for hospital stay and pharmaceutical use were of higher quality, with 

further improvements in CRC-specific hospital costs data. Outpatient data sources 

have improved dramatically, with activity data (CRC or cancer-specific) available for 

15 of the EUR-33 (45%) compared to 3 of the EU-27 (10%) (2009). Our study 

specifically addresses CRC targeted pharmaceutical costs, which are principally 

responsible for the three-fold increase in total pharmaceutical expenditures. While 

outpatient-care for CRC healthcare costs were cancer-specific for 21 of the EUR-33, 

data for primary- and emergency-care from 2015 frequently required inferences and 
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Figure 3-3 Geographical spread of CRC survival and CRC costs as a percentage of total healthcare expenditure in 2015. 

AT Austria; BE Belgium; BG Bulgaria; CH Switzerland; CY Cyprus; CZ Czech Republic; DE Germany; DK Denmark; EE Estonia; EL Greece; ES Spain; 

FI Finland; FR France; HR Croatia; HU Hungary; IE Ireland; IS Iceland; IT Italy; LU Luxembourg; LT Lithuania; LV Latvia; MT Malta; NL the Netherlands; 

NO Norway; PL Poland; PT Portugal; RO Romania; RS Serbia;  SE Sweden; SI Slovenia; SK Slovakia; TR Turkey; UK United Kingdom. 
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extrapolations to estimate missing national data. Due to lack of available data, certain 

pharmaceutical costs (e.g., immunosuppressants, opioids, antiemetics) were not 

evaluated.  

Estimates of informal care were obtained using Wave 6 of the SHARE survey for 17 

of the EUR-33; we used SHARE data for similar countries to arrive at informal care 

estimates for the remainder. While we were able to calculate 2015 costs for 

productivity losses due to mortality and morbidity, comparisons to the 2009 study were 

not possible with a high degree of certainty, owning to differences in study design, e.g. 

the 2009 study used the friction cost approach while the 2015 study employed the more 

relevant human capital approach methodology. The 2009 study set retirement age at 

79, whereas our study set it at 65, in keeping with established economic evaluations of 

productivity losses based on mortality/morbidity. Our study is not performed at a high 

enough resolution to extrapolate which hospital sectors are associated with greater 

survival, i.e. presence of multidisciplinary teams, radiotherapy, surgery, etc. Finally, 

total costs calculated are likely to be underestimated, as several components ((e.g., 

healthcare provided outside the healthcare system (unaffiliated hospices), co-

morbidities due to CRC treatment, public health activities, and screening 

programmes)) had neither activity nor cost data available for the EUR-33. 

 Data Quality 

Several datasets are utilised in this economic burden study and are discussed below in 

order of reliability and strength of dataset quality. The primary dataset employed is 

Eurostat, covering the registries of each EU member, European Free Trade Association 

(EFTA) countries, and candidate member states. Eurostat’s quality standards are set 

by the European Statistics Code of Practice (224,225). Due to the transparency of data 

collection, processes, and output in Eurostat, there is a high level of confidence in this 

data. With regard to the SHARE data compiled from 27 European countries and Israel, 

SHARE has quality control systems in place to ensure highly trained interviewers 

collecting the data, and its Scientific Monitoring Board checks the scientific quality of 

the SHARE database (211). The data obtained from CONCORD-3 is the aggregation 

of 322 population-based registries in 71 countries. It applies standardised quality 

control procedures, and its survival estimates are age-standardised with the 

International Cancer Survival Standard Weights, and is currently used for the survival 

estimates for both the OECD and the EU’s Country Health Profiles included in the 
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State of the Health in the EU (226). The cancer data project NORDCAN (Denmark, 

Finland, Iceland, Norway, Sweden, Faroe Islands, and Greenland) has representatives 

from each country’s cancer registry and representatives from the Cancer Information 

Section at IARC who meet regularly to ensure and improve the quality and 

functionality of Registry Data (227). WHO’s IARC Global Cancer Observatory 

(GCO) platform of global cancer statistics recognizes the limitations in the quality of 

its data and is working to improve its processes. The certainty of confidence in all 

cancers for IARC European data is 99%; they do not offer a certainty of confidence 

for each individual cancer type (228). Costings for healthcare activities (except for 

pharmaceuticals) originate from national reference costs and/or peer-reviewed 

journals. Finally, the data for pharmaceutical expenditure on CRC are sourced and 

purchased from IQVIA, which is the sole provider of this information for the subject 

countries. When we compared our 2017 purchased IQVIA dataset (total oncology 

2015-2017) with a recently published paper by Vrdoljak et al., citing a 2015 IQVIA 

oncology dataset covering 17 of the European countries in our study, clear 

discrepancies exist (229). In our IQVIA dataset there is an overall 62% decrease in 

overall pharmaceutical expenditures across the mutually represented countries, with 

no concomitant shifts in other data, i.e. incidence and mortality (Range: 45% decrease 

in Austria, €646 mn to €357 mn; 77% decrease in Sweden, €819 mn to €187 mn). 

Therefore, there is high trust in all data utilised, with potential questions regarding the 

reported accuracy of pharmaceutical costs. 

Any cost-of-illness study is limited by the coverage of databases and the depth of 

public and private health information systems. In this study, the multitude of datasets 

used, and the quality thereof ensures the best capture of available information for the 

subject period of investigation. In the situations where extrapolations are necessary to 

mitigate missing information, data from countries of similar geo-cultural and 

economic bases are implemented, e.g., as there are no inpatient figures available from 

Eurostat for Estonia, statistics from a similarly situated and neighbouring Baltic nation, 

Latvia, are employed. Extrapolations based on geo-cultural and economic similarities, 

while providing the best available approximations, do not capture as completely the 

actual expenditures as those information systems which have the highest levels of 

ascertainment. The application of sensitivity analysis, purchasing power parity, and 
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internal validity checks of datasets assure that the results are of the highest quality for 

each country in the absence of a standardised collection process for each data set.  

3.5 Conclusion 

CRC is a major economic burden across Europe, particularly due to premature death, 

disability, and loss of productivity. There is substantial variation in overall spend 

across the EUR-33, which is not correlated with patient outcome, indicating that many 

countries need to understand why, despite increasing expenditures, outcomes remain 

poor.  There also remains a significant underspend in many EUR-33, which should be 

addressed. Expenditure on CRC targeted pharmaceuticals is rapidly escalating, not 

only in northern/western European countries, but also in CEE countries, despite in 

some cases a lack of evidence for their effectiveness in significantly improving CRC 

outcomes.    Our data reinforce the need for greater public policy focus around value 

and affordability, employing for example the ESMO Magnitude of Benefit Scale to 

ensure more measurable gains from systemic interventions in solid cancers (230).  Our 

analysis adds significant policy and public health intelligence for implementing value-

based CRC care and prioritising the distribution of public research funds to areas of 

recognised need, as articulated in the Critical Research Gaps Analysis in Colorectal 

Cancer, which was published recently in Gut (231). Crucially, we must ensure that 

spending on improving CRC outcomes is appropriate to the challenges that are relevant 

to particular countries/regions, thus ensuring tangible benefits for all European 

citizens, patients and society.
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4 Economic Burden of CRC, Supplementary Appendix 

4.1 Supplementary Methods 

 Health care utilization 

CRC healthcare assets included were; primary healthcare, outpatient care, accident 

and emergency (A&E) care, hospital care, and medications (Table 4-1). The 

methodology used to evaluate CRC-related healthcare resource use was dependent on 

the data. Aggregate activity and costing data were derived from global and national 

sources including World Health Organization (WHO), the Organization for Economic 

Co-operation and Development (OECD), the Statistical Office of the European 

Communities (Eurostat), national ministries of health, and national statistics institutes. 

Where no national reports were available, department heads at health institutes were 

contacted by email. Data were also accessed from peer-reviewed published studies or 

national reports from governmental/professional bodies.  

4.1.1.1 Primary care 

Primary care contacts include the number of consultations to or from GPs. Country-

specific total visits to primary care due to all conditions were obtained for all countries,  

(Supplementary references; except for Czech Republic, Denmark, Estonia, 

Luxembourg, Malta, and Slovakia, where the total healthcare expenditure on GP visits 

for all conditions were obtained (201, 209, 232-262). To the total number of primary 

care visits or costs, we applied the percentage of primary care that was ascribed to 

CRC, using the discharge proportion of CRC from the all diseases discharge total 

(201). 

The exact healthcare expenditure for the number of GP visits, outpatient, and hospital 

care for CRC was given for Latvia in a direct communication (Atis Martinsons at the 

National Health Service of Republic of Latvia, 7th Mar 2017). 

4.1.1.2 Outpatient care 

Outpatient care activities included specialist consultations and treatments taking place 

in outpatient wards, clinics, or patients’ homes. Country-specific overall visits to 

outpatient care due to all conditions were obtained for most (n=23) countries (201, 

209, 217, 233, 235, 239, 241, 242, 246, 247, 255, 263–286). Total expenditure on 

outpatient activity was available for Germany and Netherlands (271, 277). To the total 
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number of outpatient care visits or costs, we applied the percentage of care that was 

ascribed to CRC, using the discharge proportion of CRC from all diseases discharge 

total (201). In the case of Cyprus, Czech Republic, Estonia, Finland, Iceland, Norway, 

Slovakia, Slovenia, Spain, and Sweden, the number of outpatient visits to an 

oncologist were captured and the prevalence rate of CRC amongst all cancers was 

used to calculate CRC outpatient visits (250, 266, 267, 269, 270, 273, 278, 281, 283, 

284). For Denmark and the UK, CRC outpatient visits were directly stated (268, 286). 

4.1.1.3 Accident and Emergency care 

Emergency care consisted of all CRC-related hospital emergency visits. Country-

specific overall visits to A&E due to all diseases were obtained for 32 countries (201, 

209, 241, 244, 249, 287–299). To the total number of A&E visits, we applied the 

percentage of A&E care that was ascribed to CRC, using the discharge proportion of 

CRC from all diseases discharge total (201). Denmark was the notable exception 

where the number of A&E visits for CRC were directly reported (299). 

In 5 countries (Croatia, Lithuania, Luxembourg, Romania, and Serbia), attendance 

figures could not be obtained and A&E rates had to be derived from similar countries. 

Therefore, for: 1) Croatia and Serbia, we used estimates from Slovenia (300); 2) 

Lithuania, we used estimates from Estonia (287); 3) Luxembourg, we used estimates 

from Belgium (296); 4) Romania, we used estimates from Bulgaria (297). For all of 

the A&E visits to each country, we applied the percentage of care that was attributable 

to CRC. 

4.1.1.4 Hospital care 

With the exception of Estonia, national data were available on CRC-related days in 

hospital and day-cases. For all countries, this information was obtained from Eurostat 

(201, 202, 301). For Estonia, age- and gender-standardised rates of hospital bed-days 

and day cases due to CRC in Latvia were applied to Estonian population estimates in 

2015 (209). 
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Table 4-1 Sources employed to obtain healthcare resource use, by category and country. 

COUNTRY PRIMARY 

CARE 

OUTPATIENT 

CARE 

A&E 

CARE 

INPATIENT 

CARE 

AUSTRIA B(201,209,242) B(201,209,242) B(201,209,295) A*(201,202,301) 

BELGIUM B(201,209,253) B(201,209,263) B(201,209,296) A*(201,202,301) 

BULGARIA B(201,209,257) B(201,209,264) B(201,209,297) A*(201,202,301) 

CROATIA B(258) B(201,209,265) C(201,209) A*(201,202,301) 

CYPRUS B(201,209,259) A(266) B(201,209,298) A*(201,202,301) 

CZECH REP. B(201,209,260) A(267) B(201,209,296) A*(201,202,301) 

DENMARK B(201,209,261) A*(268) A*(299) A*(201,202,301) 

ESTONIA B(201,209,262) A(269) B(262,287) C(201,202,301) 

FINLAND B(201,209,232) A(270) B(201,209,288) A*(201,209,301) 

FRANCE B(201,209,233) B(201,209,233) B(201,209,296) A*(201,202,301) 

GERMANY B(201,209,234) A(271) B(201,209,296) A*(201,202,301) 

GREECE B(201,209,235) B(201,209,235) B(201,209,296) A*(201,202,301) 

HUNGARY B(201,209,236) B(201,209,272) B(201,209,289) A*(201,202,301) 

ICELAND B(201,209,237) A(273) B(201,209,290) A*(201,202,301) 

IRELAND B(201,209,238) B(201,209,274) B(201,209,296) A*(201,202,301) 

ITALY B(201,209,257) B(201,209,275) B(201,209,291) A*(201,202,301) 

LATVIA A*pc A*pc B(201,209,302) A*(201,202,301) 

LITHUANIA B(201,209,239) B(201,209,239) C(201,209) A*(201,202,301) 

LUXEMBOURG B(201,209,240) B(201,209,276) C(201,209) A*(201,202,301) 

MALTA B(201,209,241) B(201,209,241) B(201,209,241) A*(201,202,301) 

NETHERLANDS B(201,209,243) A*(277) B(201,209,296) A*(201,202,301) 

NORWAY B(201,209,244) A(278) B(201,209,244) A*(201,202,301) 

POLAND B(201,209,245) B(201,209,279) B(201,209,296) A*(201,202,301) 

PORTUGAL B(201,209,303) B(201,209,246) B(201,209,296) A*(201,202,301) 

ROMANIA B(201,209,247) B(201,209,247) C(201,209) A*(201,202,301) 

SERBIA B(248) B(248,280) C(201,209) A*(201,202,301) 

SLOVAKIA B(201,209,249) A(201,209,281) B(201,209,249) A*(201,202,301) 

SLOVENIA B(201,209,250) A(282) B(201,209,300) A*(201,202,301) 

SPAIN B(201,209,251) A(283) B(201,209,296) A*(201,202,301) 

SWEDEN B(201,209,252) A(284) B(201,209,292) A*(201,202,301) 

SWITZERLAND B(201,209,254) B(201,209,285) B(201,209,296) A*(201,202,301) 

TURKEY B(255) B(255) B(293) A*(201,202,301) 

UK B(201,209,256) A*(286) B(201,209,294) A*(201,202,301) 

Numbers refer to supplementary references, Pc – refers to personal communication 

Data are ranked into the following domains. 

A*. National CRC data: CRC-specific healthcare data are obtained for that country’s population; 

A. National cancer-specific data: Cancer-specific healthcare data are obtained for that country’s population; 

B. National data but not CRC-specific: All-cause healthcare resource use data are obtained, but not specifically related to CRC. 

CRC-specific resource use was determined by multiplying all-cause national data by the percentage of ambulatory visits due to 

CRC as a proportion of total ambulatory visits, if available. If CRC-related ambulatory information was  not available, the 

percentage of hospital discharges due to CRC was used as a proportion of all discharges, in order to assign that country’s 

healthcare utilisation;  

C. No national data: the country’s activity data are obtained for all diseases from similar countries and that data are assigned as 

CRC data for the particular country, using the approach defined in (B). 
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 Healthcare unit costs 

For all countries, health care resource use was evaluated using country-specific unit 

costs (Table 4-2).  

4.1.2.1 Primary care costs 

All costs for GP visits in 30 countries were stated directly; Denmark, Estonia, and 

Malta were notable exceptions, here the total healthcare expenditure for primary care 

was listed and we applied the percentage of primary care that was ascribed to CRC, 

using the discharge proportion of CRC from all diseases discharge total (241, 261, 

262, 304–329).  

4.1.2.2 Outpatient care costs 

All costs for outpatient visits in most (n=29) countries were stated directly (262, 271, 

277, 310, 311, 316, 317, 322, 325, 328, 330–348). Oncology budgets for outpatient 

care were available for the exceptions - Estonia, Finland, Germany, and Iceland, and 

the prevalence rate of CRC amongst all cancers was used to calculate CRC outpatient 

care costs (262, 271, 335).  For Slovakia, the total healthcare expenditure for outpatient 

care was listed and we applied the percentage of outpatient care that was ascribed to 

CRC, using the discharge proportion of CRC from all diseases discharge total (201, 

344).  

4.1.2.3 Accident & Emergency care costs 

All costs for A&E visits in 30 countries were stated directly, Bulgaria, the Czech 

Republic, and Romania were notable exceptions, here similar countries costs were 

used (201, 209, 262, 310, 315, 321, 326, 334, 339, 345, 349–361). For Estonia, the 

total healthcare expenditure for A&E care was listed, and we applied the percentage 

of A&E care that was ascribed to CRC, using the discharge proportion of CRC from 

all diseases discharge total (201, 262). The exact healthcare expenditure per A&E visit 

was given for Hungary (Zoltán Tóth at National Institute of Health Insurance Fund 

Management in Budapest) and Iceland (Margrét Rósa Kristjánsdóttir from the 

Icelandic Health Insurance) in direct communications. 

4.1.2.4 Hospital care costs 

For 28 countries, their hospital care costs were directly stated (207, 262, 301, 310, 

311, 317, 321, 334, 335, 338, 347, 355, 362–373); three countries communicated their 

costs directly - Austria (Dr. Ulrike Schermann-Judge at the Austrian Federal Ministry 
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of Health and Women), Latvia (Atis Mārtiņsons from the Latvian National Health 

Service), and Poland (Dr. Pawel Gorynski at the National Institute of Hygiene).  Two 

countries listed their oncology budgets for hospital cancer care; Estonia and Iceland, 

and the prevalence rate of CRC amongst all cancers was used to calculate CRC 

outpatient care costs (262, 335). 

All costs were expressed in local currency units (LCUs). Using 2015 as the target year, 

harmonised indices of consumer prices were used to balance inflation for hospital 

services in the euro area, the EU, the European Economic Area and for other countries 

including accession and candidate countries (374). 

 Medication expenditure 

Medication expenditure consisted of the sum of sales of chemotherapy and targeted 

therapy for CRC, identified by country of sale; these data were obtained from the 

IQVIA oncology database (208). For Denmark, Iceland, and the Netherlands, total 

expenditure on medications was obtained from the OECD, for Cyprus total 

expenditure on medications was obtained from EUROSTAT, and for Malta total 

expenditure on medication was obtained from a government report (207, 376, 377). 

The proportion of chemotherapy and targeted therapy for CRC medications was 

applied as follows: 

1) Greek estimates were used for Cyprus; 

2) German estimates were used for Denmark and the Netherlands; 

3) Swedish estimates were used for Iceland; 

4) Italian estimates were used for Malta. 
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Table 4-2 Sources used to obtain healthcare unit costs, by category and country. 

COUNTRY PRIMARY 

CARE 

OUTPATIENT 

CARE 

A&E 

CARE 

INPATIENT 

CARE 

AUSTRIA B(323) A(330) B(349) A*pc 

BELGIUM B(324) A(331) B(350) A(362) 

BULGARIA B(325) B(325) E C(207,301) 

CROATIA B(326) B(332) B(326) C(207,301) 

CYPRUS B(327) A(333) B(351) A(363) 

CZECH REP. B(328) B(328) E C(207,301) 

DENMARK C(261) A(334) A(334) A(334) 

ESTONIA C(262) B(262) C(262) B(262) 

FINLAND B(329) A(335) B(352) A(335) 

FRANCE B(304) A(336) B(353) A(364) 

GERMANY B(305) A(271) B(349) A(365) 

GREECE B(306) B(337) B(354) A*(366) 

HUNGARY B(307) A*(338) Bpc A*(338) 

ICELAND B(308) A(335) Bpc A(335) 

IRELAND B(309) A*(339) A*(339) A(367) 

ITALY A(310) A(310) A(310) A(310) 

LATVIA A*pc A*pc B(355) A*pc 

LITHUANIA B(375) A(311) B(349) A(311) 

LUXEMBOURG B(340) A(340) B(349) C(207,301) 

MALTA C(241) D(316) B(355) B(355) 

NETHERLANDS B(312) A*(277) A*(356) A*(368) 

NORWAY B(313) B(341) B(352) A*(369) 

POLAND B(314) A(342) B(357) A*pc 

PORTUGAL B(315) A(343) B(315) C(207,301) 

ROMANIA D(316) D(316) E C(207,301) 

SERBIA B(317) B(317) B(358) B(317) 

SLOVAKIA D(316) B(344) B(359) C(207,301) 

SLOVENIA D(316) D(316) B(355) A*(370) 

SPAIN B(318) A(345) A(345) A(371) 

SWEDEN B(319) A(346) B(352) A*(372) 

SWITZERLAND B(320) A*(347) C(201,209,360) A*(347) 

TURKEY B(321) B(348) B(321) B(321) 

UK A*(322) A*(322) A*(361) B(373) 

Numbers refer to supplementary references, Pc – refers to personal communication 

For all countries, health care resource use is determined using country-specific unit costs. 

Dependant on the availability of data, sources are qualified in order of priority: 

A*. CRC-specific expenditure data. 

A. Other cancer-specific expenditure data. 

B. Directly obtained from sources such as national fee schedules, national reports, published studies, etc;   

C. Acquired from national expenditure figures (e.g. primary care, outpatient care, emergency care, hospital care), using the 

respective total activity levels. For example, cost per inpatient day is estimated by dividing the total inpatient expenditure by 

the total number of inpatient days;  

D. Estimates derived costs and prices used in the WHO-CHOICE analysis;  

E. Derived from the predictions of linear regression analyses of the unit costs of countries with available data. 
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 Non-health care utilisation 

4.1.4.1 Prevalence 

Prevalence figures were used to calculate informal care and morbidity losses. Country-

specific data for actual prevalence of cancer and CRC were obtained for Bulgaria, 

Denmark, Finland, Iceland, Ireland, Latvia, Norway, Slovenia, Sweden, and 

Switzerland (378–383). German 10-year prevalence figures were obtained and 

extrapolated to actual prevalence for the German population in 2015 using English 

estimates (384, 385). The actual prevalence in England was extrapolated to cover all 

of the UK population (385). For the remaining 21 countries, 5-year prevalence 

estimates from IARC were used and extrapolated to actual prevalence for each country 

as follows (21): 

1) German estimates were used for Austria, France, Italy, and Luxembourg; 

2) Bulgarian estimates were used for the Czech Republic, Hungary, Poland, Romania, 

Slovakia, and Turkey; 

3) Danish estimates were used for Belgium and the Netherlands; 

4) Slovenian estimates were used for Croatia, Cyprus, Greece, Malta, Portugal, Serbia, 

and Spain; 

5) Latvian estimates were used for Estonia and Lithuania. 

4.1.4.2 Survival 

Country-specific data were obtained for CRC survival rates, based on an aggregate 

from CONCORD-3’s colon and rectal 5-year net survival rates (111). 

 

1. 𝐶𝑜𝑙𝑜𝑛 𝑝𝑎𝑡𝑖𝑒𝑛𝑡𝑠 (2010) × 𝐶𝑜𝑙𝑜𝑛 𝑠𝑢𝑟𝑣𝑖𝑣𝑎𝑙 𝑟𝑎𝑡𝑒 = 𝐶𝑜𝑙𝑜𝑛 𝑝𝑎𝑡𝑖𝑒𝑛𝑡𝑠 (2014) 

2. 𝑅𝑒𝑐𝑡𝑎𝑙 𝑝𝑎𝑡𝑖𝑒𝑛𝑡𝑠 (2010) × 𝑅𝑒𝑐𝑡𝑎𝑙 𝑠𝑢𝑟𝑣𝑖𝑣𝑎𝑙 𝑟𝑎𝑡𝑒 =
𝑅𝑒𝑐𝑡𝑎𝑙 𝑝𝑎𝑡𝑖𝑒𝑛𝑡𝑠 (2014) 

(𝐶𝑜𝑙𝑜𝑛 𝑝𝑎𝑡𝑖𝑒𝑛𝑡𝑠 (2014) + 𝑅𝑒𝑐𝑡𝑎𝑙 𝑝𝑎𝑡𝑖𝑒𝑛𝑡𝑠 (2014))

(𝐶𝑜𝑙𝑜𝑛 𝑝𝑎𝑡𝑖𝑒𝑛𝑡𝑠 (2010) + 𝑅𝑒𝑐𝑡𝑎𝑙 𝑝𝑎𝑡𝑖𝑒𝑛𝑡𝑠 (2010))
= 𝐶𝑅𝐶 𝑠𝑢𝑟𝑣𝑖𝑣𝑎𝑙 𝑟𝑎𝑡𝑒 

Greece, Hungary, Luxembourg, and Serbia did not have survival rates published, so 

estimates from similar countries were used as follows: 

1) Belgium estimates were used for Luxembourg; 

2) Czech Republic estimates were used for Hungary; 

3) Italian estimates were used for Greece; 
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4) Croatian estimates were used for Serbia. 

4.1.4.3 Mathematical proofs for survival calculations: 

Annuity formula assumes stream of payments from next year  

 

𝑃𝑉 =
𝑋

1 + 𝑖
+

𝑋

(1 + 𝑖)2
+ ⋯

𝑋

(1 + 𝑖)𝑛
= 𝑋 (

1

𝑖
−

1

𝑖(1 + 𝑖)𝑛
) 

 

Amending this for survival  

 

𝑙𝑒𝑡 𝑎 =
𝜑𝑋

1 + 𝑖
+

𝜑2𝑋

(1 + 𝑖)2 +
+ ⋯ 

=>   
𝜑

1 + 𝑖
𝑎 =

𝜑2𝑋

(1 + 𝑖)2 +
+ ⋯ 

=>   𝑎 (1 −
𝜑

1 + 𝑖
) =

𝜑𝑋

1 + 𝑖
 

=>   𝑎 (
𝑖 + 𝛿

1 + 𝑖
) =

𝜑𝑋

1 + 𝑖
 

=>   𝑎 =
𝜑𝑋

𝑖 + 𝛿
 

 

𝑃𝑉 =
𝜑𝑋

1 + 𝑖
+

𝜑2𝑋

(1 + 𝑖)2 +
+ ⋯

𝜑𝑛𝑋

(1 + 𝑖)𝑛
 

=
𝜑𝑋

𝑖 + 𝛿
−

𝜑𝑛

(1 + 𝑖)𝑛

𝜑𝑋

𝑖 + 𝛿
 

= 𝜑𝑋 (
1

𝑖 + 𝛿
−

𝜑𝑛

(𝑖 + 𝛿)(1 + 𝑖)𝑛
) 

 

Where:PV = Present Value 

X = Annual earnings lost 

i = discount rate 

n = years lost 

φ = 1 – δ = survival rate 

4.1.4.4 High Resolution Hospital Care Data 

Data were ranked (in order from highest to lowest per country) for: CRC hospital care 

costs as a proportion of CRC healthcare expenditure; CRC pharmaceutical costs as a 

proportion of CRC healthcare expenditure; CRC healthcare costs as a proportion of 

total healthcare expenditure; CRC 5-year net survival, number of oncologists, number 

of computer tomography (CT) scans performed, number of CT scanners, numbers of 
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radiotherapy equipment, number of radiologists, number of surgical oncologists 

(personal communication, Nancy Anderson at European Society of Surgical 

Oncology), and number of laparoscopic colectomies performed (111, 386–389). 

4.1.4.5 Informal care  

We were cautious in our selection of patients who would potentially receive informal 

care, either those severely limited in daily activities, or those who were terminally ill. 

Prevalence figures for all cancer patients were calculated as detailed above and 

employed, along with data from the SHARE to evaluate the informal care needs of 

CRC patients (Table 4-3.) (211). Therefore, we estimated the hours of informal care 

provided due to CRC using Wave 6 of the SHARE survey which collected data on 

more than 60,000 individuals resident in 17 European countries in 2015 (Austria, 

Belgium, Croatia, Czech Republic, Denmark, Estonia, France, Germany, Greece, 

Italy, Luxembourg, Poland, Portugal, Spain, Sweden, Switzerland and Slovenia). For 

those countries who were not in SHARE, data were combined from similar countries 

that were in SHARE to obtain estimates for the 14 remaining countries. Therefore, for: 

1) Bulgaria, Hungary, Latvia, Lithuania, Romania, Serbia, Slovakia, and Turkey, data 

were pooled from the Czech Republic, Estonia, Slovenia and Poland; 2) For Finland, 

Iceland and Norway, data were pooled from Denmark and Sweden; 3) for Cyprus and 

Malta, data were pooled from Greece, Italy, Portugal and Spain and 4) for 

Luxembourg, Ireland and the UK, data were pooled from Austria, Belgium, France, 

Germany and the Netherlands.  



 

 

9
3
 

C
h

a
p

te
r
 4

                                            E
c
o
n

o
m

ic
 B

u
r
d

e
n

 o
f C

R
C

, S
u

p
p

le
m

e
n

ta
l 

 

Table 4-3 Data used to calculate CRC informal care hours in 2015 for 33 European countries. 

Calculations from Stataa based on SHARE Wave 6 data Hours of care provided, based on CRC prevalence and probability of CRC patient receiving care 

Severely 

Limited 

Help Time Hours Margi. Eff. Hours Country Cancer 

prevalence 

Probability 

of limited 

by cancerb 

Probability 

of receiving 

care 

CRC 

proportion 

of cancer 

Severely 

Limited 

(hrs) 

CRC 

deaths 

(2014) 

Terminally 

Ill (hrs) 

Total  

Informal 

Care (hrs) 

Hrs  

provided by 

under 65sc 

Caregiver 1 daily 1840 0.0619217 113.936 Austria 388,376 0.0760 0.0366 0.1223 52,424 2,178 2,078,876 2,131,300 1,586,211 
 

weekly 368 0.0306724 11.2874 Belgium 508,880 0.0971 0.0486 0.1325 126,091 2,811 2,683,067 2,809,159 2,090,704 
 

monthly 96 -0.0084414 -0.8104 Bulgaria 264,739 0.1002 0.0489 0.1544 79,462 2,561 2,444,445 2,523,908 1,878,407 
 

annually 8 -0.0841526 -0.6732 Croatia 201,408 0.1521 0.0645 0.1490 116,699 2,103 2,007,289 2,123,989 1,580,769 
 

Total 
  

123.74 Cyprus 40,374 0.1119 0.0401 0.1223 8,778 106 101,176 109,954 81,833 

Caregiver 2 daily 1840 0.0461476 84.9116 Czech Rep. 387,367 0.0968 0.0472 0.1395 97,802 3,551 3,389,389 3,487,191 2,595,327 
 

weekly 368 0.0411464 15.1419 Denmark 299,108 0.0988 0.0411 0.1356 65,296 1,786 1,704,717 1,770,013 1,317,324 
 

monthly 96 -0.0098951 -0.9499 Estonia 49,681 0.0823 0.0467 0.1227 9,272 455 434,292 443,565 330,121 
 

annually 8 -0.0773989 -0.6192 Finland 259,102 0.1070 0.0442 0.1022 49,609 1,230 1,174,021 1,223,629 910,681 
 

Total 
  

98.4843 France 3,010,915 0.1095 0.0450 0.1190 699,671 17,237 16,452,519 17,152,190 12,765,441 

Caregiver 3 daily 1840 0.0662465 121.894 Germany 3,677,028 0.1297 0.0591 0.1321 1,476,435 25,573 24,409,136 25,885,571 19,265,221 
 

weekly 368 0.082579 30.3891 Greece 517,569 0.1187 0.0302 0.1078 79,154 2,750 2,624,844 2,703,998 2,012,438 
 

monthly 96 -0.0041456 -0.398 Hungary 362,272 0.1002 0.0489 0.1762 124,134 5,050 4,820,167 4,944,301 3,679,774 
 

annually 8 -0.14468 -1.1574 Iceland 13,799 0.1070 0.0442 0.1032 2,669 76 72,541 75,210 55,975 
 

Total 
  

150.727 Ireland 139,526 0.1031 0.0473 0.1222 32,966 987 942,080 975,046 725,674 
 

Grand 

Total 

  
396.361 Italy 2,897,944 0.1019 0.0370 0.1380 597,697 18,671 17,821,256 18,418,952 13,708,223 
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     Country Cancer 

prevalence 

Probability 

of limited 

by cancerb 

Probability 

of receiving 

care 

CRC 

proportion 

of cancer 

Severely 

Limited 

(hrs) 

CRC 

deaths 

(2014) 

Terminally 

Ill (hrs) 

Total  

Informal 

Care (hrs) 

Hrs  

provided by 

under 65sc 

Terminally Ill 
    

Latvia 75,042 0.1002 0.0489 0.1086 15,841 690 658,597 674,439 501,948 

Help Time Hours Marg. Eff. Hours 
 

Lithuania 110,376 0.1002 0.0489 0.1037 22,259 925 882,902 905,161 673,662 

Under a month 153.336 0.0876494 13.4398084 
 

Luxembourg 25,494 0.1348 0.0619 0.1273 10,736 109 104,039 114,776 85,421 

1 to 3 months 306.672 0.1513944 46.42842344 
 

Malta 20,466 0.1119 0.0401 0.1450 5,277 106 101,176 106,453 79,227 

3 to 6 months 690.012 0.1972112 136.0780945 
 

Netherlands 765,349 0.1031 0.0473 0.1508 223,188 4,972 4,745,717 4,968,905 3,698,085 

6 to 11 months 1303.356 0.187251 244.0547144 
 

Norway 250,832 0.1070 0.0442 0.1409 66,231 1,566 1,494,729 1,560,960 1,161,737 

1 year 1840 0.376494 692.74896 
 

Poland 1,397,014 0.0736 0.0347 0.1275 180,501 11,421 10,901,214 11,081,715 8,247,517 

Total 
  

1132.750001 
 

Portugal 494,537 0.1417 0.0595 0.1461 241,381 3,808 3,634,692 3,876,073 2,884,750 
     

Romania 730,407 0.1002 0.0489 0.1355 192,381 5,862 5,595,212 5,787,593 4,307,390 

Probability of providing unpaid care  
  

Serbia 339,122 0.0878 0.0468 0.1413 78,063 2,595 2,476,898 2,554,961 1,901,518 

to terminally ill cancer patient = 84% 
 

Slovakia 199,278 0.1002 0.0489 0.1672 64,777 1,992 1,901,341 1,966,118 1,463,274 

Probability of receiving unpaid care 
  

Slovenia 98,331 0.0965 0.0516 0.1376 26,683 741 707,276 733,959 546,246 

if patient has CRC = 
 

74% 
 

Spain 2,214,111 0.0852 0.0338 0.1053 265,841 15,476 14,771,665 15,037,505 11,191,596 
     

Sweden 495,420 0.1152 0.0473 0.1236 132,083 2,781 2,654,433 2,786,516 2,073,852 
     

Switzerland 316,500 0.0691 0.0321 0.1166 32,444 1,762 1,681,809 1,714,252 1,275,825 
     

Turkey 3,703,530 0.0878 0.0468 0.0837 505,145 6,823 6,512,475 7,017,620 5,222,833 
     

UK 2,128,923 0.1031 0.0473 0.1258 517,813 16,277 15,536,210 16,054,023 11,948,135 

a- Stata software v.14.2 (StataCorp, College Station, TX, USA); b - Probability of being limited by cancer, and thus requiring informal care; c- hours provided by caregivers under the age of 65, and 

subsequently valued with hourly wages. 

Severely limited (hrs) = Total hrs x No. of cancer patients x Probability of being limited x Probability of receiving care x CRC proportion 

Terminally ill (hrs) = Total hrs x CRC deaths x Probability of providing care to terminally ill 
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4.1.4.5.1 Informal care for patients severely limited in daily activities due to CRC 

Hours of informal care for severely limited cancer patients were estimated by 

multiplying number of cancer cases, by the probability of being severely limited with 

cancer, by the probability of receiving care with cancer, by the fraction of CRC 

patients amongst all cancer patients. 

1) Prevalence of cancer in the population was calculated as detailed in section 4.1.4.1.  

2) Probability of being severely limited in daily activities due to cancer. 

SHARE data were used to undertake logistic regressions, calibrating for presence of 

cancer, presence of other health conditions and country of residence, to determine 

country-specific estimates of the probability of being severely limited in daily 

activities due to cancer.  

3) Probability of receiving informal care due to cancer. 

SHARE data were used to perform two logistic regressions (one for internal household 

caregiving and one for external household caregiving), to assess the probability that 

cancer patients received informal care, after calibrating for presence of cancer, 

presence of other health conditions, and country of residence. 

4) Hours of informal care received due to cancer. 

SHARE data were used to perform an ordered logistic regression (OLR) to evaluate 

the amount of informal care time from caregivers (approximately per day, per week, 

per month or less often) that cancer patients received, after calibrating for presence of 

cancer, limitations in daily living, presence of other health conditions, and country of 

residence. Using information from SHARE, data from the OLR was converted into 

unpaid care hours (either daily, weekly, monthly or annually) that patients with cancer 

received. Informal care hours were then transformed to CRC-specific care hours by 

multiplying by CRC prevalence rate amongst all cancers. 

4.1.4.5.2 Informal care to terminally ill patients with CRC. 

Hours of informal care for terminally ill CRC patients were estimated by multiplying 

the products of: 

1) Number of CRC deaths, derived from Eurostat (114). 

2) Probability of receiving informal care in the year before dying from cancer.  
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The end-of-life questionnaire from SHARE was used, participants were asked whether 

they had provided unpaid care for anyone who had passed away in the last year. 

Information provided included indicating the age of the person to whom care was 

provided and any health conditions from which that person was suffering. The 

probability of providing informal care for a cancer patient was estimated using a 

logistic regression analysis and calibrating for country. 

3) Hours of informal care received due to cancer. 

Data from the end-of-life questionnaire was used in SHARE; we performed an OLR 

to assess the amount of informal care time (about daily, about weekly, about monthly 

or less often) that caregivers provided to a terminally-ill cancer patient after calibrating 

for presence of cancer, and country of residence. These were transformed into informal 

care hours, using the information from SHARE on the number of unpaid care hours 

(either daily, weekly, monthly or annually) that caregivers provided to cancer patients. 

Informal care hours were then transformed to CRC-specific care hours by multiplying 

by CRC prevalence rate amongst all cancers. 

4.1.4.5.3 Valuing informal care hours 

SHARE participants were asked about the relationship between person being cared for 

and caregiver (e.g. spouse, sibling, offspring, parent, friend etc.). Spouses, siblings 

and friends providing the care were inferred to be of similar age to the patient, 

therefore carers of patients aged 65 years or more were reasoned to be retired and those 

carers of patients aged less than 65 years were reasoned to be of working age. The 

probability of receiving informal care for a CRC patient was estimated using logistic 

regression, calibrating for relationship status and age. If the caregiver was the patients’ 

children or their children’s spouses, then it was assumed that these informal carers 

would be under 65 years of age. Using gender-specific economic activity and 

unemployment rates for each country, we then estimated the percentage of these carers 

who were employed or unemployed/economically inactive. 

Caregivers of working age, economically active, and in employment, had their mean 

net hourly wage rate applied to informal care hours. Yearly earnings were calibrated 

to hourly wage rates, surmising that there were 230 working days each year and each 

day comprised of 8 hours of work. For caregivers in retirement, unemployed or 

economically inactive, the national hourly minimum wage was applied (390). For 
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countries with no official minimum wage rate (Austria, Cyprus, Denmark, Finland, 

Iceland, Italy, Norway, Sweden, and Switzerland), the lowest paid sector in the 

economy was used as a surrogate for the minimum wage (391–399).  

4.1.4.6 Mortality losses 

We surmised that working age began at 15. Eurostat provided age and gender specific 

deaths for CRC in all countries (114). Prospective working years lost for the human 

capital approach (HCA) were determined as the difference between the age at death 

and maximum age of retirement (set at 65 years of age). The number of working years 

lost was then multiplied by gender-specific average yearly earnings transformed into 

mean daily earnings (400). As not everyone will be active economically (i.e. either 

working or actively searching for work) or employed, we had to avoid overestimation 

of the working years lost. Therefore, age- and gender-specific employment and 

activity rates were obtained from Eurostat, for each of the 33 countries and applied to 

the prospective lost earnings due to premature mortality (401).  

𝐴𝑛𝑛𝑢𝑎𝑙 𝑒𝑎𝑟𝑛𝑖𝑛𝑔𝑠 𝑙𝑜𝑠𝑡 (𝐶𝑅𝐶 𝑑𝑒𝑎𝑡ℎ)

= 230 𝑑𝑎𝑦𝑠 × 𝐷𝑎𝑖𝑙𝑦 𝑤𝑎𝑔𝑒 × 𝐸𝑚𝑝𝑙𝑜𝑦𝑚𝑒𝑛𝑡 𝑟𝑎𝑡𝑒 = 𝑋 

Potential future earnings were estimated by using 3.5% and 10% discount rates, with 

the following formula (400): 

𝑇𝑜𝑡𝑎𝑙 𝑒𝑎𝑟𝑛𝑖𝑛𝑔𝑠 𝑙𝑜𝑠𝑡 (𝐻𝐶𝐴)  = 𝑋 (
1

𝑖
−

1

𝑖(1 + 𝑖)𝑛
) 

𝑑𝑖𝑠𝑐𝑜𝑢𝑛𝑡 𝑟𝑎𝑡𝑒 = 𝑖 

𝑦𝑒𝑎𝑟𝑠 𝑙𝑜𝑠𝑡 = 𝑛 

∑(𝑇𝑜𝑡𝑎𝑙     𝑒𝑎𝑟𝑛𝑖𝑛𝑔𝑠 𝑙𝑜𝑠𝑡 + 𝑇𝑜𝑡𝑎𝑙    𝑒𝑎𝑟𝑛𝑖𝑛𝑔𝑠 𝑙𝑜𝑠𝑡)

33

𝑖=1

= 𝑇𝑜𝑡𝑎𝑙 𝑚𝑜𝑟𝑡𝑎𝑙𝑡𝑦 𝑙𝑜𝑠𝑠𝑒𝑠 (𝐻𝐶𝐴) 

4.1.4.7 Morbidity losses 

Absence of work due to CRC is associated with productivity losses due to morbidity. 

Morbidity losses would occur when: individuals take absence from leave for a defined 

period of time or when individuals are declared incapacitated or disabled due to CRC, 
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therefore leaving the labour market. Table 4-4 describes all the sources used to obtain 

temporary and permanent absence from work due to CRC.  

Temporary absence from work due to sickness 

Total sick days were reported for 31 countries, Cyprus and Iceland were the 

exceptions, for these countries we used Greece and Denmark sick days as surrogates, 

based on Cyprus and Iceland’s population estimates respectively (236, 252, 258, 261, 

280, 364, 402–436). The number of sick days due to cancer were either reported 

directly or derived from permanent absence due to cancer. The number of cancer sick 

days was then multiplied by the CRC proportion of hospital bed days (301). 

For countries where we could not establish the proportion of sickness leave 

attributable to cancer, we used proportions from other countries. Therefore, for:  

1) Denmark, estimates were used from Sweden (252); 

2) Bulgaria, Estonia, Hungary, Latvia, Lithuania, Romania, Serbia, and Turkey, 

estimates were used from Poland (422); 

3) Cyprus, Greece and Portugal, estimates were used from Spain (427); 

4) Ireland and the UK, estimates were used from the France (408); 

5) Malta, Croatia and Slovenia, estimates were used from Italy (413); 

6) Slovakia, estimates were used from the Czech Republic (402); 

7) Switzerland, estimates were used from Germany (410). 

For all countries, the proportion of cancer-specific absent days from work due to CRC 

was obtained by assuming that this would be the same as the percentage of 

countrywide days in hospital due to the CRC in the working age population. We 

postulated that the higher the number of days spent in hospital, the higher the number 

of working days that would be lost due to illness. Therefore, the number of CRC sick 

days were calculated using the formulae: 

1. 𝐶𝑅𝐶 𝑠𝑖𝑐𝑘 𝑑𝑎𝑦𝑠 = 𝐶𝑎𝑛𝑐𝑒𝑟 𝑠𝑖𝑐𝑘 𝑑𝑎𝑦𝑠 ×
𝐶𝑅𝐶 𝑖𝑛𝑝𝑎𝑡𝑖𝑒𝑛𝑡 𝑑𝑎𝑦𝑠

𝐶𝑎𝑛𝑐𝑒𝑟 𝑖𝑛𝑝𝑎𝑡𝑖𝑒𝑛𝑡 𝑑𝑎𝑦𝑠
 

2. 𝐶𝑅𝐶 𝑠𝑖𝑐𝑘 𝑑𝑎𝑦𝑠 × 𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑑𝑎𝑖𝑙𝑦 𝑤𝑎𝑔𝑒 = 𝑒𝑎𝑟𝑛𝑖𝑛𝑔𝑠 𝑙𝑜𝑠𝑡 

3. ∑ (𝑇𝑜𝑡𝑎𝑙 𝑒𝑎𝑟𝑛𝑖𝑛𝑔𝑠 𝑙𝑜𝑠𝑡) = 𝑇𝑜𝑡𝑎𝑙 𝑡𝑒𝑚𝑝𝑜𝑟𝑎𝑟𝑦 𝑚𝑜𝑟𝑏𝑖𝑑𝑖𝑡𝑦 𝑙𝑜𝑠𝑠𝑒𝑠 33
𝑖=1  
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Table 4-4 Sources used to obtain morbidity losses, by country. 

Country Temporary absence from work Permanent absence from work 

Austria (433) (217) 

Belgium (434) (217,434) 

Bulgaria (435) (217) 

Croatia (258) (217) 

Cyprus  (436) (217) 

Czech Rep. (402) (217) 

Denmark (403) (217) 

Estonia (404) (217) 

Finland (405,406) (217,437) 

France  (407,408) (217,438) 

Germany (409,410) (217,439) 

Greece (436) (217) 

Hungary (236) (217) 

Iceland (261) (217,440,441) 

Ireland (411) (217) 

Italy (412,413) (217,442) 

Latvia (414) (217) 

Lithuania (415) (217) 

Luxembourg (416) (217) 

Malta (364) (217) 

Netherlands (417,418) (217) 

Norway (419,420) (217) 

Poland  (421,422) (217) 

Portugal (423) (217) 

Romania (424) (217) 

Serbia (280) (217) 

Slovakia (425) (217) 

Slovenia (426) (217) 

Spain (427) (217) 

Sweden (252,429) (217) 

Switzerland (428) (217) 

Turkey (430) (217) 

UK (431,432) (217) 

Numbers refer to references 

 

Permanent absence from work due to incapacity or disability 

Eurostat provided country-specific information on the numbers of working-age 

individuals receiving incapacity or disability benefits and not being able to work (217). 

To this, we applied the percentage that was allotted to cancer (402, 416, 418, 420, 422, 

427, 429, 433). 

For Austria, the Czech Republic, Luxembourg, the Netherlands, Norway, Poland, 

Spain, and Sweden, we used the percentage of overall temporary absence from work 

due to cancer. 
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Potential working years lost to permanent disability for HCA were determined as the 

difference between the age at death and maximum age of retirement (set at 65 years 

of age). Where we could not establish the percentage of permanent absence from work 

due to incapacity or disability attributable to cancer, percentages from other countries 

were used by the same methodology to estimate temporary absence from work due to 

sickness. As with temporary absence from work, for all countries the percentage of 

cancer-specific permanent absence from work due to CRC was obtained by presuming 

that this would be the same as the percentage of overall days in hospital due to the 

condition in the working age population. We postulated that the higher the number of 

days spent in hospital, the higher the number of working days that would be lost due 

to permanent absence due to illness. 

Permanent absence was calculated applying CRC prevalence and discounting at 0%, 

3.5%, and 10% using the human capital approach. 

𝐴𝑛𝑛𝑢𝑎𝑙 𝑒𝑎𝑟𝑛𝑖𝑛𝑔𝑠 𝑙𝑜𝑠𝑡 (𝐶𝑅𝐶 𝑑𝑖𝑠𝑎𝑏𝑙𝑒𝑚𝑒𝑛𝑡)

= 230 𝑑𝑎𝑦𝑠 × 𝐷𝑎𝑖𝑙𝑦 𝑤𝑎𝑔𝑒 × 𝐸𝑚𝑝𝑙𝑜𝑦𝑚𝑒𝑛𝑡 𝑟𝑎𝑡𝑒 = 𝑌 

𝑃𝑒𝑟𝑚𝑎𝑛𝑒𝑛𝑡 𝑒𝑎𝑟𝑛𝑖𝑛𝑔𝑠 𝑙𝑜𝑠𝑡 = 𝜑𝑌 (
1

𝑖 + 𝛿
−

𝜑𝑛

(𝑖 + 𝛿)(1 + 𝑖)𝑛
) 

 

𝑆𝑢𝑟𝑣𝑖𝑣𝑎𝑙 𝑟𝑎𝑡𝑒 =  𝜑 = 1 − 𝛿 

∑(𝑃𝑒𝑟𝑚𝑎𝑛𝑒𝑛𝑡 𝑚𝑜𝑟𝑏𝑖𝑑𝑖𝑡𝑦 𝑙𝑜𝑠𝑠𝑒𝑠 + 𝑇𝑒𝑚𝑝𝑜𝑟𝑎𝑟𝑦 𝑚𝑜𝑟𝑏𝑖𝑑𝑖𝑡𝑦 𝑙𝑜𝑠𝑠𝑒𝑠)

33

𝑖=1

= 𝑇𝑜𝑡𝑎𝑙 𝑚𝑜𝑟𝑏𝑖𝑑𝑖𝑡𝑦 𝑙𝑜𝑠𝑠𝑒𝑠 
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4.2 Supplementary Figures 

 

Figure 4-1 Tornado plot of results of sensitivity analysis on total costs of CRC in EUR-33, € billions, 2015. 

The total costs of CRC in the EUR-33 are represented on the horizontal axis. Categories (i.e. horizontal bars) are changed by +20% (or discounting parameter 

varied by 0%, 3.5%, and 10%) and are indicated on the vertical axis. Blue bars represent reductions (i.e. 20% reduction in costs or 10% discounting from 

base-case) and red bars represent increases (i.e. 20% increase in costs or 0% discounting from base-case) in total costs of CRC associated with the value of 

each category or parameter being changed. The labels represent the upper and lower boundaries of total costs of CRC for a given category or parameter. The 

vertical line cutting through the horizontal bars represents the base-case total costs of CRC (€21.9 billion).  

 



 

 

1
0
2

 

C
h

a
p

te
r
 4

                                            E
c
o
n

o
m

ic
 B

u
r
d

e
n

 o
f C

R
C

, S
u

p
p

le
m

e
n

ta
l 

 

Figure 4-2 Healthcare costs of CRC per capita in EUR-33 in 2015, by healthcare service category. 

(A) Cost data not adjusted by PPP (B) Cost data adjusted by PPP 

 



 

 

1
0
3

 

C
h

a
p

te
r
 4

                                            E
c
o
n

o
m

ic
 B

u
r
d

e
n

 o
f C

R
C

, S
u

p
p

le
m

e
n

ta
l 

 

Figure 4-3 Healthcare costs of CRC per prevalent case in EUR-33 in 2015, by healthcare service category. 

(A) Cost data not adjusted by PPP (B) Cost data adjusted by PPP 
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Figure 4-4 CRC costs per capita (€) versus GDP (443) per capita (€), PPP adjusted for hospital services (206). 

Size of bubble represents number of CRC cases. 

AT Austria; BE Belgium; BG Bulgaria; CH Switzerland; CY Cyprus; CZ Czech Republic; DE Germany; DK Denmark; EE Estonia; EL Greece; ES Spain; 

FI Finland; FR France; HR Croatia; HU Hungary; IE Ireland; IS Iceland; IT Italy; LU Luxembourg; LT Lithuania; LV Latvia; MT Malta; NL the Netherlands; 

NO Norway; PL Poland; PT Portugal; RO Romania; RS Serbia;  SE Sweden; SI Slovenia; SK Slovakia; TR Turkey; UK United Kingdom.  
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Figure 4-5 CRC costs per case (€) versus GDP per capita (€), PPP adjusted. 

AT Austria; BE Belgium; BG Bulgaria; CH Switzerland; CY Cyprus; CZ Czech Republic; DE Germany; DK Denmark; EE Estonia; EL Greece; ES Spain; 

FI Finland; FR France; HR Croatia; HU Hungary; IE Ireland; IS Iceland; IT Italy; LU Luxembourg; LT Lithuania; LV Latvia; MT Malta; NL the Netherlands; 

NO Norway; PL Poland; PT Portugal; RO Romania; RS Serbia;  SE Sweden; SI Slovenia; SK Slovakia; TR Turkey; UK United Kingdom.  
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Figure 4-6 CRC costs per capita (€) (PPP adjusted) versus DALYs per 1,000 (444). 

AT Austria; BE Belgium; BG Bulgaria; CH Switzerland; CY Cyprus; CZ Czech Republic; DE Germany; DK Denmark; EE Estonia; EL Greece; ES Spain; 

FI Finland; FR France; HR Croatia; HU Hungary; IE Ireland; IS Iceland; IT Italy; LU Luxembourg; LT Lithuania; LV Latvia; MT Malta; NL the Netherlands; 

NO Norway; PL Poland; PT Portugal; RO Romania; RS Serbia;  SE Sweden; SI Slovenia; SK Slovakia; TR Turkey; UK United Kingdom. 
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Figure 4-7 CRC costs per case (€) (PPP adjusted) versus DALYs per 1,000. 

AT Austria; BE Belgium; BG Bulgaria; CH Switzerland; CY Cyprus; CZ Czech Republic; DE Germany; DK Denmark; EE Estonia; EL Greece; ES Spain; 

FI Finland; FR France; HR Croatia; HU Hungary; IE Ireland; IS Iceland; IT Italy; LU Luxembourg; LT Lithuania; LV Latvia; MT Malta; NL the Netherlands; 

NO Norway; PL Poland; PT Portugal; RO Romania; RS Serbia;  SE Sweden; SI Slovenia; SK Slovakia; TR Turkey; UK United Kingdom. 
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Figure 4-8 CRC costs per capita (€) (PPP adjusted) versus CRC incidence (per 1,000) (228). 

AT Austria; BE Belgium; BG Bulgaria; CH Switzerland; CY Cyprus; CZ Czech Republic; DE Germany; DK Denmark; EE Estonia; EL Greece; ES Spain; 

FI Finland; FR France; HR Croatia; HU Hungary; IE Ireland; IS Iceland; IT Italy; LU Luxembourg; LT Lithuania; LV Latvia; MT Malta; NL the Netherlands; 

NO Norway; PL Poland; PT Portugal; RO Romania; RS Serbia;  SE Sweden; SI Slovenia; SK Slovakia; TR Turkey; UK United Kingdom. 
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Figure 4-9 CRC costs per capita (€) (PPP adjusted) versus CRC prevalence (per 1,000). 

AT Austria; BE Belgium; BG Bulgaria; CH Switzerland; CY Cyprus; CZ Czech Republic; DE Germany; DK Denmark; EE Estonia; EL Greece; ES Spain; 

FI Finland; FR France; HR Croatia; HU Hungary; IE Ireland; IS Iceland; IT Italy; LU Luxembourg; LT Lithuania; LV Latvia; MT Malta; NL the Netherlands; 

NO Norway; PL Poland; PT Portugal; RO Romania; RS Serbia;  SE Sweden; SI Slovenia; SK Slovakia; TR Turkey; UK United Kingdom. 
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Figure 4-10 CRC costs per case (€) (PPP adjusted) versus CRC prevalence (per 1,000). 

AT Austria; BE Belgium; BG Bulgaria; CH Switzerland; CY Cyprus; CZ Czech Republic; DE Germany; DK Denmark; EE Estonia; EL Greece; ES Spain; 

FI Finland; FR France; HR Croatia; HU Hungary; IE Ireland; IS Iceland; IT Italy; LU Luxembourg; LT Lithuania; LV Latvia; MT Malta; NL the Netherlands; 

NO Norway; PL Poland; PT Portugal; RO Romania; RS Serbia;  SE Sweden; SI Slovenia; SK Slovakia; TR Turkey; UK United Kingdom. 
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Figure 4-11 CRC costs per capita (€) (PPP adjusted) versus CRC mortality (114) (per 1,000). 

AT Austria; BE Belgium; BG Bulgaria; CH Switzerland; CY Cyprus; CZ Czech Republic; DE Germany; DK Denmark; EE Estonia; EL Greece; ES Spain; 

FI Finland; FR France; HR Croatia; HU Hungary; IE Ireland; IS Iceland; IT Italy; LU Luxembourg; LT Lithuania; LV Latvia; MT Malta; NL the Netherlands; 

NO Norway; PL Poland; PT Portugal; RO Romania; RS Serbia;  SE Sweden; SI Slovenia; SK Slovakia; TR Turkey; UK United Kingdom. 
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Figure 4-12 CRC costs per case (€) (PPP adjusted) versus CRC mortality (per 1,000). 

AT Austria; BE Belgium; BG Bulgaria; CH Switzerland; CY Cyprus; CZ Czech Republic; DE Germany; DK Denmark; EE Estonia; EL Greece; ES Spain; 

FI Finland; FR France; HR Croatia; HU Hungary; IE Ireland; IS Iceland; IT Italy; LU Luxembourg; LT Lithuania; LV Latvia; MT Malta; NL the Netherlands; 

NO Norway; PL Poland; PT Portugal; RO Romania; RS Serbia;  SE Sweden; SI Slovenia; SK Slovakia; TR Turkey; UK United Kingdom. 
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Figure 4-13 CRC costs per capita (€) (PPP adjusted) versus 5-year net survival for CRC (111). 

AT Austria; BE Belgium; BG Bulgaria; CH Switzerland; CY Cyprus; CZ Czech Republic; DE Germany; DK Denmark; EE Estonia; EL Greece; ES Spain; 

FI Finland; FR France; HR Croatia; HU Hungary; IE Ireland; IS Iceland; IT Italy; LU Luxembourg; LT Lithuania; LV Latvia; MT Malta; NL the Netherlands; 

NO Norway; PL Poland; PT Portugal; RO Romania; RS Serbia;  SE Sweden; SI Slovenia; SK Slovakia; TR Turkey; UK United Kingdom. 
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Figure 4-14 CRC costs per case (€) (PPP adjusted) versus 5-year net survival for CRC. 

AT Austria; BE Belgium; BG Bulgaria; CH Switzerland; CY Cyprus; CZ Czech Republic; DE Germany; DK Denmark; EE Estonia; EL Greece; ES Spain; 

FI Finland; FR France; HR Croatia; HU Hungary; IE Ireland; IS Iceland; IT Italy; LU Luxembourg; LT Lithuania; LV Latvia; MT Malta; NL the Netherlands; 

NO Norway; PL Poland; PT Portugal; RO Romania; RS Serbia;  SE Sweden; SI Slovenia; SK Slovakia; TR Turkey; UK United Kingdom. 
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CRC costs per capita (€) versus THE (207) per capita (€), PPP adjusted. p-value 

= 0.342, data not shown 

CRC costs per case (€) versus THE per capita (€), PPP adjusted. p-value = 

0.534, data not shown 

CRC costs per case (€) (PPP adjusted) versus CRC incidence (per 1,000). p-

value = 0.116, data not shown 
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4.3 Supplementary Tables 

Table 4-5 Multiple regression of CRC costs per capita against drivers and  

determinants of CRC costs. 

CRCcap Coefficient. Standard 

Error. 

t-

value 

p-

value 

[95% Confidence 

Interval] 

Sig 

GDP 0.000 0.000 2.05 0.051 0.000 0.001  

THE -0.001 0.001 -0.62 0.542 -0.004 0.002  

DALYs 0.036 0.024 1.52 0.142 -0.013 0.084  

Incidence -10.938 18.231 -0.60 0.554 -48.485 26.608  

Prevalence -0.628 1.777 -0.35 0.727 -4.286 3.031  

Mortality 10.776 44.384 0.24 0.810 -80.635 102.187  

Survival 28.116 38.842 0.72 0.476 -51.880 108.112  

        

Constant -27.056 27.529 -0.98 0.335 -83.754 29.642  

 

Mean dependent variance 13.338 SD dependent var  9.463 

R-squared  0.559 Number of observations   33.000 

F-test   4.528 Prob > F  0.002 

Akaike crit. (AIC) 229.941 Bayesian crit. (BIC) 241.913 

 

*** p<0.005, ** p<0.01, * p<0.05  
AIC - Akaike information criterion; BIC - Bayesian Information Criterion; CRCcap – CRC healthcare costs per capita; 

DALYs – disability-adjusted life years; GDP – gross domestic product; F – F-statistic; Prob > F – p-value associated with F-

statistic; R-squared – strength of association; SD – standard deviation; Sig – significance; THE – total healthcare 

expenditure 
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Table 4-6 Multiple regression of CRC costs per case against drivers and  

determinants of CRC costs. 

CRCcase Coefficient Standard 

Error 

t-

value 

p-

value 

[95% Confidence 

Interval] 

Sig 

GDP 0.121 0.076 1.60 0.123 -0.035 0.276  

THE -0.305 0.522 -0.58 0.564 -1.379 0.769  

DALYs 18.446 9.148 2.02 0.055 -0.394 37.286  

Incidence -7328.391 7072.165 -1.04 0.310 -21900.000 7237.005  

Prevalence -1477.097 689.160 -2.14 0.042 -2896.449 -57.746 * 

Mortality 3107.716 17217.804 0.18 0.858 -32400.000 38568.447  

Survival 28430.615 15067.778 1.89 0.071 -2602.055 59463.285  

        

Constant -16300.000 10679.379 -1.53 0.140 -38300.000 5701.966  

 

Mean dependent var 3263.174 SD dependent var  3994.047 

R-squared  0.628 Number of observations   33.000 

F-test   6.016 Prob > F  0.000 

Akaike crit. (AIC) 623.355 Bayesian crit. (BIC) 635.327 

 

*** p<0.005, ** p<0.01, * p<0.05  
 

AIC - Akaike information criterion; BIC - Bayesian Information Criterion; CRCcase – CRC healthcare costs per prevalent case; 

DALYs – disability-adjusted life years; GDP – gross domestic product; F – F-statistic; Prob > F – p-value associated with F-

statistic; R-squared – strength of association; SD – standard deviation; Sig – significance; THE – total healthcare expenditure 
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Table 4-7 Multiple regression of CRC survival against hospital personnel,  

resources, and activities. 

Survival Coefficient Standard 

Error 

t-

value 

p-

value 

[95% Confidence 

Interval] 

Sig 

Oncologists 0.006 0.007 0.84 0.411 -0.008 0.019  

CT Scanners 0.001 0.009 0.14 0.891 -0.018 0.021  

CT Scans 0.000 0.000 2.93 0.007 0.000 0.000 ** 

Radiologists -0.001 0.002 -0.71 0.487 -0.005 0.003  

Radiotherapy Machines 0.014 0.029 0.51 0.617 -0.044 0.073  

Surgical Oncologists 0.020 0.007 2.94 0.007 0.006 0.035 ** 

Laparoscopic Colectomies 0.000 0.001 0.38 0.705 -0.002 0.002  

        

Constant 0.492 0.042 11.72 0.000 0.406 0.579 *** 

 

Mean dependent var 0.602 SD dependent var  0.061 

R-squared  0.509 Number of observations   33.000 

F-test   3.696 Prob > F  0.007 

Akaike crit. (AIC) -98.946 Bayesian crit. (BIC) -86.974 

 

*** p<0.005, ** p<0.01, * p<0.05  
AIC - Akaike information criterion; BIC - Bayesian Information Criterion; CT – computer tomography; F – F-statistic; MS – 

mean squares; Prob > F – p-value associated with F-statistic; R-squared – strength of association; SD – standard deviation; Sig - 

significance. 



Chapter 5  Cost Minimisation Analysis 

119 

 

5 Economic analysis of continuous versus intermittent 

cetuximab in KRAS wild-type patients with metastatic 

colorectal cancer: Delivering value at the right time. 

5.1 Introduction 

CRC is the second-highest cause of cancer death in the UK, with 257,468 individuals 

living with CRC, 41,804 newly diagnosed CRC cases, and 16,277 CRC deaths in 2015 

(88,114,385). That year, CRC cost the NHS £412 million which, when added to 

societal costs due to mortality, morbidity, and informal care, brings the total economic 

burden of CRC in the UK to £2.1billion (see Table 3-3). Currently ~25% of CRC 

patients in the UK have metastatic CRC (mCRC), and although overall survival (OS) 

for mCRC has doubled to approximately 30 months in the last 20 years, the 5-year 

survival for stage IV CRC is only 7.5%, clearly indicating the need to improve patient 

treatment outcomes (88,445,446). 

With a progression rate to mCRC of almost 50%, surgical excision alone becomes 

increasingly unviable without reliance on chemo-biologic therapies. In mCRC, 

chemotherapeutic agents and targeted therapies can shrink tumours, and in a small 

minority of cases lead to curative surgery (447). Cetuximab is a monoclonal antibody 

which targets the epidermal growth factor receptor (EGFR) that plays an important 

role in intracellular signalling, regulating differentiation, proliferation, survival, and 

growth of cells. Cetuximab was initially approved in 2007 as a mCRC targeted therapy 

by NICE, though it was later found to be ineffective against mCRC patients carrying 

the mutated form of the Kirsten rat sarcoma (KRAS) gene, which occurs in 35% to 

40% of CRC patients (448–450). Cetuximab can be used as a single agent or more 

commonly with chemotherapy cocktails such as FOLFOX or FOLFIRI (451). As a 

monotherapy, the toxicity profile of cetuximab is lower, but the clinical benefit can be 

greater when used in combination with chemotherapy (452).  For the proportion of 

mCRC patients for whom cetuximab is effective due to their KRASWT status, cancer 

cells can still mutate as drug therapy will inevitably apply a selection pressure, leading 

to the emergence of a treatment-resistant population of cancer cells (453). One 

potential way of subverting this resistance is by employing an adaptive strategy of 
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stop-go treatment, whereby patients are allowed treatment holidays until tumour 

regrowth, when therapy is reinitiated (454). A systematic review has already 

established that such strategies applied in mCRC using chemotherapy alone does not 

have a negative impact on OS and improves or maintains QoL, when compared to 

continuous therapy (455).  

The COIN trial (COntinuous or INtermittent) established that intermittent 

chemotherapy was a treatment option for patients with mCRC who had normal platelet 

counts, improving their QoL without impacting OS, while the COIN-B trial was an 

extension of this trial, demonstrating that IC could be safely incorporated into this 

regimen (109,456). The COIN-B trial found that progression-free survival (PFS) at 10 

months was 50% for the intermittent cetuximab (IC) therapy group versus 52% for the 

continuous cetuximab (CC) therapy group, while median PFS was 12.2 months (95% 

CI 8.8–15.6) and 14.3 months (95% CI 10.7–20.4), respectively.  

COIN-B was a non-inferiority trial showing that the IC arm had equivalent clinical 

efficacy to the CC arm. In this setting, the appropriate economic analysis tool to 

employ is cost-minimization analysis (CMA), which allows us to determine which 

intervention is the least costly. Our CMA approach, performed on data from the COIN-

B trial, evaluates not only if IC has a clinical benefit and but also whether this outcome 

provides better value for money. We appraised the costs not only of chemotherapy and 

cetuximab treatment, but also drug administration, associated patient care, and costs 

incurred due to toxicities from adverse events. To our knowledge, this is the first 

formal economic analysis of intermittent dosing of cetuximab in a clinical trial setting 

and has significant implications for patients’ QoL, whilst also captures information on 

healthcare expenditure that can inform cancer policy.  

 

5.2 Methods 

 Overview 

CMA compares the differences in cost between two interventions when they have the 

same or statistically insignificant outcomes by selecting the least expensive treatment 

(457). CMA is performed by examining the healthcare costs (y-axis) and health 

outcomes (x-axis) visually on the cost-effectiveness plane (see Figure 5-1). The 

resulting scatterplot is measured against a cost-effectiveness threshold or WTP, the 
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Figure 5-1 Incremental cost-effectiveness plane. 

Showing four quadrants, line representing ceiling ratio (or WTP threshold) λ for decision 

making. NE – North-East; North-West; South-East; South-West; WTP – willingness-to-

pay. 

latter is the maximum amount a consumer (or society) will forgo to purchase a product. 

Following NICE guidelines, CMA was expressed from the perspective of the NHS, in 

UK pounds sterling at 2009 prices (when roughly half of the patients had died). Quality 

adjusted life-years (QALYs) were used as a measure of health outcomes, with both 

future costs and outcomes discounted at 3.5% per annum. We employed both 

partitioned survival modelling (PSM, also known as ‘area under the curve’) and a 

Markov Chain Monte Carlo (MCMC) simulation (a state transition model), the former 

is frequently used in the economic evaluation of interventions which impact on OS or 

QoL in metastatic cancers. 

 Study population 

A total of 164 patients were randomised into two groups to receive either continuous 

cetuximab (CC: n = 88 patients) or intermittent cetuximab (IC; n = 76 patients) 

therapy, all were treated with intermittent chemotherapy.  All the study cohort were 

age 18 years or over with mCRC and had not been administered any previous 

chemotherapy for metastases. These patients had WHO performance status of 0-2, 
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indicating they were ambulatory at least 50% of the time, requiring only limited 

assistance. They were assessed for leucocytosis, neutrophilia, thrombocytosis, liver 

and renal function. Patients were regarded as ineligible if they had any prior cancer, 

unchecked comorbidity which may influence COIN-B therapy or evaluation of 

response by computer tomography scans, or known metastases of the brain. The trial 

was implemented before it was known that patients with KRASmut do not benefit from 

cetuximab (448); the trial was temporarily suspended while current and future enrolees 

were evaluated for inclusion based on their tumour KRASWT status. Informed consent 

was given by all patients and ethical approval was granted from the appropriate ethics 

boards in the UK and Cyprus. This was an open label (where both trial staff and 

patients know which treatment is being administered), randomised explorative phase 

2 trial. 

 Health utility, resource use and cost assessments 

Health utility scores were derived from the COIN trial which used the EQ-5D-3L 

questionnaire. Medical resources for each patient group (such as pharmaceutical costs 

and patient care) were based on the utilisation in the COIN-B trial, with costing data 

obtained from NICE. Chemotherapy, cetuximab, and patient care costs were calculated 

on a weekly basis and then multiplied to match the treatment regimen for each patient 

outlined in the trial. Toxicity data for grade 3/4 (serious) adverse events and their 

associated costs were derived from the COIN-B trial and National Reference Costs 

from the NHS, respectively. All of these utilities and costs together with patient data 

were used to populate the PSM and MCMC simulation, and are listed below in Table 

5-2, 5.3, 5.4, 5.5, and 5.6. 

PSM is an economic framework used to model a cohort over their lifetime as they 

move between a set of exhaustive and mutually exclusive heath states such as PFS and 

post-progression survival (PPS).  It differs from a Markov model in that it is not 

determined by transition probabilities. Rather, the model approximates the fraction of 

the cohort in each state derived from parametric survival equations. Combining data 

from Kaplan-Meier survival curves in the COIN-B clinical trial for OS and PFS, the 

time in PPS is calculated by subtracting PFS from OS as illustrated in the schematic 

Figure 5-2. For each patient, QALYs were calculated by multiplying the utility score 

(derived from the time spent in PFS and PPS) by life years gained. Weekly costs of 

pharmaceutical administration and associated patient care were calculated and  
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 Partition Survival Modelling  

 

Figure 5-2 Schematic determining state membership in PSM models. 

An example of a three-state cancer model (adapted from Woods et al.) (458). PPS(t) denotes 

progression state as a function of time (t). OS, overall survival; PFS, progression-free survival; 

PPS, post-progression survival. 

 

multiplied by the number of life weeks gained for each patient. Patients who 

experienced toxicities as a result of therapy had their cost of adverse treatment added 

to overall treatment costs, and discounting applied to the final figure. These final costs 

and QALYs were presented to Stata and ordinary least squares (OLS) regression 

performed (OLS was used as our data fulfilled the criteria of normality, p < 0.005) on 

costs and QALYs separately, based on whether they originated from continuous or IC 

treatment. Matrix multiplication was then performed returning cost/QALY pairs for 

each treatment scenario and the difference in costs and the difference in QALYs 

between the two treatments. This large sample is resampled 1,000 times by 

bootstrapping and is used to develop a PSM. 

The ICER was calculated as follows: 

𝑰𝑪𝑬𝑹 =
𝑪𝒊−𝑪𝒔

𝑬𝒊−𝑬𝒔
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where; 

Ci = costs of the intervention therapy (IC) 

Cs = costs of the standard therapy (CC) 

Ei = effects of the intervention therapy (IC) 

Es = effects of the standard therapy (CC) 

Net monetary benefit (NMB) was calculated by subtracting the difference in costs from 

the product of the WTP threshold and the difference in QALYs, as follows: 

𝑵𝑴𝑩 = 𝝀 ×△ 𝑬 −△ 𝑪 

where λ = WTP threshold 

∆ E = difference in effects 

∆ C = difference in costs 

This was done for each cost/QALY pair for WTP thresholds between £0 and £50K, 

the resulting NMB sum of 1,000 samples for each λ bin calculated and the average 

taken. Then corresponding confidence intervals (CIs) were then calculated. The 

probability that IC therapy was cost-effective over CC therapy was calculated for a 

range of WTP values between £0 and £125K and mapped on a cost-effective 

acceptability curve (CEAC). Value of information (VOI) was calculated for WTP 

values between £0 and £125K. 

 Markov Chain Monte Carlo (MCMC) Simulation 

Each patient in the trial had outcomes of OS and PFS, with particular attention paid to 

the three states of PFS, PPS, and death and the transitions within. Transition 

probabilities between the different health states (PFS, PPS and death) were calculated 

by extracting survival data (OS & PFS) at 6-month intervals from the COIN-B trial. 

PPS was calculated by subtracting PFS from OS as in PSM, but in preparation for the 

MCMC simulation raw cohort data was transformed into 6 monthly event rates, using 

the formula: 

𝒓 = 𝐥𝐧(𝟏 − 𝒑)  
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Where p is the probability of remaining in a specified health state. This rate r is 

converted into a weekly rate and then transformed back to a weekly transition 

probability using the formula: 

𝒑 = 𝟏 − 𝒆−𝒓  

Transition probabilities were used to populate the transition matrices (Table 5-2 and 

5-3). Weekly transition probabilities were employed due to the aggressive nature of 

mCRC and the dynamic occurrence of associated toxicities from drug administration.  

In the MCMC simulation, the transition probabilities were based on the a priori 

assumptions described above and were fixed regardless of the cycle number (time 

elapsed). That is, the transition probabilities were a snapshot based on observed 

aggregate movement of patients from PFS to PPS to death over the first six months 

and not based on the individual patient data from every transition in the COIN-B trial 

as occurs with PSM (459).  

 

Figure 5-3 Markov model schematic. 

CRC, colorectal cancer. 

 

MCMC comprises of two parts: (i) the Markov chain which in this case comprises of 

three health states, with arrows in showing the permitted probability transitions in 

Figure 5-3. (ii) Monte Carlo sampling from the probability distribution created by the 

Markov chain.  

The Markov chain refers to the simple 3 state model represented schematically by 

Figure 5-3 and populated by the transition probability matrices (Table 5-2 and 5-3). 

Initial probabilities for each state were set at 1 for PFS, and 0 for PPS and dead. These 

initial probabilities were then multiplied by the transition probability matrix, e.g. 

matrices’ multiplication for IC are outlined in Table 5-1. 
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Table 5-1 Matrix multiplication. 

    Transition Probability Matrix 

    
Transition 

from: 
Transition to: 

Initial Probabilities   PFS PPS Dead 

PFS PPS Dead  PFS 0.982 0.012 0.006 

1 0 0 x PPS 0 0.976 0.024 

    Dead 0 0 1 

Initial probabilities multiplied by transition probability matrix for intermittent cetuximab in the 

first week cycle. PFS, progression-free survival; PPS, post-progression survival. 

 

This ‘Markov trace’ continues in discrete weekly cycles for a time horizon of 6 years 

(when all patients had died). The products of these probabilities were then used to 

calculate corresponding costs and outcomes (QALYs), where future costs and QALYs 

are discounted, and a half-cycle correction applied (costs and QALYs are known at the 

beginning and end of each week but not the mid-point). The distributions of costs and 

QALYs generated from the Markov trace (the range of probabilities in the 3 states 

from week 1 to week 312) were then sampled iteratively and randomly by a Monte 

Carlo simulation, producing a probabilistic sensitivity analysis (PSA). PSA allows us 

the level of confidence in the output of the economic analysis to be quantified, usually 

represented by a scatterplot on the cost-effectiveness plane. 

The ICER was calculated as outlined in the PSM, as was the NMB but only for a WTP 

of £30K and no confidence intervals were generated. The CEAC was also plotted from 

the MCMC simulation for WTP values between £0 and £100K. VOI was not calculated 

for the MCMC simulation. 

 Scenario Analysis: Cetuximab replaced with Biosimilar at 70% of 

Costs 

The PSM was performed a second time with cetuximab replaced with a biosimilar at 

a 30% reduction in cost. A 30% reduction was chosen, as this was the conservative 

estimate of biosimilar version of cetuximab price reduction estimated by the RAND 

Corporation (460). Only cost/QALY pairs for CC and IC therapy, and their 

incremental difference were modelled. 
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 One-Way Sensitivity Analysis 

A one-way sensitivity analysis was performed where each input parameter was 

changed to evaluate the impact on the output results. The one-way sensitivity analysis 

was conducted on each of the cost input parameters - drug costs (split into cetuximab 

and FOLFOX), patient care, and adverse events. Costs were varied by ± 30% of the 

base cost expenditure over 1 year of the patient’s life for both CC and IC therapy 

scenarios. The final output was summarised by a tornado diagram. 

 Cost Savings in 2015 Cohort 

The formula below was used to calculate cost savings in 2015 cohort. 

𝐶𝑜𝑠𝑡 𝑠𝑎𝑣𝑖𝑛𝑔 𝑝𝑒𝑟 𝑝𝑎𝑡𝑖𝑒𝑛𝑡 (𝐶𝐶 𝑡ℎ𝑒𝑟𝑎𝑝𝑦 − 𝐼𝐶 𝑡ℎ𝑒𝑟𝑎𝑝𝑦) × 𝑛𝑜. 𝑜𝑓 𝐶𝑅𝐶 𝑝𝑎𝑡𝑖𝑒𝑛𝑡𝑠

× 𝑚𝐶𝑅𝐶 𝑝𝑟𝑜𝑝𝑜𝑟𝑡𝑖𝑜𝑛 × 𝐾𝑅𝐴𝑆 𝑊𝑇 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛

= 𝑐𝑜𝑠𝑡 𝑠𝑎𝑣𝑖𝑛𝑔𝑠 𝑝𝑟𝑜𝑑𝑢𝑐𝑒𝑑  

 Comparison of Survival Curves with Markov Trace 

The combined Kaplan-Meier survival curves from the COIN-B clinical trial were 

compared to the Markov trace generated from the transition probabilities from the first 

6 months of the trial. Survival curves from both models were then plotted for IC 

therapy only. 

 

5.3 Results 

There were 164 patients in this analysis, with 88 patients receiving CC therapy and 76 

patients receiving IC therapy. The t-test score was 11.86 (p = 0.000) with a β co-

efficient of 0.463. The first death was recorded at 20 days and the last death at 6.21 

years. 

Transition probabilities, utilities, and costs used to populate PSM and MCMC 

simulations listed in Table 5-2, 5-3, 5-4, 5-5 and 5-6. 
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Table 5-2 Matrix for IC weekly transition probabilities used for Markov Chain Monte 

Carlo simulation. 

Intermittent 

cetuximab 

PFS PPS Dead 

PFS 0.982 0.012 0.006 

PPS 0 0.976 0.024 

Dead 0 0 1 

PFS, progression-free survival; PPS, post-progression survival. 

 

Table 5-3 Matrix for CC weekly transition probabilities used for Markov Chain Monte 

Carlo simulation. 

Continuous 

cetuximab 

PFS PPS Dead 

PFS 0.982 0.007 0.011 

PPS 0 0.990 0.010 

Dead 0 0 1 

PFS, progression-free survival; PPS, post-progression survival. 
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Table 5-4 Fixed model input values for Markov Chain Monte Carlo simulation and 

partitioned survival modelling. 

Parameter Value Comment 

Health utilities (EQ-5D-3L)   

   PFS utility 0.89 TTO values calculated from 

responses in COIN trial    PPS utility 0.69 

Pharmaceuticals   

    Cost of 100mg of cetuximab £136.50 (38) 

    Cost of 100mg of oxaliplatin £330.00 (461)a 

    Cost of 30mg of L-folinic acid £23.12 (462)a 

    Cost of 2,500mg of 5-fluorouracil £32.00 (463)a 

Patient care   

    Parenteral Chemotherapy at 1st 

attendance 

 £213.00  (464) 

    Deliver subsequent chemotherapy 

elements  

 £285.00  (464) 

    KRAS & BRAF exon 15 analyses  £129.00  (465) 

    CT scans, more than three areas  

    (abdomen, lung, large bowel, and 

pelvis) 

£172.00 

 

(464) 

BRAF, vfr4cde gene for B-raf; CT, computer tomography; KRAS, Kirsten rat sarcoma viral oncogene homolog; PFS, 

progression-free survival; PPS, post-progression survival; TTO, time trade off.  

a – Inflationary prices adjusted to 2009 
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Table 5-5 Costs per patient at the end of each treatment cycle, used to populate partition 

survival modelling. 

Treatment Continuous Cetuximab 

Therapy Costs/Patient 

Intermittent Cetuximab 

Therapy Costs/Patient 

1st period of full treatment £22,082.39 £22,082.39 

1st chemotherapy free interval £43,926.49 £22,082.39 

2nd period of full treatment £65,585.38 £43,741.28 

2nd chemotherapy free interval £87,429.48 £43,913.28 

3rd period of full treatment £109,088.37 £65,572.17 

3rd chemotherapy free interval £130,932.47 £65,744.17 

4th period of full treatment £152,591.35 £87,403.05 

4th chemotherapy free interval £174,435.45 £87,575.05 

5th period of full treatment £196,094.34 £109,233.94 

5th chemotherapy free interval £217,938.44 £109,577.94 

6th period of full treatment £239,597.33 £131,236.83 

6th chemotherapy free interval £261,441.43 £131,408.83 

7th period of full treatment £283,100.31 £153,067.72 

7th chemotherapy free interval £304,944.42 £153,239.72 

8th period of full treatment £326,603.30 £175,070.60 

8th chemotherapy free interval £348,447.40 £175,242.60 

9th period of full treatment £370,106.29 £196,901.49 

9th chemotherapy free interval  £391,950.39  £197,073.49 

10th period of full treatment  *£393,603.23  £218,732.38 

10th chemotherapy free interval  £219,076.38 

11th period of full treatment  £240,735.26 

11th chemotherapy free interval  £240,907.26 

12th period of full treatment  £260,741.31 

*All patients had passed in the continuous cetuximab therapy cohort by the 10th period of full treatment 
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Table 5-6 Variable input values for adverse effects due to drug toxicities. 

Adverse Events (Grade 3/4 only) Value Comment 

    Nausea  £142.00  General medicine outpatient visit 

    Vomiting  £14.00  General medicine outpatient visit 

    Anorexia  £142.00  General medicine outpatient visit 

    Pain  £124.00  Outpatient attendance of pain 

management 

    Stomatitis  £142.00  General medicine outpatient visit 

    Diarrhoea  £142.00  General medicine outpatient visit 

    Lethargy  £142.00  General medicine outpatient visit 

    Thrombocytopenia £1,500.00  Thrombocytopenia with 

complications and comorbidities 

    Abnormal haemoglobin concentration  £142.00  General medicine outpatient visit 

    Leucopenia  £142.00  General medicine outpatient visit 

    Neutropenia £5,959.00  Febrile Neutropenia with 

Malignancy 

    Skin rash  £13.09  Skin cream 

    Hand-foot syndrome  £142.00  General medicine outpatient visit 

    Peripheral neurotoxicity £2,817.00  Other admissions related to 

neoplasms with major 

complications and comorbidities 

    Hypomagnesaemia  £142.00  General medicine outpatient visit 

    Cetuximab hypersensitivity  £142.00  General medicine outpatient visit 

 

  PSM and MCMC simulation on Cost-effectiveness Plane 

Our results for PSM ICER were as follows: 

𝐼𝐶𝐸𝑅 =  
£70,471 − £104,150 

1.2512 − 1.2467 
=

−£33,679

0.0045
 = 𝐼𝐶𝐸𝑅 𝑛𝑜𝑡 𝑟𝑒𝑝𝑜𝑟𝑡𝑒𝑑 

PSM indicates that there is a strong linear relationship between costs and QALYs 

Figure 5-4. Costs were higher and rose more steeply for the CC cohort (£82,001 to 

£130,949, average = £104,150) than the IC cohort (£53,222 to £88,002, average = 

£70,471), the range in QALYs was 0.99 to 1.58 (average = 1.25) for the CC cohort 

and 0.93 to 1.57 (average = 1.25) for the IC cohort. There was an incremental cost 

saving per patient of £33,679 (p-value < 0.000) in favour of IC therapy. 
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Figure 5-4 Partitioned Survival Modelling – cost/QALY pairs on 

cost effectiveness plane. 

A strong positive linear relationship was seen between costs and QALYs for both CC 

and IC therapy. The R2 values provided 99% confidence that CC therapy costs were 

explained by the QALYs produced and provided 96% confidence that the costs 

incurred with IC therapy were explained by the QALYs. QALYs, quality-adjusted life 

years; WTP, willingness-to-pay. 
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Figure 5-5 Partitioned Survival Model – incremental costs and QALYs on the 

cost-effectiveness plane. 

CE, cost-effectiveness; QALYs, quality-adjusted life years; WTP, willingness-to-pay. 

 

The vast majority of the differences in costs and QALYs between CC and IC therapies 

are below both WTP thresholds of £30,000 (99.4% below green line) and £50,000 

(97.7% below red line) falling into the South West or South East (IC therapy 

dominates) quadrants of the cost-effectiveness plane (see Figure 5-5Figure 5-5). 

Our results for the MCMC simulation ICER were follows: 

𝐼𝐶𝐸𝑅 =  
£53,320 − £83,028 

1.1263 − 1.2307 
=

−£29,708

−0.1044
 = 𝐼𝐶𝐸𝑅 𝑛𝑜𝑡 𝑟𝑒𝑝𝑜𝑟𝑡𝑒 
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Figure 5-6 Markov Chain Monte Carlo simulation – cost/QALY pairs 

on cost effectiveness plane. 

QALYs, quality-adjusted life years; WTP, willingness-to-pay. 

 

The MCMC simulation cost/QALY pairs (Figure 5-6) indicate that costs for the CC 

cohort (£76,650 to £174,807, average = £83,028) were higher and had a wider range 

than the IC cohort (£47,038 to £132,866, average = £53,320). QALYs ranged from 

1.04 to 1.36 (average = 1.23) in the CC cohort to 0.94 to 1.25 (average = 1.13) in the 

IC cohort, that is a similar range but CC therapy produces more QALYs. There was 

an incremental cost saving per patient of £29,708 in favour of IC therapy 
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Figure 5-7 Markov Chain Monte Carlo simulation - incremental costs and 

QALYs on the cost-effectiveness plane. 

CE, cost-effectiveness; MCMC, Markov Chain Monte Carlo; QALYs, quality-adjusted life years; 

WTP, willingness-to-pay. 

 

In the MCMC simulation, the great majority of the difference in costs and QALYs 

between CC and IC therapies are below both WTP thresholds of £30,000 (97.4% 

below green line) and £50,000 (96.2% below red line), with IC therapy dominating 

(Figure 5-7) 
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 Net Monetary Benefit 

For PSM Figure 5-8 shows the NMB was greater than zero for all values 

between £0 and £50,000, additionally where the NMB line meets the y-axis, IC 

therapy was £34,031 (p = 0.000) less expensive than CC therapy. The NMB 

result for the MCMC simulation was £19,266. 

 

 

Figure 5-8 Net Monetary Benefit. 

NMB, net monetary benefit; WTP, willingness-to-pay. 
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 Cost-Effective Acceptability Curve 

The CEAC for the PSM compared IC therapy to CC therapy over a range of WTP 

values and found the probability of IC therapy being the more cost-effective option 

from 100% at a WTP of £204 (p = 0.000) to 97.7% at a WTP of £50K (p = 0.046), 

after which the results become statistically insignificant (p  > 0.05 at £53,094) (Figure 

5-9). The CEAC for the MCMC simulation found the probability of IC therapy to be 

the most cost-effective option 100% of the time over CC therapy, for a range of WTP 

values from £0 to £100K. 

 

Figure 5-9 Cost-effective Acceptability Curve. 

WTP, willingness-to-pay 
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 Value of Information Analysis 

The VOI curve was constructed from the PSM results only; Value of Information 

Analysis shows that the VOI increases with a range of WTP values (from £0 to 

£125,000), however as we have a high certainty that IC therapy should be adopted as 

an alternative to CC therapy (only 6 out 0f 1,000 simulations for IC therapy were not 

cost-effective) there is a very small VOI (£17) of reducing uncertainty at a WTP of 

£30,000 and a VOI of £106 at a WTP of £50,000. Value of Information Analysis would 

indicate that as WTP grows it would be too costly to remove all decision uncertainty 

and achieve perfect information. 

 

Figure 5-10 Value of Information. 

VOI, value of information; WTP, willingness-to-pay. 
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 Scenario Analysis: Cetuximab replaced with Biosimilar at 70% of 

Costs 

The results from PSM where cetuximab costs were replaced with expected costs of a 

biosimilar show the average cost of IC therapy to be £50,642 per QALY, where all IC 

cost/QALY pairs cluster around the NICE’s WTP end-of-life threshold of £50K 

(Figure 5-11). For biosimilars to remain competitive with second generation PCMs 

they would need to be priced at 70% of current prices if not less (466). Figure 5-12 

represents a PSM with cetuximab input at 70% of present negotiated NHS price. 

 

 

Figure 5-11 Partitioned Survival Modelling (Scenario analysis 

cetuximab at 70% of cost) – cost/QALY pairs on cost effectiveness 

plane. 

QALYs, quality-adjusted life years; WTP, willingness-to-pay. 
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Figure 5-12 Partitioned Survival Modelling – incremental costs and 

QALYs on the cost-effectiveness plane. 

QALYs, quality-adjusted life years; WTP, willingness-to-pay. 

 

Although the cost savings are reduced to £25,424 if IC therapy replaces CC therapy, 

the average cost for generating 1.25 QALYs is £63,302 per patient. This is slightly 

above the NICE end-of-life WTP £50,000/QALY threshold. 
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 One-Way Sensitivity Analysis 

 

Figure 5-13 Tornado diagram of one-way sensitivity analysis of 

costs for input parameters for models. 

CC, continuous cetuximab; IC, intermittent cetuximab, FOLFOX, FOL– Folinic acid 

F – Fluorouracil OX – Oxaliplatin; NICE, National Institute for Health and Care 

Excellence; WTP, willingness-to-pay. 

 

One-way sensitivity analysis (Figure 5-13) demonstrated that although the base costs 

breached NICE’s £30k WTP threshold, if costs for drugs were reduced by 30% (either 

cetuximab or FOLFOX) as suggested by the RAND Corporation (460), then total costs 

come close to or within NICE’s £50k end-of-life threshold. 

 Cost savings in 2015 Cohort 

Of the 257,468 CRC patients identified in the UK in 2015, half will develop mCRC, 

and of this cohort approximately 60% will qualify for cetuximab therapy 

(385,449,467). The cost savings of adopting IC therapy over CC therapy were assessed 

for eligible mCRC patients, by using the cost difference of IC therapy over CC therapy 

determined by PSM to be £33,679. We assessed the financial impact on the 2015 

cohort, and £2.6 billion of cost savings were estimated if IC therapy was employed 

over CC therapy in the UK. 
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 Comparison of Survival Curves with Markov Trace 

Table 5-7 Overview of results from COIN-B trial and comparison to Markov trace 

results. 
  

COIN-B  

trial 

Markov 

model 

  
COIN-B  

trial 

Markov 

model 

Continuous 

cetuximab 

Overall 

survival 

  
Intermittent 

cetuximab 

Overall 

survival 

  

 
         Year 1 63.6% 56.8% 

 
         Year 1 65.8% 59.8% 

 
         Year 2 39.8% 32.8% 

 
         Year 2 32.9% 28.9% 

 
Progression 

-free 

survival 

   
Progression 

-free 

survival 

  

 
         Year 1 26.1% 39.6% 

 
         Year 1 21.1% 38.2% 

 
         Year 2 6.8% 15.7% 

 
         Year 2 5.3% 14.6% 

 Post-

progression 

survival 

   Post-

progression 

survival 

  

 Year 1 37.5% 17.2%  Year 1 44.7% 21.6% 

 Year 2 33.0% 17.1%  Year 2 27.6% 14.3% 

 

 

Figure 5-14 Comparison of PSM survival curves and Markov 

trace. 

Example used intermittent cetuximab. OS, overall survival; PFS, progression-free 

survival; PPS, post-progression survival. 

 

The PSM is drawn directly from the clinical trial data whereas the Markov trace is 

based on fixed transition probabilities from the first 6 months of survival in the trial. 

The PSM and Markov trace survival curves for IC therapy were compared (Figure 

5-14). After Year 1, the Markov trace underestimates the OS (PSM 65.8% vs Markov 

59.8%) and PPS curve (PSM 44.7% vs Markov 21.6%) compared to PSM, but 
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overestimates PFS curve (PSM 21.1% vs Markov 38.2%) compared to PSM, this was 

even more pronounced by year 2 (see Table 5-7). 

5.4 Discussion 

Precision treatment approaches that employ monoclonal antibody-based therapies 

such as cetuximab or panitumumab directed against EGFR in cohorts of mCRC 

patients with KRASWT tumours are helping to define a new standard-of-care for this 

aggressive disease. As our clinical experience in the use of these targeted agents in 

combination with chemotherapy evolves, there is increasing evidence that treatment 

breaks or “holidays” may have a biological relevance in the continuum of CRC care. 

In patients whose disease progresses due to a drug-selected expansion of KRASmut 

clones, a treatment break from anti-EGFR therapy may provide a window of 

opportunity, fostering a re-emergence of KRASWT clones which will then be sensitive 

to re-challenge with EGFR inhibitors (EGFRi). Furthermore, treatment breaks provide 

the opportunity to test the KRAS status of the tumour, thus allowing precise 

management of the timing and duration of re-challenge. Treatment breaks may also 

reduce potential side-effects associated with continuous therapy and contribute to 

improved quality-of-life. Employing an intermittent therapeutic approach may help 

reduce costs when compared to continuous therapy; however, health economic 

comparisons of these type of approaches are rarely reported 

We performed Cost Minimisation Analysis (CMA), comparing intermittent cetuximab 

(IC) versus continuous cetuximab (CC) costs in patients enrolled in the COIN-B trial.  

COIN-B was a non-inferiority trial which demonstrated that the IC arm had equivalent 

clinical efficacy to the CC arm. Two approaches were employed, Partition Survival 

Modelling (PSM) and Markov Chain Monte Carlo (MCMC) Simulation. IC therapy 

was the dominant therapy when compared to CC therapy, with a cost reduction of 

£33,679 (PSM) or £29,708 (MCMC simulation) per patient. The Net Monetary Benefit 

(NMB) analysis indicated that IC therapy had a value of £34,031 (PSM) or £19,266 

(MCMC simulation) over CC therapy 

The intermittent approach was initially described in the Medical Research Council’s 

(MRC) CR06 trial, which evaluated treatment breaks in mCRC as long as the tumour 

did not progress (104). Since then, there have been many clinical trials which describe 

an intermittent therapy or continuous therapy stop-and-go approach (468). De-

escalation/re-escalation of oxaliplatin, the most toxic drug of the FOLFOX/cetuximab 
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regimen (which also is the second most expensive drug of the regimen) was found by 

Gramont et al. to have a major impact on OS when re-introduced after a treatment 

break (469). Retaining 5-FU with panitumumab rather than panitumumab alone in 

partial stop-and-go approach may lead to an increase in OS if not a reduction in drug 

regimen costs; whether this would be applicable to cetuximab plus 5-FU as continuous 

therapy remains to be seen (470). This stop-and-go strategy presents clinicians with 

the opportunity to genotype cell-free DNA or circulating tumour DNA (ct-DNA) from 

the plasma to assess for KRAS secondary mutations caused by clonal evolution in 

response to cetuximab treatment (471). KRASWT tumours have been found to harbour 

a minor fraction of KRASmut clones; on treatment with cetuximab the KRASWT clones 

are eliminated whereas on post-progression the mutated clones become dominant. 

However, if a treatment holiday followed cetuximab first-line therapy then the mutated 

clones would potentially subside, and the anti-EGFR sensitive KRASWT clones would 

again be in the ascendancy, allowing for re-challenge with cetuximab (108).  

While neither CC or IC therapy was cost-effective in relation to NICE’s standard or 

end-of-life WTP threshold, cetuximab has come off patent in 2016 and biosimilars are 

expected soon, which may not breach these WTP thresholds. A study of the potential 

savings of biosimilars by the RAND Corporation estimated that such generics would 

be priced at 70% of the reference biologic (460). If the NHS negotiated such a price 

for a cetuximab biosimilar, then overall treatment costs would fall close to the NICE 

WTP threshold for end-of-life at £50,642 as suggested by scenario analysis (see Figure 

5-11 and 5-13). This probabilistic scenario analysis corresponds with our findings from 

the one-way sensitivity analysis which found a 30% reduction in cetuximab costs 

caused total costs to come very close to NICE’s £50k WTP end-of-life threshold 

(£51,419), more surprisingly was that a 30% reduction in FOLFOX costs meant total 

costs were even closer to the £50k threshold (£50,388). This is because despite generic 

forms of oxaliplatin being available since 2009, there has been minimal overall 

reductions in price (472). Not explicitly stated in any of NICE’s literature, the £50k 

threshold was born out of a response to the danger of introducing patients’ ‘top-ups’ 

to their treatment and thus undermining equity of access at the NHS (473). This was 

further evidenced by NICE appraisals of cancer drugs from 2009 to 2015, which 

passed 19 of 52 submissions at £50K (474).  
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We extrapolated our results to the eligible UK KRASWT population in 2015 who were 

estimated to go on to develop mCRC. If IC therapy were adopted over CC therapy, we 

estimate a cost saving of over £2.6 billion from our PSM model. There would also be 

substantial societal savings as IC therapy requires fewer visits to the clinic for 

cetuximab administration and thus a reduction in travel costs and return to activities 

for the patient. 

 Strengths and Limitations 

Strengths of this study include that the primary analysis was performed by a 

multidisciplinary independent research team (DF, ML, and RH), which liaised with 

the original COIN/COIN-B clinical team. This negated bias and allowed appropriate 

health economic analysis of the primary data. The PSM and MCMC simulation were 

comprehensively evaluated, with coding thoroughly checked and robustness of models 

tested. The results were validated by comparing to a UK economic model, which found 

cetuximab plus irinotecan therapy to be £88K per QALY, similar to our MCMC 

simulation result of £83K for CC therapy (475). Individual patient data (IPD) was from 

the COIN-B trial, while utility weights were from the cetuximab arm of the COIN trial, 

which had a similar patient population and QoL scores to the COIN-B trial. We found 

the PSM model easier to construct than the MCMC simulation. The PSM model is 

assembled directly from the raw trial data rather than being passed through a Markov 

chain whose transition probabilities are fixed. As the fixed costs cause the MCMC 

simulation to ‘smooth’ the survival curves (Figure 5-14), it deviates from the trial data 

more than the PSM model which is itself derived directly from the trial data. The PSM 

captures minor peaks and troughs in the survival curves, resulting in data at a much 

higher resolution.  On reviewing the literature, we found no economic analysis of any 

maintenance/intermittent cetuximab therapy. To our knowledge this is the first 

published study of a CMA for intermittent chemotherapy with either CC or IC 

treatment of KRASWT patients with mCRC 

All models have their weaknesses and the principle limitation of this study is its sample 

size. COIN-B was a phase 2 trial, and as such had a smaller sample size (N = 164) than 

a phase 3 trial. In spite of this limitation, the CEAC demonstrated that IC therapy 

demonstrated greater value for money than CC therapy. Both models may also have 

underestimated the costs by not including surgical resection rates, which were not part 

of the COIN-B trial.  
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This study was designed in the context of the UK NHS, but transferability to other 

HTA authorities has been considered. Utility weights were calculated by the time trade 

off method from the EQ-5D-3L questionnaire filled out by patients in the cetuximab 

arm of the COIN trial. This method can be replicated for 12 countries separately and 

in Europe as an aggregate, using the EQ-5D index calculator (476). Costs of 

chemotherapeutics and targeted therapy, and medical resources used should be adapted 

to the jurisdiction of interest, whereas the IPD can be used as reported (477).  

5.5 Conclusion 

Stratified/precision medicine has adopted the mantra of the right drug, for the right 

patient at the right time. While there are abundant trial publications on the right drug 

for the right patient, trials which judge the appropriate time to administer anti-

neoplastic drugs are much less represented in the literature. This is despite the well-

grounded theory of clonal evolution of malignant cells over time, and to a greater 

degree in response to drug selection pressures, and the availability of liquid biopsy 

technology to monitor clonal evolution from circulating tumour DNA (478).  

Biomarkers to select patients for cetuximab therapy can decrease the ICER, but fail to 

reach the required WTP threshold, and further cost reduction strategies are required. 

Intermittent therapy is one such strategy, and has the potential to go further by 

providing clinicians with the time to assess the tumour’s genomic signature and 

optimise the duration of care. Further research is warranted in the form of phase 3 trials 

of intermittent therapy against mCRC using not only cetuximab but also with other 

anti-mCRC agents. Indeed, this type of ‘stop-go’ therapy may also be applicable to 

other forms of cancer. 
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6 Conclusion and Future Directions 

6.1 Overview 

Though the incidence of cancer has increased to over 1 in 3 people since the 1970’s, 

survivorship has doubled, so a significant number of patients are now living with and 

beyond their disease (479). The increased incidence seen principally in high-income 

countries is primarily due to longer lifespans, though lifestyle habits play an increasing 

role (479,480). While cancer drugs’ costs are escalating, not all cancer drugs in the UK 

have been appraised by or meet NICE’s evidence bar, regardless of media speculation on 

promising new breakthroughs (481). Additionally, oncologists are now presented with a 

greater selection of cancer drugs than was available two decades ago, but the efficacy and 

effectiveness are not always clear, making it difficult for clinicians to appraise which 

drugs will offer true benefit. In this rapidly changing atmosphere, it is incumbent on 

health economic analysis to help bridge the gap between hype and hope by determining 

the cost-effectiveness and value of new PCMs. 

CRC is at the vanguard of cancer therapy in high-income countries, while biomarker 

guided PCMs (in the metastatic setting) can potentially deliver the most value to patients 

in terms of health generated, and to healthcare systems in terms of costs saved. In 

Chapter 2, the systematic review assembled the body of economic analyses on molecular 

biomarker guided therapy for CRC in high-income countries, to evaluate whether PCMs 

provide value-based care. Although CRC mortality rates are falling in high-income 

European countries, it is not clear to date if PCMs are having an impact on survival 

outcomes. Chapter 3 and 4 examined the economic burden of CRC in a pan-European 

study, with a particular focus on healthcare costs, such as primary, outpatient, emergency, 

and hospital care costs, along with pharmaceutical costs. Contrasting CRC total 

healthcare expenditure in high-income countries with CEE countries, CRC survival rates 

were paradoxically inversely related to CRC healthcare expenditure. Finally, Chapter 5 

investigates the costs and clinical efficacy of IC therapy compared to standard CC therapy 

in CRC. In addition to demonstrating significant economic benefits in cost savings, the 

IC approach also presents medical benefits in offering a window of opportunity for the 

clinician to both monitor the CRC tumour and assess biomarker status for re-challenge 
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with cetuximab, or if tumour resistance develops, challenge the tumour with a new 

biologic therapy and/or chemotherapeutic. 

 Systematic Review. 

A systematic review of economic analyses presents the highest level of evidence by 

assembling all RCT-CEA data for a particular intervention to look for cost-effectiveness, 

and to assist decision-making by healthcare professionals, patients, payers, industry, and 

policymakers. The systematic review conducted found a significant lack of evidence 

available for CEAs of precision-guided therapy in CRC. Seven medical and economic 

databases were searched, abstracts from meetings at ASCO and ISPOR, and a google alert 

system was set up – all only to find 14 of 6,706 articles which satisfied the criteria of the 

systematic review. This dearth of evidence strongly suggests that CEAs should be 

incorporated ab initio alongside RCTs, not only to help support the patient’s health and 

well-being, but also to provide economic data expediently with high-level internal 

validity. This re-evaluation of RCT designs should consider, but not be limited to 

(482,483): 

• Trials designed for effectiveness rather than efficacy. 

• Clinical outcome metrics. 

• Health utilities and resource use, acquired directly from enrolled patients. 

• Aggregation of economic data combined into the clinical data. 

• Economic analysis guided by a predefined analysis formula and hypotheses. 

• Incremental analysis managed by an intention-to-treat strategy. 

• Characterisation of uncertainty. 

• Compliance with standards communicating results of CEAs, i.e. CHEERS. 

• Deliberation of VOI analysis for sample size determinations.  

The systematic review showed cost-effectiveness of cetuximab therapy to treat mCRC 

RASWT patients in high income countries to be inconclusive. The economic analysis of 

the studies in this review illustrate that it is the cetuximab acquisition costs that are 

undermining the PCM model rather than the clinical effectiveness. Where a HTA 

advocate for the consumer exists, such as NICE or the Canadian Agency for Drugs and 

Technologies in Health, drug monthly acquisition costs are similar, £2,731/£3,599 in the 

UK and CAD$5,862 (£3,649) in Canada (164,165,168). In the US, where CMS is unable 
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to negotiate prices, cetuximab monthly acquisition costs just under US$10,000 (£7,489) 

(163,167). Additionally, when FOLFOX or FOLFIRI are used in combination with 

cetuximab, the costs are one third less in the UK compared to the US for these standard 

chemotherapeutics (445,484). Overall, there is a paucity of CEA studies for genomic 

profiling to guide therapy in CRC. This may reflect the limited number of clinical trials 

which have tumour profiling at their core, as evidenced by the fact that five of eight 

studies in our review of MBM guided anti-EGFR therapy were based either solely or in 

part on one single trial (448). While the cost-effectiveness of RAS mutational status to 

guide anti-EGFR therapy was inconclusive, this corresponds to the latest findings from 

subsequently performed CEA systematic reviews of biomarker guided PCMs in CRC, 

building up the knowledge base (195,197).  

As regards UGT1A1 polymorphism status to guide irinotecan dosing, the evidence in our 

systematic review clearly shows that UGT1A1 guided irinotecan dosing is not cost-

effective, in contrast to other authors’ results which are either inconclusive, or decide that 

this biomarker guided PCM is cost-effective using the same information upon which we 

relied (193,197).  

Guglielmo et al. was the only other study to evaluate the Oncotype DX® assay, yet they 

stopped short of finding it cost-effective, merely stating it was cost saving, when the test 

clearly falls below NICE’s £30K WTP threshold (195). Finally, no other reviews have 

assessed DPYD gene status to spare 5-FU toxicities though 5-FU is a standard drug used 

in all CRC chemotherapeutic/biologic therapeutic combinations. We identified the only 

study which met the inclusion criteria of the DPYD gene to guide 5-FU therapy, and 

determined it to be cost-effective, though more studies are needed to support our findings.   

 Economic Burden of CRC 

In order to determine the economic burden of CRC, a traditional cost-of-illness study 

design was enhanced to capture all patients in one calendar year, to compile a complete 

picture to the total economic burden in Europe in 2015. This study illustrates how 

escalating costs of CRC drug therapy are unsustainable and may not yield significant 

impact in improving CRC outcomes. This observation is particularly relevant in CEE 

countries, where increased expenditure on CRC drugs at the expense of other therapeutic 

modalities appears to be having a detrimental impact on patient outcomes. Additionally, 
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CEE countries are caught in a cost spiral, as CRC 5-year survival outcomes below 60% 

(see Table 4-8) are inversely related to an increase of costs reaching an apex at just under 

50% (see Figure 6-1). This spiral is reflected in the research culture of CEE countries, 

where there is a heavy focus on biomarker research, chemotherapeutics, targeted 

therapies, and associated clinical trials (485). Large increases in drug costs seen in the 

few countries outside CEE are likely due to anomalies such as the UK’s CDF, which 

operated from 2011-2016 without NICE oversight. Our study shows the benefits of a 

multi-modal approach, evidenced by the Scandinavian countries and Switzerland, which 

not only involves access to effective drug therapy, but also CRC screening, training in 

surgical laparoscopy, investment in radiotherapy equipment, palliative care, and 

associated healthcare personnel.  

 

Figure 6-1 Association of annual excess costs by cancer per diagnosed 

case, with 5-year relative survival ratio for cancer type. 

CRC highlighted in red, blue lines represent CRC 5-year survival range within the 

EUR33. Adapted from Blakely et al. (218). 

 

Improving CRC outcomes in turn leads to costs reducing as the disease can be arrested in 

the early stages, with precision therapy poised to replace more aggressive therapy in 

mCRC. The real-world data captured in our economic burden analysis complements the 

evidence of the systematic review as it demonstrates that CRC drug therapies are priced 
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too high and have a marginal effect on outcomes. Our study has enhanced the literature 

base in a number of ways. This study was compared to a previous cost of illness study, 

and our study captured the total prevalence of the CRC cases in one calendar year across 

a wider geographic area, rather than the 5-year prevalence of all cancer cases in a smaller 

area (23). The additional data we compiled led to an increase in study specificity, in that 

much of the data sourced came specifically from CRC-only reports, updated healthcare 

utilisation and cost data were applied where available, and the human capital approach 

was employed rather than the friction cost approach in order to better reflect the impact 

of CRC on society. 

 Cost Minimization Analysis 

The CMA demonstrated that the distinguishing advantage of IC therapy over CC therapy 

is a large reduction in treatment costs, without any detriment to the patient’s OS or QoL. 

If the NHS were to adopt an astute negotiating stance for a cetuximab biosimilar, this 

could bring therapeutic costs for mCRC within NICE’s £50K end-of-life WTP threshold. 

Additionally, the intermittent strategy is useful for facilitating introduction of tumour 

monitoring by liquid biopsies, allowing investigation of either cell free or circulating 

tumour DNA to assess genomic mutational status, e.g. RAS mutational status, or 

circulating tumour cells for transcriptomics to evaluate relevant CRC molecular 

signatures. The next focus of the intermittent type clinical trial is the multi-arm, multi-

stage trial (MAMS), where several drugs are matched through biomarker analysis to a 

CRC cohort, in a stop-go (intermittent) fashion (486). These more complex trial designs 

must also be modelled from an economic analysis perspective. There is no specific 

guidance from ISPOR on how to model MAMS trials, however PSM would be better 

suited to evaluating the results of each stage of a MAMS clinical trial, owing to its 

flexibility to incorporate changes in therapy as they arise, rather than a MCMC simulation 

with its initial fixed parameters.  

As costs are recuperated from intermittent strategy approaches, they can be redistributed 

through other cancer services such as CRC detection, CRC laparoscopic surgery, and 

precision radiotherapy in rectal cancer. As more patients go into remission, this will bend 

the CRC cost curve downwards. This study demonstrates that cost savings of £2.6 billion 

could have been generated if IC therapy was adopted over CC therapy for the 2015 cohort 

of KRASWT CRC patients, and suggests a future path for implementing cost savings in 
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healthcare systems. Finally, the PSM was capable of more accurately capturing the 

clinical trial data than the MCMC simulation, which ‘smooths’ out the data, eventually 

losing resolution when compared to PSM. 

6.2 Future Directions 

The purpose of this thesis was to determine the cost-effectiveness of PCM approaches 

and the economic burden of CRC. Several findings were made during the course of this 

research which highlight further areas for investigation. 

• From a methodological perspective, the systematic review illustrated that CEAs 

should be prospectively incorporated with RCTs. The results of the systematic 

review suggested that it is drug acquisition costs in the metastatic setting that were 

the greatest impediment to PCM cost-effectiveness. 

• The pan-European study of the economic burden of CRC revealed the importance 

of screening and multimodal therapy in CRC outcomes. Capturing this granularity 

on a prospective basis would be instructive in determining key mediators of future 

CRC outcomes 

• The CMA demonstrated that the costs of cetuximab therapy would be reduced by 

employing the IC strategy, without impacting QoL or OS. Additionally, there was 

potential for tumours which had developed resistance to cetuximab to re-sensitise. 

Performing a CEA of a multistage clinical trial such as MAMS would provide 

valuable evidence that could provide a benchmark for future CEA-guided 

precision medicine approaches. 

6.3 Is VBP the Solution to PCM Cost Problem? 

The economic justification for increasing prices of PCMs are various (487): 

• Less competition in market for small populations. 

• Increased expense of manufacturing process for PCMs such as biologics. 

• Higher drug efficacy commands higher prices. 

• Development of associated CDx (biomarker) for therapeutics leads to increased 

R&D costs. 
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• Approaches such as CAR T-cell and gene therapy (e.g. CRISPR) technologies 

may involve specialised hospitals, potentially licenced by pharmaceutical 

companies to formulate personalised therapies. 

Pharmaceutical firms will benefit from biomarkers improving and accelerating clinical 

trials, as biomarkers reduce the size of the trial (by selecting out more responsive patients) 

and increase the probability of therapeutic activity. Smaller and quicker trials 

consequently reduce costs and increase the effective length of time a patent is held, as the 

drug comes to market sooner under patent protection. Certain biomarkers may reduce the 

patient population into particular subtypes, to the point where the accompanying 

therapeutic may qualify for ‘orphan drug’ status. Orphan drugs are granted a 50% 

government subsidy in trial costs, 7 versus 5 years of marketing exclusivity, and a 

£100,000 increased NICE WTP threshold (488). 

 VBP: A Price Discrimination Manoeuvre 

All stakeholders should be aware that VBP allows the pharmaceutical industry to use 

biomarkers for PCMs as price discrimination tools. The pharmaceutical industry will find 

this pricing strategy appealing, as the same product can be sold to different patients at 

different prices (via their payer), based on how their cancer responds to therapy (see 

Figure 6-2). However, the NHS will only benefit from VBP in PCMs if the price is set at 

the level of the least expensive subgroup (non-responders). NICE’s remit must be that 

pharmaceutical firms analyse patients by response status and price their PCMs 

accordingly. NICE must say “no” to the pharmaceutical company that demands all prices 

be set at the highest response status (24). 

 Patient-Centred Outcomes Based Pricing 

Unfortunately, VBP which was intended to come into force in 2014 has faced opposition 

from both the NHS and the pharmaceutical industry, and has consequently been shelved 

(489–491). Outcomes-based pricing (OBP) originates around vigorous discussion of the 

VBP mechanism and the rebooting of the CDF under the umbrella of NICE. With an 

estimated spend of £2 billion a year on cancer medicines in the UK, clinical trial efficacy 

not matching real-world data (RWD) effectiveness of the drug, and patients clamouring 

for innovative therapies which are complex and expensive (exemplified by PCMs), there 

is a need for a new price negotiating platform in the NHS. OBP hopes to fill this void, by 

basing the price paid for a medicine on its effectiveness amongst patients in the real- 
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Figure 6-2 Uniform Pricing versus Value-Based Pricing. 

In the uniform-pricing situation (Panel A, scenario 1) super-responders experience the 

greatest benefit, while non-responders experience the least benefit. The biggest 

population is the non-responders, and the value of therapy for non-responders is only 

marginally less than that for responders. In panel A of scenario 1, all of the patients 

receive the therapy at the manufacturer’s profit-maximizing uniform price. At the profit-

maximization uniform price, the manufacturer banks’ profits in the green area. By 

employing uniform pricing there is a trade-off, in that the manufacturer relinquishes 

profits that could be obtained by billing increased prices to super-responders and 

responders. Relinquished profits, indicated by the blue areas, are recouped by super-

responders and responders as consumer surplus — the value difference between what 

customers really pay and the WTP threshold. Scenario 2 is illustrated in lower panel A, 

in which non-responders have a relatively low value for the therapy. As a result, it is a 

superior exchange for the manufacturer to set a steep price at the value for responders, 

at which the manufacturer knows the payer will allow only super-responders and 

responders to obtain the drug. Accepting the loss of sales to non-responders, the 

manufacturer gains profits collected from super-responders and responders. Contrasting 

the two graphs in Panel A for uniform-pricing, it becomes evident that when the non-

responder value is low, the manufacturer asks for a higher uniform-price, and the payer 

transfers less to non-responders (red area), while super-responders and responders 

secure a reduced consumer surplus than in the first scenario shown. Panel B of scenarios 

1 and 2 contrast the profit captured by the pharmaceutical industry when employing 

VBP. Adapted from Chandra and Garthwaite (492). 
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world. An initial price is set at the time of the clinical trial, which can be re-negotiated 

based on the drug’s effectiveness gathered from subsequent RWD. Greater Manchester 

will be used as the testing ground for the application of the OBP scheme in PCMs (to be 

later rolled-out across the NHS) (491). The OBP negotiated between the NHS and the 

pharmaceutical industry, should take the following metrics into account (with an 

emphasis on what is important to the patient and carer): 

• Survival 

• Relapse, recurrence, or disease progression. 

• Long-term side effects. 

• Return to normal activities. 

Though the first two outcomes are captured routinely in the clinic, currently neither long-

term side effects nor a return to normal activities are, yet it would not be difficult to 

capture these metrics. It is important that these measures are strictly objective and 

verifiable, lest there be a danger that OBP could be “gamed” by the pharmaceutical 

industry (491). 

6.4 Increasing Precision as a Treatment Strategy 

The uptake in screening has led to the greatest reduction in CRC mortality rates (205,493). 

Additionally, the different aspects of CRC treatment are also improving with increasing 

precision. 

 Laparoscopic surgery. 

Upfront costs of laparoscopic surgery are more expensive than open bowel surgery, and 

although survival and recurrence rates are similar, the downstream costs associated with 

laparoscopic surgery are much less expensive than those of open bowel surgery (203). 

Surgical robots are taking colorectal operations to the next level of precision, already 

capable of suturing bowel wounds better than the human hand (494). Coupled with AI, 

these robots can evaluate a tumour based on a large dataset of prior images, execute 

tumour excision more quickly, accurately, with fewer complications and greater dexterity 

than the human hand (495). In addition, remote surgery may be possible where there is 

no surgeon in situ. These medical efficacies should correspond with economic 
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efficiencies as costs decrease, data-driven approaches get better, and connectivity speeds 

increase (494). 

 Precision radiotherapy. 

Almost one third of CRC presents as rectal cancer, which has a poorer prognosis than 

colon cancer. Most patients are offered radiotherapy prior to surgery to encourage 

downstaging of the tumour, though total mesenteric excision alone is recommended in 

low risk patients who have been staged by MRI (496). Though differences exist across 

countries as to the timing of both radiotherapy and surgery for intermediate risk patients, 

the recommended treatment in Europe of MRI staged rectal cancer is neoadjuvant 

radiotherapy followed by surgery and adjuvant chemotherapy, while high risk patients 

are recommended neoadjuvant chemoradiotherapy in addition to surgery and adjuvant 

chemotherapy (496). The standard of care in the US differs, as long course neoadjuvant 

radiotherapy with surgery delay is favoured over northern and western European’s current 

preference of short course radiotherapy shortly followed by surgery (497,498). The 

Stockholm III phase 3 trial established that short course radiotherapy with delayed 

surgery is non-inferior to short course radiotherapy with immediate surgery. Furthermore, 

there are fewer postoperative complications with delayed surgery following radiotherapy, 

and this strategy presents an opportunity for neoadjuvant chemotherapy (497). While it is 

not always clear whether to use short course radiotherapy alone or with 

chemoradiotherapy, when chemoradiotherapy is employed, 5-FU has proven itself as a 

radiosensitizer, weakening tumour cells before the application of radiotherapy (499,500). 

Approximately 20% of patients show resistance to 5-FU/radiotherapy, and there are 

currently investigations on biomarkers which can predict response (501). Although a 

CEA of a genomic assay to guide radiotherapy decision-making in prostate cancer has 

been performed and demonstrates the cost-effectiveness of this approach, to date there 

has been no CEA of biomarker guided radiotherapy for CRC (502). 

 The Case for Reduced Dosing. 

The Oncotype DX® range of products to predict cancer recurrence (breast, colon, and 

prostate), and the intermittent therapy model can both result in the administration of less 

chemotherapeutic and/or biologic therapy to patients suffering from cancer. Cost savings 

aside, these two strategies are especially beneficial to geriatric patients and/or cancer 

patients with co-morbidities, as these patients are normally not eligible to participate in 
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clinical trials. The Oncotype DX® colon recurrence score (RS) identifies patients who are 

at low risk of colon cancer relapse (and do not need chemotherapy), and situations where 

the toxicity profile would harm susceptible elderly patients (503). Those patients with 

intermediate risk RS should have factors such as co-morbidities assessed before deciding 

on more aggressive treatment (504). Intermittent-based chemotherapies such as the 

platinum based oxaliplatin not only can increase PFS, but also do not compromise QoL 

for elderly cancer patients (505). 

 The case for genomic testing in PCM 

Given the informative data that ensued from the systematic review of MBMs and the 

other data generated in this thesis, it would be instructive to evaluate the health economic 

and policy consequences of not performing genomic testing in clinical scenarios where 

the results of a genomic test would inform a PCM therapeutic approach/intervention, with 

the resulting economic burden on patients, healthcare systems, and society in general. 

The data generated from such evaluations will also allow for the modelling of the effects 

of not performing a genomic test in other PCM indications, where a genomic test would 

help stratify patients to receive a particular therapy. Other opportunities include 

conducting research to inform pricing and reimbursement strategies, further development 

of health economic models, budget impact models, and further systematic reviews to 

increase the knowledge base of cost-effectiveness across a range of precision medicine 

indications. Developing research questions and meta- and statistical analyses for both 

health economic and real-world evidence generation, which improve HEOR evidence, 

will help provide both clinically and economically meaningful results to stimulate 

solutions to overcome the current challenges in the implementation of precision medicine, 

PCM, and the HTAs that support them. 
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7 Shooting for the Moon Versus Flying too near the Sun: 

Crossing the Value Rubicon in Precision and Personalised 

Medicine for Cancer Care 

7.1 Shooting for the Moon – the role of Precision and Personalised 

Medicine in modern cancer care 

In response to US President Obama’s call for a ‘Cancer Moonshot’ in his final State of 

the Union address, US Vice President Joe Biden convened an impressive panel of 

international leaders in cancer research, cancer care and data sciences to identify ways in 

which progress can be accelerated in curing cancer, at the recent World Economic Forum 

in Davos, Switzerland. Speaking in a session entitled ‘Cancer Moonshot: A Call to 

Action’, Vice President Biden emphasised his determination to bring together all 

stakeholders in a collaborative effort to ‘double the rate of progress; to make a decade’s 

worth of advances in the next 5 years’ (506). 

This laudable and extremely ambitious aspiration has been built on advances in PCM, 

both through targeted therapy and more recently by harnessing the patient’s immune 

system. Innovative drugs such as the tyrosine kinase (TK) inhibitor (TKI) imatinib 

mesylate (Glivec), designed to target the product of the molecular abnormality (BCR-

ABL) which is present in the malignant cells of Chronic Myeloid Leukaemia (CML) 

patients, have been extremely effective, such that TK inhibition is now the gold standard 

treatment in a disease that just 30 years ago was a death sentence for the diagnosed patient 

(507).  Further research on the activity of this TKI revealed that it also inhibited the c-kit 

oncogene,  thus opening up a therapeutic avenue for the treatment of Gastro-Intestinal 

Stromal Tumours (GIST), a malignant disease driven by c-kit activation that was 

previously unresponsive to therapeutic intervention (508,509). 

In childhood cancers, biologically-informed targeted therapeutic interventions have 

demonstrated significant impact, particularly in diseases such as childhood 

leukemia/lymphoma and neuroblastoma (510,511). Similar approaches have been 

successfully trialled in selected patient populations in other malignancies, indicating that 

a precision and personalized medicine (PPM) strategy, utilising a stratification approach 

where biomarkers underpin pre-selection of patients most likely to respond, can deliver 
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effective therapeutic interventions in a number of different cancer types (512–515). 

Furthermore, the use of stratification-type approaches to ensure that patients are spared 

the potentially debilitating side effects of treatment to which they will not respond 

therapeutically, has also been empowered by a PPM-enabled strategy. In patients with 

early breast cancer receiving chemotherapy for example, employing a 21 gene expression 

profiling test can precisely define the risk of disease recurrence, thus helping to decide 

whether the individual patient should continue to receive the more aggressive 

chemotherapy option (with its associated side effects) or be moved to the less intensive 

option of hormonal therapy (516). 

More recently, a greater understanding of the interplay between the tumour and the host 

environment has led to the development of approaches that enable the patient’s own 

immune system to help fight the tumour (517,518). This immunotherapeutic approach, 

though still somewhat embryonal in its nature, has delivered some impressive results that 

merit further evaluation, particularly with immune checkpoint inhibitors (e.g. monoclonal 

antibodies targeting cytotoxic T-lymphocyte-associated antigen 4 or programmed cell 

death protein 1), and may in some cases represent true disease cure, at least in certain 

subsets of patients within diseases such as melanoma and lung cancer (519,520). 

However, the long-term clinical experience with some of these new approaches is still 

relatively limited, and technical challenges such as the choice of appropriate biomarker(s) 

to employ to select patients for therapeutic intervention remain to be resolved (521,522).  

7.2 It’s not just drugs, you know – the role of PPM in enhancing 

radiotherapy and surgical cancer care 

While a significant focus of the newer therapeutic approaches in malignancy has been on 

the development and application of innovative medicines (and with some notable 

successes, as outlined above), it is important to remember that  radiotherapy and surgery 

are not only more widely employed, but are also in most cases the main modality of cancer 

control and cure (112,523). Thus, it is important to ensure that, in addition to the discovery 

science that underpins biologically targeted/immunotherapeutic approaches in cancer, we 

also ensure that  the insights that we gain through a more precise understanding of  

radiobiology and tumour invasion/metastasis are also translated to clinical practice, 

informing the development of more effective radiation- or surgery-based modalities of 

therapy. Thus, a more nuanced understanding of how radiation can preferentially damage 
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malignant tissue and/or home to particular tumour cells has underpinned precise 

radiotherapeutic interventions such as the use of radioisotopes, e.g. radium-223 which 

targets skeletal metastases and iodine-131 which is selectively taken up by thyroid cells 

and used to target residual (post-operatively) or disseminated thyroid cancer (524,525). It 

has also informed the development of treatment regimens, which combine radiotherapy 

with molecularly targeted agents (e.g. PARP inhibitors and EGFR monoclonal 

antibodies) (526,527), to enhance tumour radiosensitivity. From a surgical perspective, a 

more granular dissection of the key perpetrators of early tumour invasion can provide 

molecular insights that can stratify which patients receive either aggressive or organ-

sparing surgical interventions in (colo) rectal cancer (528). 

7.3 Imatinib Mesylate: Poster Child for the PPM generation  

Imatinib mesylate has been a truly practice-changing PCM intervention, becoming the 

standard-of-care for patients with CML since its introduction in 2001, and subsequently 

the treatment of choice for patients with GIST. For CML, the indices of success are 

impressive, underpinning imatinib’s status as the “poster child” for the PCM generation 

(529,530). Before imatinib, 10 year survival rates for patients with CML were <20%; 

these low percentages have now risen to >80% in the era of imatinib (531). Essentially, 

CML has become a manageable disease, with patients achieving near normal lifespans, 

provided they have access to TKIs and adhere to the appropriate dose scheduling. 

Although the drug must be taken on a daily basis, its availability as a tablet again 

highlights the transformative nature of PCM care for the CML patient.  

7.4 Flying too near the Sun: The escalating costs of cancer care 

In 2001, imatinib was priced in the United States at $30,000 (€27,600) per year (532). 

Given that there were approximately 30,000 patients with CML in the United States at 

that time and the probability that the majority of those patients received imatinib (given 

the very favourable results in clinical trials when compared with interferon), it is 

reasonable to extrapolate that approximately $850-$900M (€782,500-€828,500) revenue 

was generated by the sales of imatinib in that calendar year, thus allowing development 

costs to be recouped by 2003, based on the typical estimated cost of $2B to develop a 
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cancer drug from concept to clinic Thus, by 2004, imatinib should have been generating 

generous profits for its parent company2 (533,534). 

However, if we examine the cost of imatinib almost a decade later in 2013, the price had 

risen over three-fold to $92,000 per annum, yielding an annual profit of nearly $5B, while 

2nd and 3rd generation TKIs such as dasatinib and nilotinib were also extremely expensive, 

priced at $123,500 and $115,500 per annum in 2013 respectively (533). This clear and 

simple example reinforces what many empirical studies have now shown, namely that the 

price and cost of the fruits of PCM are what the market can bear, and not a true reflection 

of their value. And herein lies the challenge – how should our society deliver value from 

PCM? Clearly, imatinib has been a life-saver for many cancer patients, but how do we 

deal with the escalating prices? And whereas imatinib has been a true game-changer, a 

number of the new innovative drugs have extremely high price and, by objective criteria 

low clinically meaningful benefit (230). Additionally, with imatinib coming off patent in 

2016, a number of TKI generics are now appearing in both the US and Europe, with a 

20–90% lower price tag [32] , but their effect on health system prescribing and spending 

for CML treatment remains to be determined (535). 

7.5 Cost, pricing and value: a triple edged sword 

Recently, a number of papers and Commentaries in Lancet Oncology have highlighted 

not only the increasing costs of cancer medicines, but also their unequal pricing in 

different countries/regions(536–538). Vogler et al. evaluated the prices of 31 cancer 

drugs in 16 higher income European countries*, and in Australia and New Zealand (536). 

For Imatinib, ex-factory prices ranged from €15.45 per unit (Greece) to €24.39 

(Switzerland), a difference of 63.3%. Overall, the differences between the highest pricing 

country and the lowest pricing country ranged between 28% and 388%. It should be noted 

that these prices do not include payer negotiated discounts. In relation to this particular 

issue, Van Harten et al. found through a survey of members of the Organisation of 

European Cancer Institutes and Cancer Core Europe, which included 21 respondents from 

15 European countries, that the difference between the list price and the actual price could 

vary significantly, with an actual price as low as 58%  of the list price (537).  

 
2   In light of more recent evidence that it costs US$640 million to bring a cancer drug to market, imatinib 

would have begun to turn a profit in the first year of release (34). 
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Rational policy to deliver affordable and equitable cancer care cannot be made without 

greater transparency by suppliers, payers and regulators on prices and costs. In a five year 

study regarding the 51 U.S. cancer drug approvals between 2009 and 2013, Mailankody 

and Prasad have suggested that the initial and on-going pricing is not set based upon the 

costs associated with the research and development of these novel medicines, but is 

instead a reflection of free market economics, i.e. the WTP (539).  They also found little 

evidence of VBP as demonstrated increases in PFS or OS did not increase the costs of 

these innovative cancer drugs. In addressing the issues and challenges outlined above, 

there is a normative policy position that cancer health care is not simply a commodity but 

an unalienable right of citizens, as espoused in the European Cancer Patient’s Bill of 

Rights (540). In this context, pricing of cancer interventions should follow the principles 

of justum pretium, a “just price(ing)”, rather than the current starting point of “what the 

market will bear (541).” But really, it is the value perspective that we really need to 

address. Currently, the debate has been polarised; on the one side by the oft repeated 

mantra that PCM will cure all cancers, with the counter argument that all innovative drugs 

are too expensive and not effective. As with most polemical arguments, the truth lies 

somewhere in between, but we are currently hampered from making informed judgements 

by the lack of an appropriate tool kit that measures the true value of a therapeutic 

intervention. Thankfully, this problem may have been at least partially solved, in 

particular by the recent development by the ESMO of an “ESMO magnitude of clinical 

benefit scale” tool (230). This tool has already shown its potential in an evaluation of over 

70 cancer clinical trials that were described as “management” or “practice” changing. 

While 44% of the trials could be considered transformative, the remaining 56% showed 

low magnitudes of clinical benefit, emphasising the capacity of this tool to measure true 

value (230,542). While the ESMO magnitude of clinical benefit scale is not perfect (it 

does not include cost effectiveness in its algorithm for example), it represents a significant 

step forward in value-based decision making. If decision making is based more on value 

rather than on politics and price, then PCM can become an important and relevant 

component of modern cancer control. 

7.6 Conclusion 

Cancer is the primary cause of premature death in 28 of 53 European nations (543). The 

aging patient demographic means that the incidence of cancer is on an upward trajectory 

and as such will place an ever-increasing burden on health and social welfare systems in 
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Europe. The premature morbidity and mortality associated with cancer also represents a 

significant loss in productivity for our society. Thus, it is vital that we continue to employ 

discovery science to unlock the complexities that transform a normal cell into a cancer 

cell and use this information to inform preventative medicine as well as interventional 

treatment strategies. But it is also incumbent on us to ensure that the solutions that we 

develop are accessible to all members of our society, not just those who can pay the 

market price. Thus, in crossing the “Value Rubicon”, we must ensure that our processes 

to define value are fair and transparent and deliver equitable solutions that are both 

innovative and affordable, maximizing their ability to be adopted by health care 

professionals. Optimising the value of innovation within cancer control pathways will 

ultimately provide the best standard of care for our patients.



Chapter 8  Bibliography 

164 
 

8 Bibliography 

1.  European Alliance for Personalised Medicine. Integrating Personalised Medicine into 

EU Strategy [Internet]. Brussels; 2014. Available from: 

http://europauomo.sk/docs/EAPM Annual Conference Report Integrating Personalised 

Medicine into the EU Health Strategy.pdf 

2.  Yates LR, Seoane J, Le Tourneau C, Siu LL, Marais R, Michiels S, et al. The European 

Society for Medical Oncology (ESMO) Precision Medicine Glossary. Ann Oncol. 

2018;29(1):30–5.  

3.  Mestre-Ferrandiz J, Sussex J, Towse A. The R & D Cost of a New Medicine. 2012.  

4.  Burns LC, Orsini L, L’Italien G. Value-based assessment of pharmacodiagnostic testing 

from early stage development to real-world use. Value Heal [Internet]. 2013;16(6 

SUPPL.):S16–9. Available from: http://dx.doi.org/10.1016/j.jval.2013.06.007 

5.  The Academy of Medical Sciences. Realising the potential of stratified medicine. The 

Academy of Medical Sciences. 2013.  

6.  König IR, Fuchs O, Hansen G, von Mutius E, Kopp M V. What is precision medicine? 

Eur Respir J [Internet]. 2017;50(4):1–12. Available from: 

http://dx.doi.org/10.1183/13993003.00391-2017 

7.  Aronson SJ, Rehm HL. Building the foundation for genomics in precision medicine. 

Nature. 2015;526(7573):336–42.  

8.  National Health Service. The Topol review: prepating the healthcare workforce to 

deliver the digital future [Internet]. 2019. Available from: https://topol.hee.nhs.uk/wp-

content/uploads/HEE-Topol-Review-2019.pdf 

9.  Kumar-Sinha C, Chinnaiyan AM. Precision oncology in the age of integrative genomics. 

Nat Biotechnol. 2018;36(1):46–60.  

10.  Mukherjee S. The Emperor of All Maladies: A Biography of Cancer. London: Fourth 

Estate; 2010. 1–571 p.  

11.  Early Breast Cancer Trialists’ Collaborative Group. Tamoxifen for early breast cancer: 

an overview of the randomised trials. Lancet [Internet]. 1998;351(9114):1451–67. 

Available from: http://www.ncbi.nlm.nih.gov/pubmed/9605801 

12.  Frazier M, Gibbs RA, Muzny DM, Scherer SE, Bouck JB, Sodergren EJ, et al. Initial 

sequencing and analysis of the human genome. Nature [Internet]. 2001;409(6822):860–

921. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/11237011?ordinalpos=4&itool=EntrezSystem2.P

Entrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum 

13.  Johnson MR, Hageboutros A, Wang K, High L, Smith JB, Diasio RB. Life-threatening 

toxicity in a dihydropyrimidine dehydrogenase-deficient patient after treatment with 

topical 5-fluorouracil. Clin Cancer Res. 1999;5(8):2006–11.  

14.  Del Re M, Michelucci A, Di Leo A, Cantore M, Bordonaro R, Simi P, et al. Discovery 

of novel mutations in the dihydropyrimidine dehydrogenase gene associated with 

toxicity of fluoropyrimidines and viewpoint on preemptive pharmacogenetic screening in 

patients. EPMA J [Internet]. 2015;6(1):4–8. Available from: 

http://dx.doi.org/10.1186/s13167-015-0039-x 

15.  Los M, Roodhart JML, Voest EE. Target Practice: Lessons from Phase III Trials with 

Bevacizumab and Vatalanib in the Treatment of Advanced Colorectal Cancer. 



Chapter 8  Bibliography 

165 
 

Oncologist. 2007;12(4):443–50.  

16.  Sorich MJ, Wiese MD, Rowland A, Kichenadasse G, McKinnon RA, Karapetis CS. 

Extended RASmutations and anti-EGFR monoclonal antibody survival benefit in 

metastatic colorectal cancer: a meta-analysis of randomized, controlled trials. Ann Oncol 

[Internet]. 2014;26(1):13–21. Available from: http://dx.doi.org/10.1093/annonc/mdu378 

17.  Syn NL, Teng MWL, Mok TSK, Soo RA. De-novo and acquired resistance to immune 

checkpoint targeting. Lancet Oncol. 2017;18(12):e731–41.  

18.  Sadelain M, Brentjens R, Rivière I. The basic principles of chimeric antigen receptor 

design. Cancer Discov. 2013;3(4):388–98.  

19.  Giarelli E. Cancer Vaccines: A New Frontier in Prevention and Treatment [Internet]. 

Oncology (Williston Park, N.Y.)2. 2007 [cited 2019 Mar 4]. Available from: 

https://www.cancernetwork.com/aids-related-tumors/cancer-vaccines-new-frontier-

prevention-and-treatment 

20.  National Institute for Health. ClinicalTrials.gov [Internet]. 2019 [cited 2019 Mar 4]. 

Available from: https://clinicaltrials.gov/ 

21.  Ferlay, J, Ervik, M, Lam, F, Colombet, M, Mery, L, Piñeros, M, Znaor, A, 

Soerjomataram, I, Bray F. Global Cancer Observatory: Cancer Today [Internet]. 

International Agency for Research on Cancer. 2018. Available from: 

https://gco.iarc.fr/today 

22.  Stewart, B. W., Wild CP. World Cancer Report 2014 - WHO - OMS -. IARC Nonserial 

Publ [Internet]. 2014;630. Available from: 

http://apps.who.int/bookorders/anglais/detart1.jsp?codlan=1&codcol=76&codcch=31 

23.  Luengo-Fernandez R, Leal J, Gray A, Sullivan R. Economic burden of cancer across the 

European Union: a population-based cost analysis. Lancet Oncol [Internet]. 

2013;14(12):1165–74. Available from: http://dx.doi.org/10.1016/s1470-2045(13)70442-

x 

24.  Claxton K, Briggs A, Buxton MJ, Culyer AJ, McCabe C, Walker S, et al. Value based 

pricing for NHS drugs: an opportunity not to be missed? Bmj. 2008;336(7638):251–4.  

25.  Sullivan R, Peppercorn J, Sikora K, Zalcberg J, Meropol NJ, Amir E, et al. Delivering 

affordable cancer care in high-income countries. Lancet Oncol [Internet]. 

2011;12(10):933–80. Available from: http://www.ncbi.nlm.nih.gov/pubmed/21958503 

26.  Arrow KJ. Uncertainty and The Welfare Economics of Medical Care. J Health Polit 

Policy Law. 2005;26(5):851–83.  

27.  Jönsson B, Ramsey S, Wilking N. Cost effectiveness in practice and its effect on clinical 

outcomes. J Cancer Policy [Internet]. 2014;2(1):12–21. Available from: 

http://dx.doi.org/10.1016/j.jcpo.2014.02.001 

28.  Dolgin E. Bringing down the cost of cancer treatment. [Internet]. Nature. 2018 [cited 

2018 Nov 16]. p. S26–9. Available from: https://www.nature.com/articles/d41586-018-

02483-3 

29.  BIS. Global precision medicine market 2026 [Internet]. 2017. Available from: 

https://bisresearch.com/industry-report/global-precision-medicine-market-2026.html 

30.  Howard DH, Bach PB, Berndt ER, Conti RM. Pricing in the Market for Anticancer 

Drugs. J Econ Perspect [Internet]. 2015;29(1):139–62. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/28441702 

31.  Uyl-de Groot CA, de Vries EGE, Verweij J, Sullivan R. Dispelling the myths around 



Chapter 8  Bibliography 

166 
 

cancer care delivery: It’s not all about costs. J Cancer Policy [Internet]. 2014;2(1):22–9. 

Available from: http://dx.doi.org/10.1016/j.jcpo.2014.01.001 

32.  Goozner M. A Much-Needed Corrective on Drug Development CostsMuch-Needed 

Corrective on Drug Development CostsResearch. JAMA Intern Med [Internet]. 2017 

Nov 1;177(11):1575–6. Available from: 

https://doi.org/10.1001/jamainternmed.2017.4997 

33.  DiMasi JA, Grabowski HG, Hansen RW. Innovation in the pharmaceutical industry: 

New estimates of R&D costs. J Health Econ [Internet]. 2016;47:20–33. Available from: 

http://dx.doi.org/10.1016/j.jhealeco.2016.01.012 

34.  Prasad V, Mailankody S. Research and development spending to bring a single cancer 

drug to market and revenues after approval. JAMA Intern Med. 2017;177(11):1569–75.  

35.  Berndt, Ernst R. Trusheim MR. The Information Pharms Race and Competitive 

Dynamics of Precision Medicine : Insights from Game Theory. In: Economic 

Dimensions of Personalized and Precision Medicine. National Bureau of Economic 

Research, Inc; 2018. p. 87–114.  

36.  Reck M, Rodríguez-Abreu D, Robinson AG, Hui R, Csőszi T, Fülöp A, et al. 

Pembrolizumab versus Chemotherapy for PD-L1-Positive Non-Small-Cell Lung Cancer. 

N Engl J Med [Internet]. 2016;375(19):1823–33. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/27718847 

37.  Schrag D. The Price Tag on Progress — Chemotherapy for Colorectal Cancer. N Engl J 

Med. 2004;351(4):317–9.  

38.  National Institute for Health and Clinical Excellence (NICE). Final appraisal 

determination. Cetuximab for the treatment of recurrent and/or metastatic squamous cell 

cancer of the head and neck [Internet]. NICE. 2009 [cited 2018 Dec 15]. Available from: 

https://www.nice.org.uk/guidance/ta473/documents/final-appraisal-determination-

document-2 

39.  Fu J, Liu Y, Lin H, Wu B. Economic Evaluations of Tyrosine Kinase Inhibitors for 

Patients with Chronic Myeloid Leukemia in Middle- and High-Income Countries: A 

Systematic Review. Clin Drug Investig [Internet]. 2018;38(12):1167–78. Available 

from: https://doi.org/10.1007/s40261-018-0706-5 

40.  Gordois A, Scuffham P, Warren E, Ward S. Cost-utility analysis of imatinib mesilate for 

the treatment of advanced stage chronic myeloid leukaemia. Br J Cancer. 

2003;89(4):634–40.  

41.  Chan ALF, Leung HWC, Lu CL, Lin SJ. Cost-effectiveness of trastuzumab as adjuvant 

therapy for early breast cancer: A systematic review. Ann Pharmacother. 

2009;43(2):296–303.  

42.  Hall PS, Hulme C, McCabe C, Oluboyede Y, Round J, Cameron DA. Updated cost-

effectiveness analysis of trastuzumab for early breast cancer: a UK perspective 

considering duration of benefit, long-term toxicity and pattern of recurrence. 

Pharmacoeconomics [Internet]. 2011;29(5):415–32. Available from: 

http://onlinelibrary.wiley.com/o/cochrane/cleed/articles/NHSEED-

22011000854/frame.html%0Ahttp://ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=refere

nce&D=med7&NEWS=N&AN=21504241%0Ahttp://ovidsp.ovid.com/ovidweb.cgi?T=J

S&PAGE=reference&D=emed13&NEWS=N&AN=361640413 

43.  Lange A, Prenzler A, Frank M, Golpon H, Welte T, von der Schulenburg JM. A 

systematic review of the cost-effectiveness of targeted therapies for metastatic non-small 

cell lung cancer (NSCLC). BMC Pulm Med. 2014;14(1).  



Chapter 8  Bibliography 

167 
 

44.  Brown T, Boland A, Bagust A, Oyee J, Hockenhull J, Dundar Y, et al. Gefitinib for the 

first-line treatment of locally advanced or metastatic non-small cell lung cancer. Health 

Technol Assess. 2010;14(Suppl. 2):71–9.  

45.  Huang M, Lou Y, Pellissier J, Burke T, Liu FX, Xu R, et al. Cost-effectiveness of 

pembrolizumab versus docetaxel for the treatment of previously treated PD-L1 positive 

advanced NSCLC patients in the United States. J Med Econ [Internet]. 2017 Feb 

1;20(2):140–50. Available from: https://doi.org/10.1080/13696998.2016.1230123 

46.  Prasad V, McCabe C, Mailankody S. Low-value approvals and high prices might 

incentivize ineffective drug development. Nat Rev Clin Oncol [Internet]. 

2018;15(7):399–400. Available from: http://dx.doi.org/10.1038/s41571-018-0030-2 

47.  Cohen D. Most drugs paid for by £1.27bn Cancer Drugs Fund had no “meaningful 

benefit.” BMJ [Internet]. 2017;357:j2097. Available from: 

http://dx.doi.org/doi:10.1136/bmj.j2097 

48.  Timmins N. At last , NICE to take over the Cancer Drugs Fund. BMJ  Br Med J 

[Internet]. 2016;1324(March):2015–6. Available from: 

http://dx.doi.org/doi:10.1136/bmj.i1324 

49.  Briggs A, Claxton K, Sculpher M. Decision Modelling for Health Economic Evaluation. 

2011th ed. Oxford: OUP; 2007. 1–231 p.  

50.  Appleby J, Devlin N, Parkin D. NICE’S cost effectiveness threshold. Br Med J. 

2007;335(7616):358–9.  

51.  Barham L. Three NICE thresholds for cost-effectiveness: does that make sense? 

[Internet]. Pharmaphorum. 2018 [cited 2019 Feb 11]. Available from: 

https://pharmaphorum.com/views-and-analysis/three-nice-thresholds-for-cost-

effectiveness-does-that-make-sense/ 

52.  Devlin N, Lorgelly P. QALYs as a measure of value in cancer. J Cancer Policy 

[Internet]. 2017;11:19–25. Available from: 

http://www.embase.com/search/results?subaction=viewrecord&from=export&id=L6135

00563%0Ahttp://dx.doi.org/10.1016/j.jcpo.2016.09.005 

53.  Leigh S, Granby P. A Tale of Two Thresholds: A Framework for Prioritization within 

the Cancer Drugs Fund. Value Heal [Internet]. 2016;19(5):567–76. Available from: 

http://dx.doi.org/10.1016/j.jval.2016.02.016 

54.  Holmes D. Report triggers quibbles over QALYs, a staple of health metrics. Nat Med 

[Internet]. 2013;19(3):248–248. Available from: http://dx.doi.org/10.1038/nm0313-248 

55.  Chawla A, Janku F, Wheler JJ, Miller VA, Ryan J, Anhorn R, et al. Estimated Cost of 

Anticancer Therapy Directed by Comprehensive Genomic Profiling in a Single-Center 

Study. JCO Precis Oncol. 2018;(2):1–11.  

56.  Garrison LP, Kamal-Bahl S, Towse A. Toward a Broader Concept of Value: Identifying 

and Defining Elements for an Expanded Cost-Effectiveness Analysis. Value Heal 

[Internet]. 2017;20(2):213–6. Available from: 

http://dx.doi.org/10.1016/j.jval.2016.12.005 

57.  Towse A, Ossa D, Veenstra D, Carlson J, Garrison L. Understanding the economic value 

of molecular diagnostic tests: Case studies and lessons learned. J Pers Med [Internet]. 

2013;3(4):288–305. Available from: http://www.mdpi.com/2075-4426/3/4/288/ 

58.  Milne C-P, Garafalo S, Bryan C, McKiernan M. Trial watch: Personalized medicines in 

late-stage development. Nat Rev Drug Discov [Internet]. 2014;13(5):324–5. Available 

from: http://www.nature.com/doifinder/10.1038/nrd4325 



Chapter 8  Bibliography 

168 
 

59.  Towse A, Garrison L. Value assessment in precision cancer medicine. J Cancer Policy. 

2017;11:48–53.  

60.  Tiriveedhi V. Impact of Precision Medicine on Drug Repositioning and Pricing: A Too 

Small to Thrive Crisis. J Pers Med. 2018;8(4):36.  

61.  Arnold M, Sierra MS, Laversanne M, Soerjomataram I, Jemal A, Bray F. Global patterns 

and trends in colorectal cancer incidence and mortality. Gut. 2017;66(4):683–91.  

62.  Munro AJ. Comparative cancer survival in European countries. Br Med Bull. 

2014;110(1):5–22.  

63.  Aran V, Victorino AP, Thuler LC, Ferreira CG. Colorectal Cancer: Epidemiology, 

Disease Mechanisms and Interventions to Reduce Onset and Mortality. Clin Colorectal 

Cancer [Internet]. 2016;15(3):195–203. Available from: 

http://dx.doi.org/10.1016/j.clcc.2016.02.008 

64.  Levine JS, Ahnen DJ. Adenomatous Polyps of the Colon — NEJM. N Engl J Med 

[Internet]. 2012;6(8):2551–7. Available from: 

http://www.nejm.org/doi/full/10.1056/NEJMcp063038 

65.  Dunne PD, McArt DG, Bradley CA, O’Reilly PG, Barrett HL, Cummins R, et al. 

Challenging the Cancer Molecular Stratification Dogma: Intratumoral Heterogeneity 

Undermines Consensus Molecular Subtypes and Potential Diagnostic Value in 

Colorectal Cancer. Clin Cancer Res [Internet]. 2016;22(16):4095–104. Available from: 

http://dx.doi.org/10.1158/1078-0432.ccr-16-0032 

66.  Fodde R, Smits R, Clevers H. APC review. 2001;1(October).  

67.  Cancer Research UK. Number stages | Bowel cancer. [Internet]. 2019 [cited 2019 Mar 

5]. Available from: https://www.cancerresearchuk.org/about-cancer/bowel-

cancer/stages-types-and-grades/number-staging 

68.  National Institute for Health and Care Excellence. Colorectal cancer: the diagnosis and 

management of colorectal cancer. Clinical Guideline. Color Cancer [Internet]. 

2011;(November):1–186. Available from: 

http://doi.wiley.com/10.1002/9781118337929.index%5Cnpapers3://publication/doi/10.1

002/9781118337929.index 

69.  Singh T, Amirtham U, Satheesh CT, Lakshmaiah KC, Suresh TM, Babu KG, et al. 

Floor-of-mouth metastasis in colorectal cancer. Ann Saudi Med. 2011;31(1):87–9.  

70.  You YN, Rustin RB, Sullivan JD. Oncotype DX® colon cancer assay for prediction of 

recurrence risk in patients with stage II and III colon cancer: A review of the evidence. 

Surg Oncol [Internet]. 2015;24(2):61–6. Available from: 

http://dx.doi.org/10.1016/j.suronc.2015.02.001 

71.  Cancer Research UK. Bowel cancer survival statistics. [Internet]. 2019 [cited 2019 Apr 

4]. Available from: https://www.cancerresearchuk.org/health-professional/cancer-

statistics/statistics-by-cancer-type/bowel-cancer/survival#heading-Three 

72.  Cancer Research UK. Bowel cancer screening [Internet]. 2019 [cited 2019 Oct 21]. 

Available from: https://www.cancerresearchuk.org/about-cancer/bowel-cancer/getting-

diagnosed/screening 

73.  Information Services Division Scotland. Scottish Bowel Screening Programme Statistics. 

[Internet]. 2018 [cited 2019 Apr 5]. Available from: https://www.isdscotland.org/Health-

Topics/Cancer/Publications/2018-08-07/2018-08-07-Bowel-Screening-Publication-

Report.pdf?95512026549 

74.  National Institute for Health and Clinical Excellence (NICE). Quantitative faecal 



Chapter 8  Bibliography 

169 
 

immunochemical tests to guide referral for colorectal cancer in primary care [Internet]. 

2017 [cited 2019 Apr 5]. Available from: https://www.nice.org.uk/guidance/dg30 

75.  van Rossum LG, van Rijn AF, Laheij RJ, van Oijen MG, Fockens P, van Krieken HH, et 

al. Random Comparison of Guaiac and Immunochemical Fecal Occult Blood Tests for 

Colorectal Cancer in a Screening Population. Gastroenterology. 2008;135(1):82–90.  

76.  Doubeni CA, Corley DA, Quinn VP, Jensen CD, Zauber AG, Goodman M, et al. 

Effectiveness of screening colonoscopy in reducing the risk of death from right and left 

colon cancer: A large community-based study. Gut. 2018;67(2):291–8.  

77.  Thompson BS, Coory MD, Gordon LG, Lumley JW. Cost savings for elective 

laparoscopic resection compared with open resection for colorectal cancer in a region of 

high uptake. Surg Endosc. 2014;28(5):1515–21.  

78.  Deijen CL, Vasmel JE, de Lange-de Klerk ESM, Cuesta MA, Coene P-PLO, Lange JF, 

et al. Ten-year outcomes of a randomised trial of laparoscopic versus open surgery for 

colon cancer. Surg Endosc. 2016;31(6):2607–15.  

79.  Ohtani H, Tamamori Y, Arimoto Y, Nishiguchi Y, Maeda K, Hirakawa K. A Meta-

analysis of the Short- and Long-Term Results of Randomized Controlled Trials That 

Compared Laparoscopy-Assisted and Conventional Open Surgery for Rectal Cancer. J 

Gastrointest Surg [Internet]. 2011;15(8):1375–85. Available from: 

http://ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=emed13&NEWS=N&

AN=51415888 

80.  Byrne BE, Vincent CA, Faiz OD. Inequalities in Implementation and Different 

Outcomes During the Growth of Laparoscopic Colorectal Cancer Surgery in England: A 

National Population-Based Study from 2002 to 2012. World J Surg [Internet]. 

2018;42(10):3422–31. Available from: https://doi.org/10.1007/s00268-018-4615-9 

81.  Taylor EF, Thomas JD, Whitehouse LE, Quirke P, Jayne D, Finan PJ, et al. Population-

based study of laparoscopic colorectal cancer surgery 2006-2008. Br J Surg. 

2013;100(4):553–60.  

82.  Martínez-Pérez A, Carra MC, Brunetti F, De’Angelis N. Pathologic outcomes of 

laparoscopic vs open mesorectal excision for rectal cancer: A systematic review and 

meta-analysis. JAMA Surg. 2017;152(4).  

83.  Gong T, Wang T. Laparoscopic surgery for colorectal cancer. World Chinese J Dig. 

2010;18(20):2121–6.  

84.  Polat F, Willems LH, Dogan K, Rosman C. The oncological and surgical safety of robot-

assisted surgery in colorectal cancer: outcomes of a longitudinal prospective cohort 

study. Surg Endosc [Internet]. 2019;0(0):0. Available from: 

http://dx.doi.org/10.1007/s00464-018-06653-2 

85.  Sheng S, Zhao T, Wang X. Comparison of robot-assisted surgery, laparoscopic-assisted 

surgery, and open surgery for the treatment of colorectal cancer. Medicine (Baltimore). 

2018;97(34):e11817.  

86.  Marrugo-Ramírez J, Mir M, Samitier J. Blood-Based Cancer Biomarkers in Liquid 

Biopsy: A Promising Non-Invasive Alternative to Tissue Biopsy. Int J Mol Sci. 

2018;19(10):2877.  

87.  Yothers G, O’Connell MJ, Lee M, Lopatin M, Clark-Langone KM, Millward C, et al. 

Validation of the 12-gene colon cancer Recurrence Score in NSABP C-07 as a predictor 

of recurrence in patients with stage II and III colon cancer treated with fluorouracil and 

leucovorin (FU/LV) and FU/LV plus oxaliplatin. J Clin Oncol. 2013;31(36):4512–9.  



Chapter 8  Bibliography 

170 
 

88.  Cancer Research UK. Bowel cancer incidence statistics [Internet]. 2019 [cited 2018 Dec 

24]. Available from: https://www.cancerresearchuk.org/health-professional/cancer-

statistics/statistics-by-cancer-type/bowel-cancer/incidence#heading-Three 

89.  Kopetz S, Chang GJ, Overman MJ, Eng C, Sargent DJ, Larson DW, et al. Improved 

survival in metastatic colorectal cancer is associated with adoption of hepatic resection 

and improved chemotherapy. J Clin Oncol. 2009;27(22):3677–83.  

90.  National Institute for Health and Clinical Excellence (NICE). Overview | Molecular 

testing strategies for Lynch syndrome in people with colorectal cancer | Guidance | 

NICE. [Internet]. Diagnostics guidance [DG27]. 2017 [cited 2019 May 1]. Available 

from: https://www.nice.org.uk/guidance/dg27 

91.  Le DT, Kavan P, Kim TW, Burge ME, Van Cutsem E, Hara H, et al. KEYNOTE-164: 

Pembrolizumab for patients with advanced microsatellite instability high (MSI-H) 

colorectal cancer. J Clin Oncol [Internet]. 2018 May 20;36(15_suppl):3514. Available 

from: https://doi.org/10.1200/JCO.2018.36.15_suppl.3514 

92.  Tsuchida N, Murugan AK, Grieco M. Kirsten Ras* oncogene: Significance of its 

discovery in human cancer research. Oncotarget. 2016;7(29).  

93.  Turski ML, Vidwans SJ, Janku F, Garrido-Laguna I, Munoz J, Schwab R, et al. 

Genomically Driven Tumors and Actionability across Histologies: BRAF-Mutant 

Cancers as a Paradigm. Mol Cancer Ther. 2016;15(4):533–47.  

94.  Van Emburgh BO, Sartore-Bianchi A, Di Nicolantonio F, Siena S, Bardelli A. Acquired 

resistance to EGFR-targeted therapies incolorectal cancer. Mol Oncol [Internet]. 

2014;8(6):1084–94. Available from: http://dx.doi.org/10.1016/j.molonc.2014.05.003 

95.  Figueroa-Magalhães MC, Jelovac D, Connolly RM, Wolff AC. Treatment of HER2-

positive breast cancer. The Breast [Internet]. 2014;23(2):128–36. Available from: 

http://www.sciencedirect.com/science/article/pii/S0960977613003007 

96.  Sartore-Bianchi A, Trusolino L, Martino C, Bencardino K, Lonardi S, Bergamo F, et al. 

Dual-targeted therapy with trastuzumab and lapatinib in treatment-refractory, KRAS 

codon 12/13 wild-type, HER2-positive metastatic colorectal cancer (HERACLES): a 

proof-of-concept, multicentre, open-label, phase 2 trial. Lancet Oncol [Internet]. 

2016;17(6):738–46. Available from: http://dx.doi.org/10.1016/S1470-2045(16)00150-9 

97.  Le DT, Uram JN, Wang H, Bartlett B, Kemberling H, Eyring A, et al. PD-1 blockade in 

tumors with mismatch repair deficiency. J Clin Oncol. 2017;33(18_suppl):LBA100–

LBA100.  

98.  Schrock AB, Ouyang C, Sandhu J, Sokol E, Jin D, Ross JS, et al. Tumor mutational 

burden is predictive of response to immune checkpoint inhibitors in MSI-high metastatic 

colorectal cancer. Ann Oncol [Internet]. 2019;(April):1–8. Available from: 

https://academic.oup.com/annonc/advance-article/doi/10.1093/annonc/mdz134/5482063 

99.  Myers MB, Banda M, McKim KL, Wang Y, Powell MJ, Parsons BL. Breast Cancer 

Heterogeneity Examined by High-Sensitivity Quantification of PIK3CA, KRAS, HRAS, 

and BRAF Mutations in Normal Breast and Ductal Carcinomas. Neoplasia (United 

States) [Internet]. 2016;18(4):253–63. Available from: 

http://dx.doi.org/10.1016/j.neo.2016.03.002 

100.  Hause RJ, Pritchard CC, Shendure J, Salipante SJ. Classification and characterization of 

microsatellite instability across 18 cancer types. Nat Med. 2016;22(11):1342–50.  

101.  Greaves M. Evolutionary determinants of cancer. Cancer Discov. 2015;5(8):806–21.  

102.  McGranahan N, Swanton C. Clonal Heterogeneity and Tumor Evolution: Past, Present, 



Chapter 8  Bibliography 

171 
 

and the Future. Cell. 2017;168(4):613–28.  

103.  Gatenby RA, Silva AS, Gillies RJ, Frieden BR. Adaptive therapy. Cancer Res. 

2009;69(11):4894–903.  

104.  Maughan TS, James RD, Kerr DJ, Ledermann JA, Seymour MT, Topham C, et al. 

Comparison of intermittent and continuous palliative chemotherapy for advanced 

colorectal cancer: a multicentre randomised trial. Lancet [Internet]. 

2003;361(9356):457–64. Available from: http://dx.doi.org/10.1016/s0140-

6736(03)12461-0 

105.  Siravegna G, Mussolin B, Buscarino M, Corti G, Cassingena A, Crisafulli G, et al. 

Clonal evolution and resistance to EGFR blockade in the blood of colorectal cancer 

patients. Nat Med. 2015;21(7):795–801.  

106.  Barault L, Amatu A, Siravegna G, Ponzetti A, Moran S, Cassingena A, et al. Discovery 

of methylated circulating DNA biomarkers for comprehensive non-invasive monitoring 

of treatment response in metastatic colorectal cancer. Gut. 2018;67(11):1995–2005.  

107.  Normanno N, Cervantes A, Ciardiello F, De Luca A, Pinto C. The liquid biopsy in the 

management of colorectal cancer patients: Current applications and future scenarios. 

Cancer Treat Rev. 2018;70(July):1–8.  

108.  Montagut C, Audhuy F, Santini D, Siena S, Taieb J, Wainberg ZA, et al. Optimising the 

use of cetuximab in the continuum of care for patients with metastatic colorectal cancer. 

ESMO Open. 2018;3(4):e000353.  

109.  Wasan H, Meade AM, Adams R, Wilson R, Pugh C, Fisher D, et al. Intermittent 

chemotherapy plus either intermittent or continuous cetuximab for first-line treatment of 

patients with KRAS wild-type advanced colorectal cancer (COIN-B): a randomised 

phase 2 trial. Lancet Oncol [Internet]. 2014;15(6):631–9. Available from: 

http://dx.doi.org/10.1016/s1470-2045(14)70106-8 

110.  Ferlay J, Soerjomataram I, Dikshit R, Eser S, Mathers C, Rebelo M, et al. Cancer 

incidence and mortality worldwide: Sources, methods and major patterns in 

GLOBOCAN 2012. Int J Cancer [Internet]. 2014;136(5):E359–86. Available from: 

http://dx.doi.org/10.1002/ijc.29210 

111.  Allemani C, Matsuda T, Carlo V Di, Harewood R, Matz M, Nikšić M, et al. Global 

surveillance of trends in cancer survival 2000 – 14 ( CONCORD-3 ): analysis of 

individual records for 37 513 025 patients diagnosed with one of 18 cancers from 322 

population-based registries in 71 countries. Lancet. 2018;14(17).  

112.  Ferlay J, Steliarova-Foucher E, Lortet-Tieulent J, Rosso S, Coebergh JWW, Comber H, 

et al. Cancer incidence and mortality patterns in Europe: Estimates for 40 countries in 

2012. Eur J Cancer [Internet]. 2013;49(6):1374–403. Available from: 

http://dx.doi.org/10.1016/j.ejca.2012.12.027 

113.  Cancer Research UK. Bowel cancer statistics [Internet]. Cancer Research UK. 2019 

[cited 2019 Mar 11]. Available from: https://www.cancerresearchuk.org/health-

professional/cancer-statistics/statistics-by-cancer-type/bowel-cancer 

114.  European Commission. Causes of death - deaths by country of residence and occurrence 

[Internet]. Eurostat. 2015 [cited 2019 Mar 11]. Available from: 

http://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=hlth_cd_aro&lang=en 

115.  NCBI. Genetic Testing Registry [Internet]. National Institute for Health. 2019 [cited 

2019 Mar 11]. Available from: https://www.ncbi.nlm.nih.gov/gtr/ 

116.  Holtzman NA. Promoting Safe and Effective Genetic Tests in the United States : Work 



Chapter 8  Bibliography 

172 
 

of the Task Force on Genetic Testing. Clin Chem. 1999;45(5):732–8.  

117.  Phillips KA, Ann Sakowski J, Trosman J, Douglas MP, Liang S-Y, Neumann P. The 

economic value of personalized medicine tests: what we know and what we need to 

know. Genet Med [Internet]. 2013;16(3):251–7. Available from: 

http://dx.doi.org/10.1038/gim.2013.122 

118.  Sepulveda AR, Hamilton SR, Allegra CJ, Grody W, Cushman-Vokoun AM, Funkhouser 

WK, et al. Molecular Biomarkers for the Evaluation of Colorectal Cancer: Guideline 

From the American Society for Clinical Pathology, College of American Pathologists, 

Association for Molecular Pathology, and the American Society of Clinical Oncology. J 

Clin Oncol [Internet]. 2017;35(13):1453–86. Available from: 

http://dx.doi.org/10.1200/jco.2016.71.9807 

119.  Oosterhoff M, van der Maas ME, Steuten LMG. A Systematic Review of Health 

Economic Evaluations of Diagnostic Biomarkers. Appl Health Econ Health Policy 

[Internet]. 2015; Available from: http://link.springer.com/10.1007/s40258-015-0198-x 

120.  Prospero. Genetic biomarkers in metastatic colorectal cancer: a systematic review of 

health economic analyses [Internet]. National Institute for Health Research. 2016 [cited 

2019 Mar 11]. Available from: 

https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=38046 

121.  Husereau D, Drummond M, Petrou S, Carswell C, Moher D, Greenberg D, et al. 

Consolidated Health Economic Evaluation Reporting Standards (CHEERS) statement. 

BMC Med [Internet]. 2013;11(1):1–6. Available from: http://dx.doi.org/10.1186/1741-

7015-11-80 

122.  National Institute for Health. A to Z List of Cancer Drugs [Internet]. National Cancer 

Institute. 2019 [cited 2019 Mar 13]. Available from: https://www.cancer.gov/about-

cancer/treatment/drugs/ 

123.  National Institute for Health and Clinical Excellence (NICE). Technology appraisal 

processes [Internet]. NICE. 2019 [cited 2019 Mar 13]. Available from: 

https://www.nice.org.uk/about/what-we-do/our-programmes/nice-guidance/nice-

technology-appraisal-guidance/process 

124.  European Medicines Agency. What we publish on medicines and when [Internet]. EMA. 

2019 [cited 2019 Mar 13]. Available from: 

https://www.ema.europa.eu/en/medicines/what-we-publish-medicines-when 

125.  Goldstein DA, Chen Q, Ayer T, Howard DH, Lipscomb J, Harvey RD, et al. Cost 

Effectiveness Analysis of Pharmacokinetically-Guided 5-Fluorouracil in FOLFOX 

Chemotherapy for Metastatic Colorectal Cancer. Clin Colorectal Cancer [Internet]. 

2014;13(4):219–25. Available from: http://dx.doi.org/10.1016/j.clcc.2014.09.007 

126.  Kawakami H, Zaanan A, Sinicrope FA. Implications of mismatch repair-deficient status 

on management of early stage colorectal cancer. J Gastrointest Oncol. 2015;6(2):676–84.  

127.  von Borstel R, O’Neil JD, Saydoff JA, Bamat MK. Uridine triacetate for lethal 5-FU 

toxicity due to dihydropyrimidine dehydrogenase (DPD) deficiency. J Clin Oncol 

[Internet]. 2010 May 20;28(15_suppl):e13505–e13505. Available from: 

https://doi.org/10.1200/jco.2010.28.15_suppl.e13505 

128.  Yajima S, Shimizu H, Sakamaki H, Ikeda S, Ikegami N, Murayama J. Real-world cost 

analysis of chemotherapy for colorectal cancer in Japan : detailed costs of various 

regimens during the entire course of chemotherapy. BMC Health Serv Res [Internet]. 

2016;1–10. Available from: http://dx.doi.org/10.1186/s12913-015-1253-x 

129.  Palomaki GE, Bradley L a, Douglas MP, Kolor K, Dotson WD. Can UGT1A1 



Chapter 8  Bibliography 

173 
 

genotyping reduce morbidity and mortality in patients with metastatic colorectal cancer 

treated with irinotecan? An evidence-based review. Genet Med. 2009;11(1):21–34.  

130.  Srivastava, G, Renfro, LA, Behrens, RJ, Lopatin, M, Chao, C, Soori, GS, Dakhil, SR, 

Mowat, RB, Kuebler, JP, Kim, G, Mazurczak M. Prospective Multicenter Study of the 

Impact of Oncotype DX Colon Cancer Assay Results on Treatment Recommendations in 

Stage II Colon Cancer Patients. Oncologist. 2014;19(5):492–7.  

131.  Lin J, Tan EC, Yang M. Comparing the effectiveness of capecitabine versus 5-

fluorouracil / leucovorin therapy for elderly Taiwanese stage III colorectal cancer 

patients based on quality-of-life measures ( QLQ-C30 and QLQ-CR38 ) and a new cost 

assessment tool. Health Qual Life Outcomes [Internet]. 2015;13(1):61–70. Available 

from: ??? 

132.  National Institute for Health and Clinical Excellence (NICE). Cetuximab, bevacizumab 

and panitumumab for the treatment of metastatic colorectal cancer after first-line 

chemotherapy: Cetuximab (monotherapy or combination chemotherapy), bevacizumab 

(in combination with non-oxaliplatin chemotherapy) and panitumumab (mo [Internet]. 

Technology appraisal guidance [TA242]. 2012 [cited 2019 Mar 11]. Available from: 

https://www.nice.org.uk/guidance/ta242/chapter/4-Evidence-and-interpretation 

133.  Lambrechts D, Lenz HJ, De Haas S, Carmeliet P, Scherer SJ. Markers of response for 

the antiangiogenic agent bevacizumab. J Clin Oncol. 2013;31(9):1219–30.  

134.  Therkildsen C, Bergmann TK, Henrichsen-Schnack T, Ladelund S, Nilbert M. The 

predictive value of KRAS, NRAS, BRAF, PIK3CA and PTEN for anti-EGFR treatment 

in metastatic colorectal cancer: A systematic review and meta-analysis. Acta Oncol 

(Madr). 2014;53(7):852–64.  

135.  National Institute for Health and Clinical Excellence (NICE). Nivolumab in combination 

with ipilimumab for treating advanced melanoma [Internet]. Technology Appraisal 

Guidance [TA400]. 2016 [cited 2019 Mar 13]. Available from: 

https://www.nice.org.uk/guidance/ta400/chapter/2-The-technology 

136.  Toh JWT, de Souza P, Lim SH, Singh P, Chua W, Ng W, et al. The Potential Value of 

Immunotherapy in Colorectal Cancers: Review of the Evidence for Programmed Death-1 

Inhibitor Therapy. Clin Colorectal Cancer [Internet]. 2016;15(4):285–91. Available 

from: http://dx.doi.org/10.1016/j.clcc.2016.07.007 

137.  National Institute for Health and Clinical Excellence (NICE). Aflibercept in combination 

with irinotecan and fluorouracil-based therapy for treating metastatic colorectal cancer 

that has progressed following prior oxaliplatin-based chemotherapy [Internet]. 

Technology appraisal guidance [TA307]. 2014 [cited 2019 Mar 13]. Available from: 

https://www.nice.org.uk/guidance/ta307 

138.  Lambrechts D, Thienpont B, Thuillier V, Sagaert X, Moisse M, Peuteman G, et al. 

Evaluation of efficacy and safety markers in a phase II study of metastatic colorectal 

cancer treated with aflibercept in the first-line setting. Br J Cancer [Internet]. 

2015;(August):1–8. Available from: 

http://www.nature.com/doifinder/10.1038/bjc.2015.329 

139.  National Institute for Health and Clinical Excellence (NICE). Ramucirumab for treating 

advanced gastric cancer or gastro–oesophageal junction adenocarcinoma previously 

treated with chemotherapy [Internet]. Technology appraisal guidance [TA378]. 2016 

[cited 2019 Mar 14]. Available from: https://www.nice.org.uk/guidance/ta378/chapter/2-

The-technology 

140.  Zhu AX, Finn RS, Mulcahy M, Gurtler J, Sun W, Schwartz JD, et al. A phase II and 

biomarker study of ramucirumab, a human monoclonal antibody targeting the VEGF 



Chapter 8  Bibliography 

174 
 

receptor-2, as first-line monotherapy in patients with advanced hepatocellular Cancer. 

Clin Cancer Res. 2013;19(23):6614–23.  

141.  National Institute for Health and Clinical Excellence (NICE). Regorafenib for metastatic 

colorectal cancer after treatment for metastatic disease (terminated appraisal) [Internet]. 

Technology appraisal [TA334]. 2015 [cited 2019 Mar 14]. Available from: 

https://www.nice.org.uk/guidance/ta334 

142.  Furth E, Morrissette J, Deik AF, Loaiza-Bonilla A, Bonilla-Reyes PA, Shroff S, et al. 

KDR Mutation as a Novel Predictive Biomarker of Exceptional Response to Regorafenib 

in Metastatic Colorectal Cancer. Cureus [Internet]. 2016 [cited 2016 Feb 20];8(2). 

Available from: http://assets.cureus.com/uploads/case_report/pdf/4054/1455563696-

20160215-3549-yysq4g.pdf 

143.  National Institute for Health and Clinical Excellence (NICE). Pembrolizumab for 

treating relapsed or refractory classical Hodgkin lymphoma [Internet]. Technology 

appraisal guidance [TA540]. 2018 [cited 2019 Mar 14]. Available from: 

https://www.nice.org.uk/guidance/ta540/chapter/2-Information-about-pembrolizumab 

144.  National Institute for Health and Clinical Excellence (NICE). Trifluridine–tipiracil for 

previously treated metastatic colorectal cancer [Internet]. Technology appraisal guidance 

[TA405]. 2016 [cited 2019 Mar 14]. Available from: 

https://www.nice.org.uk/guidance/TA405/chapter/2-The-technology/ 

145.  Jeong K, Cairns J. Systematic review of health state utility values for economic 

evaluation of colorectal cancer. Health Econ Rev [Internet]. 2016;6(1):1–10. Available 

from: http://dx.doi.org/10.1186/s13561-016-0115-5 

146.  EPPI. CCEMG - EPPI-Centre Cost Converter [Internet]. EPPI. 2019 [cited 2019 Mar 

11]. Available from: http://eppi.ioe.ac.uk/costconversion/default.aspx/ 

147.  Soda H, Maeda H, Hasegawa J, Takahashi T, Hazama S, Fukunaga M, et al. Multicenter 

Phase II study of FOLFOX or biweekly XELOX and Erbitux (cetuximab) as first-line 

therapy in patients with wild-type KRAS/BRAF metastatic colorectal cancer: The 

FLEET study. BMC Cancer [Internet]. 2015;15(1). Available from: 

http://dx.doi.org/10.1186/s12885-015-1685-z 

148.  Saif MW, Choma A, Salamone SJ, Chu E. Pharmacokinetically Guided Dose 

Adjustment of 5-Fluorouracil: A Rational Approach to Improving Therapeutic 

Outcomes. JNCI J Natl Cancer Inst [Internet]. 2009;101(22):1543–52. Available from: 

http://dx.doi.org/10.1093/jnci/djp328 

149.  Qi W-X, Shen Z, Tang L-N, Yao Y. Does the addition of targeted biological agents to 

first-line chemotherapy for advanced colorectal cancer increase complete response? A 

systematic review and meta-analysis. Color Dis [Internet]. 2014;16(9):O300–7. 

Available from: http://dx.doi.org/10.1111/codi.12647 

150.  Shea BJ, Grimshaw JM, Wells GA, Boers M, Andersson N, Hamel C, et al. 

Development of AMSTAR: a measurement tool to assess the methodological quality of 

systematic reviews. BMC Med Res Methodol [Internet]. 2007;7(1). Available from: 

http://dx.doi.org/10.1186/1471-2288-7-10 

151.  Chandler J, Churchill R, Higgins J, Lasserson T, Tovey D. Methodological standards for 

the conduct of new Cochrane Intervention Reviews Methodological standards for the 

conduct of Cochrane Intervention Reviews [Internet]. The Cochrane Library. 2013. 

Available from: 

https://wounds.cochrane.org/sites/wounds.cochrane.org/files/public/uploads/MECIR_co

nduct_standards 2.3 02122013_0.pdf 

152.  Traoré, Sory, Boisdron-Celle, Michéle, Hunault, Gilles, André, Thierry, Morel, Alain, 



Chapter 8  Bibliography 

175 
 

Guerin-Meyer, Veronique, Capitain, Olivier, and Gamelin E. DPD deficiency : Medico-

economic evaluation of pre-treatment screening of 5-FU toxicity. In: Journal of Clinical 

Oncology [Internet]. San Francisco: American Society of Clinical Oncology (ASCO); 

2012. Available from: http://dx.doi.org/10.1200/jco.2012.30.4_suppl.410 

153.  Longley DB, Harkin DP, Johnston PG. 5-Fluorouracil: mechanisms of action and 

clinical strategies. Nat Rev Cancer [Internet]. 2003;3(5):330–8. Available from: 

http://dx.doi.org/10.1038/nrc1074 

154.  Butzke B, Oduncu FS, Severin F, Pfeufer A, Heinemann V, Giessen-Jung C, et al. The 

cost-effectiveness of UGT1A1 genotyping before colorectal cancer treatment with 

irinotecan from the perspective of the German statutory health insurance. Acta Oncol 

(Madr) [Internet]. 2015 Jun 22 [cited 2015 Nov 30]; Available from: 

http://www.tandfonline.com/doi/abs/10.3109/0284186X.2015.1053983?journalCode=io

nc20 

155.  Gold HT, Hall MJ, Blinder V, Schackman BR. Cost effectiveness of pharmacogenetic 

testing for uridine diphosphate glucuronosyltransferase 1A1 before irinotecan 

administration for metastatic colorectal cancer. Cancer [Internet]. 2009 Sep 1 [cited 2015 

Nov 30];115(17):3858–67. Available from: http://dx.doi.org/10.1002/cncr.24428 

156.  Obradovic, Marko, Ales Mrhar  and MK. Cost–effectiveness of UGT1A1 genotyping in 

second-line, high-dose, once every 3 weeks irinotecan monotherapy treatment of 

colorectal cancer. Pharmacogenomics [Internet]. 2008;9(5):539–49. Available from: 

http://www.futuremedicine.com/doi/abs/10.2217/14622416.9.5.539 

157.  Pichereau S, Le Louarn A, Lecomte T, Blasco H, Le Guellec C, Bourgoin H. Cost-

Effectiveness of UGT1A1*28 Genotyping in Preventing Severe Neutropenia Following 

FOLFIRI Therapy in Colorectal Cancer. J Pharm Pharm Sci [Internet]. 2011;13(4):615–

25. Available from: http://www.ncbi.nlm.nih.gov/pubmed/21486535 

158.  Fukuda M, Suetsugu T, Shimada M, Kitazaki T, Hashiguchi K, Kishimoto J, et al. 

Prospective study of the UGT1A1*27gene polymorphism during irinotecan therapy in 

patients with lung cancer: Results of Lung Oncology Group in Kyusyu (LOGIK1004B). 

Thorac Cancer [Internet]. 2016;7(4):467–72. Available from: 

http://dx.doi.org/10.1111/1759-7714.12360 

159.  Temraz S, Mukherji D, Shamseddine A. Dual Inhibition of MEK and PI3K Pathway in 

KRAS and BRAF Mutated Colorectal Cancers. Int J Mol Sci [Internet]. 

2015;16(9):22976–88. Available from: http://dx.doi.org/10.3390/ijms160922976 

160.  Hall RD, Kudchadkar RR. BRAF Mutations: Signaling, Epidemiology, and Clinical 

Experience in Multiple Malignancies. Cancer Control [Internet]. 2014;21(3):221–30. 

Available from: http://dx.doi.org/10.1177/107327481402100307 

161.  Behl AS, Goddard K a B, Flottemesch TJ, Veenstra D, Meenan RT, Lin JS, et al. Cost-

effectiveness analysis of screening for KRAS and BRAF mutations in metastatic 

colorectal cancer. J Natl Cancer Inst [Internet]. 2012;104(23):1785–95. Available from: 

http://dx.doi.org/10.1093/jnci/djs433 

162.  Blank PR, Moch H, Szucs TD, Schwenkglenks M. KRAS and BRAF mutation analysis 

in metastatic colorectal cancer: A cost-effectiveness analysis from a Swiss perspective. 

Clin Cancer Res [Internet]. 2011;17(19):6338–46. Available from: 

http://dx.doi.org/10.1158/1078-0432.ccr-10-2267 

163.  Carlson JJ. PCN67 Cost-Utility of Kras Mutation Testing Prior to Treatment of 

Metastatic Colorectal Cancer with Cetuximab Monotherapy. In: Value in Health 

[Internet]. Elsevier BV; 2010. p. A36. Available from: http://dx.doi.org/10.1016/s1098-

3015(10)72156-2 



Chapter 8  Bibliography 

176 
 

164.  Harty GT, Jarrett J, Jofre-Bonet M. Consequences Of Biomarker Analysis On The Cost-

Effectiveness Of Cetuximab In Combination With Irinotecan Based Chemotherapy For 

First-Line Treatment Of Metastatic Colorectal Cancer. Stratified Medicine At Work? In: 

Value in Health [Internet]. Elsevier BV; 2015. p. A456. Available from: 

http://linkinghub.elsevier.com/retrieve/pii/S1098301515032416 

165.  Medical Advisory Secretariat. KRAS Testing for Anti-EGFR Therapy in Advanced 

Colorectal Cancer. Ont Health Technol Assess Ser [Internet]. 2010;10(25):1–49. 

Available from: 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3377508/?report=reader 

166.  Shiroiwa T, Motoo Y, Tsutani K. Cost-Effectiveness Analysis of KRAS Testing and 

Cetuximab as Last-Line Therapy for Colorectal Cancer. Mol Diagn Ther [Internet]. 

2010;14(6):375–84. Available from: http://dx.doi.org/10.1007/bf03256395 

167.  Vijayaraghavan A, Efrusy MB, Göke B, Kirchner T, Santas CC, Goldberg RM. Cost-

effectiveness of KRAS testing in metastatic colorectal cancer patients in the United 

States and Germany. Int J Cancer [Internet]. 2012;131(2):438–45. Available from: 

http://dx.doi.org/10.1002/ijc.26400 

168.  Westwood M, van Asselt T, Ramaekers B, Whiting P, Joore M, Armstrong N, et al. 

KRAS mutation testing of tumours in adults with metastatic colorectal cancer: a 

systematic review and cost-effectiveness analysis. Health Technol Assess [Internet]. 

2014;18(62):1–132. Available from: http://www.ncbi.nlm.nih.gov/pubmed/25314637 

169.  Alberts SR, Yu TM, Behrens RJ, Renfro LA, Srivastava G, Soori GS, et al. Comparative 

Economics of a 12-Gene Assay for Predicting Risk of Recurrence in Stage II Colon 

Cancer. Pharmacoeconomics [Internet]. 2014;32(12):1231–43. Available from: 

http://dx.doi.org/10.1007/s40273-014-0207-1 

170.  University of York C for R and D. Cost-effectiveness of UGT1A1 genotyping in second-

line, high-dose, once every 3 weeks irinotecan monotherapy treatment of colorectal 

cancer [Internet]. National Institute for Health Research. 2010 [cited 2019 Mar 11]. 

Available from: 

http://www.crd.york.ac.uk/crdweb/ShowRecord.asp?LinkFrom=OAI&ID=22008101055

/ 

171.  Smith, D and Granvelle H. The practice of discounting in economic evaluations of 

healthcare interventions. Int J Technol Assess Health Care. 2001;17(2):236–43.  

172.  Ayvaci MUS, Shi J, Alagoz O, Lubner SJ. Cost-Effectiveness of Adjuvant FOLFOX and 

5FU/LV Chemotherapy for Patients with Stage II Colon Cancer. Med Decis Mak 

[Internet]. 2013;33(4):521–32. Available from: 

http://dx.doi.org/10.1177/0272989x12470755 

173.  Tumeh, JW, Shenoy, PJ, Moore, SG, Kauh, J, Flowers C. A Markov model assessing the 

effectiveness and cost-effectiveness of FOLFOX compared with FOLFIRI for the initial 

treatment of metastatic colorectal cancer. Am J Clin Oncol. 2009;32(1):49–55.  

174.  Thariani R, Veenstra DL, Carlson JJ, Garrison LP, Ramsey S. Paying for personalized 

care: Cancer biomarkers and comparative effectiveness. Mol Oncol [Internet]. 

2012;6(2):260–6. Available from: http://dx.doi.org/10.1016/j.molonc.2012.02.006 

175.  Michele-Celle, B., Capitain, O., Metges, J.P., Guerin-Meyer, V., Faroux, R., Stampfli, 

C., Matysiak-Budnik, T., Leguellec, C., Gamelin, E., Morel A. Severe fluoropyrimidines 

toxicities: A simple and effective way to avoid them. Screen effectively for DPD 

deficiencies (abstract). Ann Oncol [Internet]. 2012 Jun 1;23(suppl_4):iv5–18. Available 

from: https://doi.org/10.1093/annonc/mds151 

176.  Boisdron-Celle M, Biason P, Gamelin E, Morel A. Dihydropyrimidine dehydrogenase 



Chapter 8  Bibliography 

177 
 

and fluoropyrimidines: a review of current dose adaptation practices and the impact on 

the future of personalized medicine using 5-fluorouracil. Color Cancer [Internet]. 2013 

Nov 27;2(6):549–58. Available from: https://doi.org/10.2217/crc.13.64 

177.  Deenen MJ, Meulendijks D, Cats A, Sechterberger MK, Severens JL, Boot H, et al. 

Upfront Genotyping of DPYD*2A to Individualize Fluoropyrimidine Therapy: A Safety 

and Cost Analysis. J Clin Oncol [Internet]. 2016;34(3):227–34. Available from: 

http://dx.doi.org/10.1200/jco.2015.63.1325 

178.  Goldstein, DA, Shaib, WL, Flowers C. Costs and effectiveness of genomic testing in the 

management of colorectal cancer. Oncology [Internet]. 2015;29(3):175–83. Available 

from: https://www.cancernetwork.com/oncology-journal/costs-and-effectiveness-

genomic-testing-management-colorectal-cancer 

179.  Wang J, Lu CY, Lu, Chien-Yu, Huang, Ching-Wen, Wu, I-Chen, Tsai, Hsiang-Lin, Ma, 

Cheng-Jen, Yeh, Yung-Sung, Chang, Se-Fen, Huang, Meng-Lin and Wang J-Y. Clinical 

Implication of UGT1A1 Promoter Polymorphism for Irinotecan Dose Escalation in 

Metastatic Colorectal Cancer Patients Treated with Bevacizumab Combined with 

FOLFIRI in the First-line Setting. Transl Oncol [Internet]. 2015;8(6):474–9. Available 

from: https://ac.els-cdn.com/S1936523315300115/1-s2.0-S1936523315300115-

main.pdf?_tid=c9d4075e-83ac-43a6-abd8-

c30aa9d3a7ac&acdnat=1552282107_2662e496d44974304f4f5ae92ee9a574 

180.  Yeh Y-S, Tsai H-L, Huang C-W, Wang J-H, Lin Y-W, Tang H-C, et al. Prospective 

analysis of UGT1A1 promoter polymorphism for irinotecan dose escalation in metastatic 

colorectal cancer patients treated with bevacizumab plus FOLFIRI as the first-line 

setting: study protocol for a randomized controlled trial. Trials [Internet]. 2016;17(1). 

Available from: http://dx.doi.org/10.1186/s13063-016-1153-3 

181.  Semrad TJ, Kim EJ. Molecular testing to optimize therapeutic decision making in 

advanced colorectal cancer Molecular testing to optimize therapeutic decision making in 

advanced colorectal cancer. J Gastrointest Oncol. 2016;7(December):10–20.  

182.  Fakih MG. Metastatic Colorectal Cancer: Current State and Future Directions. J Clin 

Oncol [Internet]. 2015 Apr 27;33(16):1809–24. Available from: 

https://doi.org/10.1200/JCO.2014.59.7633 

183.  Zhai Z, Yu X, Yang B, Zhang Y, Zhang L, Li X, et al. Colorectal cancer heterogeneity 

and targeted therapy: Clinical implications, challenges and solutions for treatment 

resistance. Semin Cell Dev Biol [Internet]. 2017;64:107–15. Available from: 

http://dx.doi.org/10.1016/j.semcdb.2016.08.033 

184.  National Institute for Health and Clinical Excellence (NICE). Cetuximab for the first-

line treatment of metastatic colorectal cancer [Internet]. Technology appraisal guidance 

[TA176]. 2009 [cited 2019 Mar 11]. Available from: 

https://www.nice.org.uk/guidance/TA176/ 

185.  Barham L. End-of-life treatments: what will NICE accept? [Internet]. Pharmaphorum. 

2016 [cited 2019 Mar 11]. Available from: https://pharmaphorum.com/articles/end-of-

life-treatments-what-will-nice-accept/ 

186.  Riihimäki M, Thomsen H, Sundquist K, Hemminki K. Colorectal cancer patients: what 

do they die of? Frontline Gastroenterol [Internet]. 2012;3(3):143–9. Available from: 

http://dx.doi.org/10.1136/flgastro-2012-100141 

187.  Hornberger J, Lyman GH, Chien R, Meropol NJ. A Multigene Prognostic Assay for 

Selection of Adjuvant Chemotherapy in Patients with T3, Stage II Colon Cancer: Impact 

on Quality-Adjusted Life Expectancy and Costs. Value Heal [Internet]. 

2012;15(8):1014–21. Available from: http://dx.doi.org/10.1016/j.jval.2012.07.012 



Chapter 8  Bibliography 

178 
 

188.  Carlson B. Putting the Lid on Chemotherapy Costs. Biotechnol Heal [Internet]. 

2011;8(2):15–8. Available from: 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3138387/pdf/bth08_2p015.pdf 

189.  Govindarajan R, Posey J, Chao CY, Lu R, Jadhav T, Javed AY, et al. A comparison of 

12-gene colon cancer assay gene expression in African American and Caucasian patients 

with stage II colon cancer. BMC Cancer [Internet]. 2016;16(1):1–7. Available from: 

http://dx.doi.org/10.1186/s12885-016-2365-3 

190.  Kim Y, Jeong DH, Min BS, Song MK, Kim NK, Kim WR. Validation of a quantitative 

12-multigene expression assay (Oncotype DX® colon cancer assay) in Korean patients 

with stage II colon cancer: Implication of ethnic differences contributing to differences 

in gene expression. Onco Targets Ther [Internet]. 2015;3817. Available from: 

http://dx.doi.org/10.2147/ott.s95543 

191.  Yamanaka T, Oki E, Yamazaki K, Yamaguchi K, Muro K, Uetake H, et al. 12-Gene 

Recurrence Score Assay Stratifies the Recurrence Risk in Stage II/III Colon Cancer With 

Surgery Alone: The SUNRISE Study. J Clin Oncol [Internet]. 2016;34(24):2906–13. 

Available from: http://dx.doi.org/10.1200/jco.2016.67.0414 

192.  Brenner B, Geva R, Rothney M, Beny A, Dror Y, Steiner M, et al. Impact of the 12-

Gene Colon Cancer Assay on Clinical Decision Making for Adjuvant Therapy in Stage 

II Colon Cancer Patients. Value Heal [Internet]. 2016;19(1):82–7. Available from: 

http://dx.doi.org/10.1016/j.jval.2015.08.013 

193.  Frank M, Mittendorf T. Influence of pharmacogenomic profiling prior to pharmaceutical 

treatment in metastatic colorectal cancer on cost effectiveness: A systematic review. 

Pharmacoeconomics [Internet]. 2013;31(3):215–28. Available from: 

http://dx.doi.org/10.1007/s40273-012-0017-2 

194.  Mittmann N, Au H-JH-J, Tu D, O’Callaghan CJ, Isogai PK, Karapetis CS, et al. 

Prospective Cost-Effectiveness Analysis of Cetuximab in Metastatic Colorectal Cancer: 

Evaluation of National Cancer Institute of Canada Clinical Trials Group CO.17 Trial. J 

Natl Cancer Inst [Internet]. 2009;101(17):1182–92. Available from: 

http://dx.doi.org/10.1093/jnci/djp232 

195.  Guglielmo A, Staropoli N, Giancotti M, Mauro M. Personalized medicine in colorectal 

cancer diagnosis and treatment: a systematic review of health economic evaluations. 

Cost Eff Resour Alloc [Internet]. 2018;16(1). Available from: 

http://dx.doi.org/10.1186/s12962-018-0085-z 

196.  Barone, Carlo, Mantovani L. KRAS early testing: consensus initiative and cost-

effectiveness evaluation for metastatic colorectal patients in an Italian setting. PLoS One. 

2014;9(1):e85897.  

197.  Seo MK, Cairns J. Do cancer biomarkers make targeted therapies cost-effective? A 

systematic review in metastatic colorectal cancer. PLoS One [Internet]. 

2018;13(9):e0204496. Available from: http://dx.doi.org/10.1371/journal.pone.0204496 

198.  Niedersuess-Beke D, Schiffinger M, Mader R. P-233 * Economic impact of biomarker-

based anti EGFR therapies in metastatic colorectal cancer in Austria. Ann Oncol 

[Internet]. 2015;26(suppl 4):iv68–iv68. Available from: 

http://dx.doi.org/10.1093/annonc/mdv233.230 

199.  Nishi A, Milner DA, Giovannucci EL, Nishihara R, Tan AS, Kawachi I, et al. Integration 

of molecular pathology, epidemiology and social science for global precision medicine. 

Expert Rev Mol Diagn. 2016;16(1):11–23.  

200.  Hamada T, Nowak JA, Milner DA, Song M, Ogino S. Integration of microbiology, 

molecular pathology, and epidemiology: a new paradigm to explore the pathogenesis of 



Chapter 8  Bibliography 

179 
 

microbiome-driven neoplasms. J Pathol. 2019;247(5):615–28.  

201.  European Commission. Hospital discharges by diagnosis, in-patients, total number 

[Internet]. Eurostat. 2015 [cited 2018 Feb 22]. Available from: 

http://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=hlth_co_disch1&lang=en 

202.  European Commission. Hospital discharges by diagnosis, day cases, total number 

[Internet]. Eurostat. 2015 [cited 2018 Feb 22]. Available from: 

http://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=hlth_co_disch3&lang=en 

203.  Crawshaw BP, Chien HL, Augestad KM, Delaney CP. Effect of laparoscopic surgery on 

health care utilization and costs in patients who undergo colectomy. JAMA Surg. 

2015;150(5):410–5.  

204.  Kelly RJ, Smith TJ. Delivering maximum clinical benefit at an affordable price: 

engaging stakeholders in cancer care. Lancet Oncol [Internet]. 2014;15(3):e112–8. 

Available from: http://dx.doi.org/10.1016/s1470-2045(13)70578-3 

205.  Ait Ouakrim D, Pizot C, Boniol M, Malvezzi M, Boniol M, Negri E, et al. Trends in 

colorectal cancer mortality in Europe: retrospective analysis of the WHO mortality 

database. BMJ [Internet]. 2015;351(oct06_4):h4970. Available from: 

http://www.bmj.com/content/351/bmj.h4970 

206.  European Commission. Purchasing power parities (PPPs), price level indices and real 

expenditures for ESA 2010 aggregates. [Internet]. Eurostat. 2015 [cited 2017 Sep 17]. 

Available from: 

http://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=prc_ppp_ind&lang=en 

207.  European Commission. Health care expenditure by function [Internet]. Eurostat. 2015 

[cited 2018 May 19]. Available from: 

http://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=hlth_sha11_hc&lang=en 

208.  IQVIA. Market Asessment of Selected Oncology Indications in EU Countries [Internet]. 

2017. Available from: https://www.iqvia.com 

209.  European Commission. Population on 1 January by age and sex [Internet]. Eurostat. 

2015 [cited 2017 Oct 5]. Available from: 

http://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=demo_pjan&lang=en 

210.  International Agency for Research on Cancer. Estimated (adult population) number of 

prevalence cases, both sexes, colorectal cancer, worldwide in 2012. [Internet]. Cancer 

Today. 2012 [cited 2017 Oct 5]. Available from: http://gco.iarc.fr/today/online-analysis-

table?mode=population&mode_population=world&population=900&sex=0&cancer=6&

type =2&statistic=0&prevalence=1&color_palette=default 

211.  Borsch-Supan A. Survey of Health, Ageing and Retirement in Europe (SHARE) Wave 6. 

2017.  

212.  European Commission. Unemployment by sex and age - annual average [Internet]. 

Eurostat. 2015 [cited 2017 Oct 5]. Available from: 

http://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=une_rt_a&lang=en 

213.  European Commission. Mean annual earnings by sex, age and economic activity 

[Internet]. Eurostat. 2014 [cited 2017 Oct 5]. Available from: 

http://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=earn_ses14_27&lang=en 

214.  Pearce A. Productivity Losses and How they are Calculated Productivity Losses. 

2016;(November):1–11. Available from: 

http://www.crest.uts.edu.au/pdfs/Factsheet_ProductivityLoss_Nov2016.pdf 

215.  Hanly P, Timmons A, Walsh PM, Sharp L. Breast and prostate cancer productivity costs: 



Chapter 8  Bibliography 

180 
 

A comparison of the human capital approach and the friction cost approach. Value Heal 

[Internet]. 2012;15(3):429–36. Available from: 

http://dx.doi.org/10.1016/j.jval.2011.12.012 

216.  Hanly P, Koopmanschap M, Sharp L. Valuing productivity costs in a changing 

macroeconomic environment: the estimation of colorectal cancer productivity costs 

using the friction cost approach. Eur J Heal Econ [Internet]. 2015;17(5):553–61. 

Available from: http://dx.doi.org/10.1007/s10198-015-0698-5 

217.  European Commission. Pensions beneficiaries at 31st December [Internet]. Eurostat. 

2015 [cited 2017 Oct 5]. Available from: 

http://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=spr_pns_ben&lang=en 

218.  Blakely T, Atkinson J, Kvizhinadze G, Wilson N, Davies A, Clarke P. Patterns of 

Cancer Care Costs in a Country With Detailed Individual Data. Med Care [Internet]. 

2015;1. Available from: http://dx.doi.org/10.1097/mlr.0000000000000330 

219.  Vrdoljak E, Bodoky G, Jassem J, Popescu RA, Mardiak J, Pirker R, et al. Cancer Control 

in Central and Eastern Europe: Current Situation and Recommendations for 

Improvement. Oncologist [Internet]. 2016;21(10):1183–90. Available from: 

http://dx.doi.org/10.1634/theoncologist.2016-0137 

220.  Sant M, Minicozzi P, Primic-Žakelj M, Otter R, Francisci S, Gatta G, et al. Cancer 

survival in Europe, 1999–2007: Doing better, feeling worse? Eur J Cancer [Internet]. 

2015;51(15):2101–3. Available from: http://dx.doi.org/10.1016/j.ejca.2015.08.019 

221.  Minicozzi P, Walsh PM, Sánchez M-J, Trama A, Innos K, Marcos-Gragera R, et al. Is 

low survival for cancer in Eastern Europe due principally to late stage at diagnosis? Eur J 

Cancer [Internet]. 2018;93:127–37. Available from: 

http://dx.doi.org/10.1016/j.ejca.2018.01.084 

222.  Jutten, K. Janssens P. Patients without borders, cross-border patient flows in the 

Benelux. [Internet]. 2016. Available from: 

http://www.benelux.int/files/2514/7730/9449/Rapport_DEF_EN.pdf 

223.  Jakovljevic M, Lazarevic M, Milovanovic O, Kanjevac T. The New and Old Europe: 

East-West Split in Pharmaceutical Spending. Front Pharmacol [Internet]. 2016;7. 

Available from: http://dx.doi.org/10.3389/fphar.2016.00018 

224.  Heads of the National Statistical Institutes. EUROPEAN STATISTICS For the National 

Statistical Authorities. Luxembourg; 2017.  

225.  Your key to European statistics [Internet]. Eurostat. 2019 [cited 2019 Oct 21]. Available 

from: https://ec.europa.eu/eurostat/home? 

226.  London School of Hygiene and Tropical Medicine. CONCORD programme [Internet]. 

Global surveillance of cancer survival. 2019 [cited 2019 Oct 21]. Available from: 

https://csg.lshtm.ac.uk/research/themes/concord-programme/ 

227.  Engholm G, Ferlay J, Christensen N, Bray F, Gjerstorff ML, Klint Å, et al. NORDCAN - 

A Nordic tool for cancer information, planning, quality control and research. Acta Oncol 

(Madr). 2010;49(5):725–36.  

228.  International Agency for Research on Cancer. Estimated number of incident cases, both 

sexes, colorectal cancer, worldwide in 2012. [Internet]. Cancer Today. 2012 [cited 2017 

Sep 17]. Available from: http://gco.iarc.fr/today/online-analysis-

table?mode=population&mode_population=world&population=900&sex=0&cancer=6&

type=0&statistic=0&prevalence=0&color_palette=default 

229.  Vrdoljak E, Bodoky G, Jassem J, Popescu RA, Pirker R, Cufer T, et al. Expenditures on 



Chapter 8  Bibliography 

181 
 

Oncology Drugs and Cancer Mortality-to Incidence Ratio in Central and Eastern Europe. 

Oncologist. 2018;23:1–8.  

230.  Cherny NI, Sullivan R, Dafni U, Kerst JM, Sobrero A, Zielinski C, et al. A standardised, 

generic, validated approach to stratify the magnitude of clinical benefit that can be 

anticipated from anti-cancer therapies: The European Society for Medical Oncology 

Magnitude of Clinical Benefit Scale (ESMO-MCBS). Ann Oncol. 2015;26(8):1547–73.  

231.  Lawler M, Alsina D, Adams RA, Anderson AS, Brown G, Fearnhead NS, et al. Critical 

research gaps and recommendations to inform research prioritisation for more effective 

prevention and improved outcomes in colorectal cancer. Gut [Internet]. 2017;67(1):179–

93. Available from: http://dx.doi.org/10.1136/gutjnl-2017-315333 

232.  National Institute for Health and Welfare. Primary health care 2014 [Internet]. 2014 

[cited 2017 Mar 13]. Available from: https://thl.fi/en/web/thlfi-en/statistics/statistics-by-

topic/primary-health-care-services/primary-health-care 

233.  Eco-Santé. Consommation en sante et activite medicale. Activite des professions de 

sante liberales. Professions medicales. Omnipraticiens liberaux: consultations 2013 

[Internet]. Institut de Recherche et Documentation en Economie de la Santé. 2013 [cited 

2017 Mar 13]. Available from: 

http://www.ecosante.fr/index2.php?base=DEPA&langh=FRA&langs= 

234.  Dinkel A, Schneider A, Schmutzer G, Brähler E, Häuser W. Family physician–patient 

relationship and frequent attendance of primary and specialist health care: Results from a 

German population-based cohort study. Patient Educ Couns [Internet]. 2016;99(7):1213–

9. Available from: http://dx.doi.org/10.1016/j.pec.2016.02.009 

235.  Tountas Y, Oikonomou N, Pallikarona G, Dimitrakaki C, Tzavara C, Souliotis K, et al. 

Sociodemographic and socioeconomic determinants of health services utilization in 

Greece: the Hellas Health I study. Heal Serv Manag Res [Internet]. 2011;24(1):8–18. 

Available from: http://dx.doi.org/10.1258/hsmr.2010.010009 

236.  Badó Katalin, Boros Julianna, Feldmann Klára, Ferencz-Kis Ildikó, Györke Judit, 

Kovács Ferencné, Páll Szilárd, Pásztorné Stokker Erzsébet, Pruzsinszki Judit SZK. 

Yearbook of Health Statistics 2014 [Internet]. Budapest; 2015. Available from: 

http://www.ksh.hu/apps/shop.lista?p_session_id=254079875450209&p_lang=HU&p_te

makor_kod=FE&p_kapcsolodo=egeszsevk 

237.  Directorate of Health. Contacts with health care centres 2005–2015. Consultations, 

house calls and telephone calls by GPs, nurses and midwives [Internet]. Primary Health 

Care. 2016 [cited 2017 Mar 14]. Available from: 

https://www.landlaeknir.is/english/statistics/health-care-services/primary-health-care/ 

238.  Layte, Richard, Barry, Michael, Bennett, Kathleen, Brick, Aoife, Morgenroth, Edgar, 

Normand, Charles, O’Reilly, Jacqueline, Thomas, Stephen, Tilson, Lesley, Wiley, 

Miriam, and Wren M-A. Projecting the Impact of Demographic Change on the Demand 

for and Delivery of Health Care in Ireland [Internet]. The Economic and Social Research 

Institute. Dublin: ESRI; 2009. Available from: http://dx.doi.org/10.26504/rs13 

239.  Health Information Centre of Institute of Hygiene. Health Statistics of Lithuania 2015 

[Internet]. Vilnius; 2016. Available from: http://www.hi.lt/health-statistic-of-

lithuania.html 

240.  Inspection Générale de la Sécurité Sociale. Rapport Général Sur La Sécurité Sociale Au 

Grand-Duché De Luxembourg. Luxembourg; 2012.  

241.  Office NS. Social Protection: Malta and the EU. October. Valletta; 2014.  

242.  Hofmarcher MM, Quentin W. Austria: health system review. Health Syst Transit 



Chapter 8  Bibliography 

182 
 

[Internet]. 2013;15(7):1–292. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/24334772 

243.  Statistics Netherlands. Health, lifestyle, health care use and supply, causes of death; key 

figures [Internet]. Statline. 2015 [cited 2017 Mar 14]. Available from: 

https://statline.cbs.nl/Statweb/publication/?DM=SLEN&PA=81628ENG&D1=46&D2=a

&LA=EN&VW=T 

244.  Statistics Norway. GPs and emergency primary health care [Internet]. 2015 [cited 2017 

Mar 14]. Available from: https://www.ssb.no/en/fastlegetj 

245.  Central Statistical Office. Healthcare, Social Welfare, and Family Benefits [Internet]. 

2015 [cited 2017 Apr 6]. Available from: 

https://bdl.stat.gov.pl/BDL/dane/podgrup/temat 

246.  Instituto Nacional de Estatística. Health Statistics 2014 [Internet]. 2016. Available from: 

https://www.ine.pt/xportal/xmain?xpid=INE&xpgid=ine_publicacoes&PUBLICACOES

pub_boui=257465095&PUBLICACOESmodo=2 

247.  WHO Regional Office for Europe. Primary care quality management in Romania - 

Primary care in the WHO European Region [Internet]. Copenhagen; 2012. Available 

from: http://www.euro.who.int/__data/assets/pdf_file/0005/167576/Evaluation-of-

structure-and-provision-of-primary-care-in-Romania.pdf?ua=1 

248.  Simić S, Milićević MŠ, Matejić B, Marinković J, Adams O. Do we have primary health 

care reform? The story of the Republic of Serbia. Health Policy (New York) [Internet]. 

2010;96(2):160–9. Available from: http://dx.doi.org/10.1016/j.healthpol.2010.01.015 

249.  Smatana M, Pažitný P, Kandilaki D, Laktišová M, Sedláková D, Palušková M, et al. 

Slovakia: Health System Review. Vol. 18. Copenhagen; 2016.  

250.  Poldka Butinar, Blaženka Jeren, Tanja Kustec M, Blaško Markič, Vili Prodan, Irma 

Renar AZ. Statistical Yearbook of the Republic of Slovenia 2013 [Internet]. Ljubljana; 

2013. Available from: http://www.stat.si/StatWeb/doc/letopis/2013/09-13.pdf 

251.  Ministerio de Sanidad Servicios Sociales e Igualdad. Database of Primary Care Clinics 

(BDCAP) Interconsults [Internet]. Statistical Portal Management Intelligence Area. 2015 

[cited 2019 May 17]. Available from: 

https://pestadistico.inteligenciadegestion.mscbs.es/publicoSNS/comun/Cubo.aspx?IdNod

o=22127 

252.  Statistics Sweden. Statistical Yearbook of Sweden 2014 [Internet]. 2014. Available 

from: http://www.scb.se/en_/Finding-statistics/Publishing-calendar/Show-detailed-

information/?publobjid=21101 

253.  Heyden J Van Der. Contacts avec le médecin généraliste. 2008;  

254.  Federal Statistical Office. Swiss Health Survey 2012 [Internet]. 2012 [cited 2017 Mar 

19]. Available from: 

https://www.bfs.admin.ch/bfs/en/home/statistics/health.assetdetail.349060.html 

255.  Tatar M, Mollahaliloğlu S, Sahin B, Aydin S, Maresso A, Hernández-Quevedo C. 

Turkey. Health system review. [Internet]. Vol. 13, Health systems in transition. 

Copenhagen; 2011. Available from: http://www.ncbi.nlm.nih.gov/pubmed/22455830 

256.  Wakeford R. Fire the Medical Schools Council if you want more GPs. BMJ [Internet]. 

2014;349(oct27 1):g6245–g6245. Available from: http://dx.doi.org/10.1136/bmj.g6245 

257.  European Commission. Consultation of a medical doctor (in private practice or as 

outpatient) per inhabitant [Internet]. Eurostat. 2015 [cited 2017 Feb 21]. Available from: 

http://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=hlth_hc_phys&lang=en 



Chapter 8  Bibliography 

183 
 

258.  Državni zavod za statistiku Republike Hrvatske. Statistical Yearbook of the Republic of 

Croatia 2016 [Internet]. Statistički ljetopis Republike Hrvatske. Zagreb; 2016. Available 

from: http://www.dzs.hr/Hrv_Eng/ljetopis/2016/sljh2016.pdf 

259.  Theodorou M, Charalambous C, Petrou C, Cylus J. Health Systems in Transition. 

Cyprus Health system review [Internet]. Vol. 14. Copenhagen; 2012. Available from: 

http://www.euro.who.int/__data/assets/pdf_file/0017/174041/Health-Systems-in-

Transition_Cyprus_Health-system-review.pdf 

260.  Institute of Health Information and Statistics of the Czech Republic. Czech Health 

Statistics Yearbook 2013. Prague; 2014.  

261.  Statistics Denmark. Statistical Yearbook 2016. Copenhagen; 2016.  

262.  Estonian Health Insurance Fund. Estonian Health Insurance Fund Yearbook 2015. 

Tallinn; 2015.  

263.  Heyden J Van Der. Contacts ambulatoires avec le spécialiste [Internet]. Brussels; 2008. 

Available from: https://www.wiv-

isp.be/epidemio/EPIFR/crospfr/hisfr/his08fr/r3/3_contactsmedecingeneraliste_gp_report

3_fr.pdf 

264.  Dimova A, Rohova M, Moutafova E, Atanasova E. Bulgaria: Health system review. Vol. 

14. 2012.  

265.  Džakula A, Sagan A, Pavić N, Lonćčarek K, Sekelj-Kauzlarić K. Croatia: Health System 

Review. [Internet]. Vol. 16, Health Systems in Transition. Copenhagen; 2014. Available 

from: http://www.ncbi.nlm.nih.gov/pubmed/25115139 

266.  Kyriacou E, Petrou N, Onisiforou K. Health and Hospital Statistics 2014. Republic of 

Cyprus Statistical Service. 2016.  

267.  Instituteof Health Information and Statistics of the Czech Republic. Activity of health 

establishments in selected branches of health care [Internet]. 2013. Available from: 

http://www.uzis.cz/en/publications/activity-health-establishments-selected-branches-

health-care-2013 

268.  Statistics Denmark. AMB01: Out-Patient Treatments by Region, Diagnosis (99 Groups), 

Age and Sex [Internet]. Statbank Denmark. 2015 [cited 2017 Apr 9]. Available from: 

https://www.statbank.dk/10050 

269.  ANDMEBAAS. Estonian Health Statistics and Health Research Database [Internet]. 

2015 [cited 2017 Feb 15]. Available from: 

http://pxweb.tai.ee/PXWeb2015/index_en.html 

270.  Rainio J. Somatic Specialist Medical Care 2013. [Internet]. Vol. 30, Finland National 

Institute for Health and Welfare. Helsinki; 2015. Available from: 

http://www.julkari.fi/bitstream/handle/10024/125551/Tr01_15_raportti_fi_sv_en.pdf?seq

uence= 

271.  Federal Health Reporting. Total Cost of Illness in millions of Euro for Germany. 

Classification: years, sex, ICD10, provider of ambulatory health care [Internet]. 2015 

[cited 2019 May 18]. Available from: http://www.gbe-bund.de/oowa921-

install/servlet/oowa/aw92/WS0100/_XWD_PROC?_XWD_406/4/XWD_CUBE.DRILL

/_XWD_434/D.946/14511 

272.  Peter Gaal, Szabolcs Szigeti, Marton Csere, Matthew Gaskins DP. Hungary: Health 

System Review. Vol. 13, Health Systems in Transition. Copenhagen; 2011.  

273.  Kalseth J, Halvorsen T, Kalseth B, Medin E, Lundgren J, Rehnberg C, et al. Cross-

country comparisons of health-care costs : The case of cancer treatment in the Nordic 



Chapter 8  Bibliography 

184 
 

countries. Health Policy (New York) [Internet]. 2014;115(2–3):172–9. Available from: 

http://dx.doi.org/10.1016/j.healthpol.2014.01.003 

274.  Health Service Executive. Health Service National Service Plan 2016 [Internet]. 2016. 

Available from: http://www.hse.ie/eng/services/publications/serviceplans/nsp16.pdf 

275.  Valent F, Deroma L, Franzo A, Gobbato M, Simon G, Canciani L, et al. The influence of 

patients’ complexity and general practitioners’ characteristics on referrals to outpatient 

health services in an Italian region. Ann Ist Super Sanita. 2015;51(3):217–23.  

276.  Berthet F, Calteux A, Wolter M, Weber L, van Ginneken E, Spranger A. Luxembourg: 

Health Systems Review [Internet]. Health Systems in Transition. Copenhagen; 2015. 

Available from: http://www.euro.who.int/__data/assets/pdf_file/0006/287943/Mini-

HiT_Luxembourg-rev1.pdf?ua=1 

277.  Volksgezondheidenzorg.info. Cost of illness tool [Internet]. 2015 [cited 2017 Feb 15]. 

Available from: https://costofillnesstool.volksgezondheidenzorg.info/tool/english/ 

278.  Statistics Norway. Table: 04080: Outpatient consultations at public general hospitals, by 

diagnosis (ICD-10), sex and age (C) (closed series). [Internet]. Statbank. 2015 [cited 

2017 Apr 6]. Available from: https://www.ssb.no/en/sok?sok=outpatient 

279.  Central Statistical Office. Out-patient Health Care. Number of Doctor Consultations. 

[Internet]. 2015 [cited 2017 Apr 6]. Available from: 

https://bdl.stat.gov.pl/BDL/start?p_name=indeks 

280.  Statistical Office of the Republic of Serbia. Statistical Yearbook of The Republic of 

Serbia 2016 [Internet]. Belgrade; 2016. Available from: 

http://webrzs.stat.gov.rs/WebSite/repository/documents/00/02/29/16/CEO_StatistickiGo

disnjakRS_2016.pdf 

281.  Statistical Office of the Slovak Republic. Statistical Yearbook of the Slovak Republic 

2015 [Internet]. Bratislava; 2015. Available from: 

https://slovak.statistics.sk/wps/wcm/connect/111ae87b-5658-425f-967d-

053928d2c94c/Statisticka_rocenka_Slovenskej_republiky_2015.pdf?MOD=AJPERES&

CACHEID=111ae87b-5658-425f-967d-053928d2c94c 

282.  National Institute of Public Health. K1: Number and rate of visits to specialist outpatient 

activities, Slovenia, annually [Internet]. 2015 [cited 2019 May 18]. Available from: 

https://podatki.nijz.si/Selection.aspx?px_path=NIJZ podatkovni portal__4 Zdravstveno 

varstvo__05 Specialistične ambulantne 

obravnave&px_tableid=K1_ZUBSTAT_SR.px&px_language=sl&px_db=NIJZ 

podatkovni portal&rxid=3314f0e6-02b0-443b-baeb-51d943ad4704 

283.  Ministerio de Sanidad Servicios Sociales e Igualdad. Distribución de Casos por CDM - 

Actividad Ambulatoria Especializada. A-o 2014. [Internet]. 2014 [cited 2017 Mar 9]. 

Available from: 

http://pestadistico.inteligenciadegestion.msssi.es/Docs/InformesCMBD/2014/2. 

Ambulatorio/Año  2014, 2. Distribución de casos por CDM.htm 

284.  Statistiksektionen Avdelningen för ekonomi och styrning. Beskrivning av KPP- 

databasen 2014. Sveriges Kommuner och Landst [Internet]. 2016;1–26. Available from: 

http://webbutik.skl.se/bilder/artiklar/pdf/7585-318-5.pdf 

285.  Pletscher M. Health literacy and outpatient physician visits : An analysis of the Swiss 

health survey [Internet]. 2013. Available from: 

https://pd.zhaw.ch/publikation/upload/203644.pdf. 

286.  Winter J. Hospital Outpatient Activity 2015-16 [Internet]. National Health Service. 

2016. Available from: 



Chapter 8  Bibliography 

185 
 

https://files.digital.nhs.uk/publicationimport/pub22xxx/pub22596/hosp-epis-stat-outp-

summ-repo-2015-16-rep.pdf 

287.  Estonian Health Statistics and Health Research Database. . HH05: Existence of 

emergency medicine department and/or reception department/room and leaving of 

emergency patients by hospital. [Internet]. ANDMEBAAS. 2015 [cited 2017 Mar 23]. 

Available from: 

http://pxweb.tai.ee/PXWeb2015/pxweb/en/04THressursid/04THressursid__11HAHaigla

d/HH05.px/?rxid=90ae9cd9-e12a-41ee-880e-0b70e8151785 

288.  Pines JM, Hilton JA, Weber EJ, Alkemade AJ, Al Shabanah H, Anderson PD, et al. 

International Perspectives on Emergency Department Crowding. Acad Emerg Med 

[Internet]. 2011;18(12):1358–70. Available from: http://dx.doi.org/10.1111/j.1553-

2712.2011.01235.x 

289.  National Health Insurance Fund Administration. Statistical Yearbook 2012 [Internet]. 

Budapest; 2013. Available from: http://site.oep.hu/statisztika/2012/pdf/Evk12_e.pdf 

290.  Sigurgeirsdóttir S, Waagfjörð J, Maresso A. Iceland: Health System Review. [Internet]. 

Vol. 16, Health systems in transition. 2014. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/25720021 

291.  Longhi R, Picchi R, Minasi D, Di Cesare Merlone A. Pediatric emergency room 

activities in Italy: a national survey. Ital J Pediatr [Internet]. 2015;41(1). Available from: 

http://dx.doi.org/10.1186/s13052-015-0184-9 

292.  Burström L, Starrin B, Engström M-L, Thulesius H. Waiting management at the 

emergency department – a grounded theory study. BMC Health Serv Res [Internet]. 

2013;13(1). Available from: http://dx.doi.org/10.1186/1472-6963-13-95 

293.  Oktay C, Cete Y, Eray O, Pekdemir M, Gunerli A. Appropriateness of emergency 

department visits in a Turkish university hospital. Croat Med J [Internet]. 

2003;44(5):585–91. Available from: http://www.ncbi.nlm.nih.gov/pubmed/14515418 

294.  Baker C. Accident and Emergency Statistics: Demand, Performance and Pressure. House 

of Commons [Internet]. 2017;6964:1–31. Available from: 

www.parliament.uk/commons-library%7Cintranet.parliament.uk/commons-

library%7Cpapers@parliament.uk%7C@commonslibrary 

295.  Statistik Austria. Frequency of visits of the population in an outpatient clinic or 

ambulance in 1999. [Internet]. 1999 [cited 2017 Apr 12]. Available from: 

http://www.statistik.at/web_de/statistiken/menschen_und_gesellschaft/gesundheit/gesun

dheitsversorgung/ambulante_versorgung/index.html 

296.  Berchet C. Emergency Care Services: Trends, Drivers and Interventions to Manage the 

Demand [Internet]. Organisation for Economic Co-operation and Development. 2015. 

Available from: http://www.oecd-ilibrary.org/social-issues-migration-health/emergency-

care-services_5jrts344crns-en%3Fcrawler=true 

297.  Hayes OW, Novkov H. Emergency health services in Bulgaria. Am J Emerg Med 

[Internet]. 2002;20(2):122–5. Available from: 

http://dx.doi.org/10.1053/ajem.2002.31147 

298.  Petrou P. Failed Attempts to Reduce Inappropriate Laboratory Utilization in an 

Emergency Department Setting in Cyprus: Lessons Learned. J Emerg Med [Internet]. 

2016;50(3):510–7. Available from: http://dx.doi.org/10.1016/j.jemermed.2015.07.025 

299.  Statistics Denmark. SKAD01 Emergency department visits by region, diagnosis (99 

groups), age and sex (2006-2015). [Internet]. Statbank Denmark. 2015 [cited 2017 Mar 

7]. Available from: http://www.statbank.dk/10050 



Chapter 8  Bibliography 

186 
 

300.  Mckee M, Sagan A, Calltorp J, Krasnik A, Marchildon G, Maynard A, et al. Health 

Systems in Transition: Slovenia (Vol. 18 No. 3 2016). 2016;18(3):1–207. Available 

from: http://www.euro.who.int/__data/assets/pdf_file/0018/312147/HiT-

Slovenia_rev3.pdf 

301.  European Commission. Hospital days of in-patients [Internet]. Eurostat. 2015 [cited 

2017 Oct 10]. Available from: 

http://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=hlth_co_hosday&lang=en 

302.  Central Statistical Bureau of Latvia. Statistical Yearbook of Latvia [Internet]. Riga; 

2016. Available from: https://www.csb.gov.lv/en/statistics/statistics-by-

theme/economy/gdp/search-in-theme/175-statistical-yearbook-latvia-2015 

303.  Statistics Portugal. Medical appointments (No.) in official clinics by Geographic 

localization (NUTS - 2001) and Appointment’s medical specialty; Annual [Internet]. 

2012 [cited 2017 Mar 15]. Available from: 

https://www.ine.pt/xportal/xmain?xpid=INE&xpgid=ine_indicadores&indOcorrCod=00

04703&contexto=pti&selTab=tab10 

304.  Moore M, Lopes C, Moore M. Health care in France: facing hard choices. Can Med 

Assoc J [Internet]. 2007;177(10):1167–9. Available from: 

http://dx.doi.org/10.1503/cmaj.071278 

305.  Damm O, Eichner M, Rose MA, Knuf M, Wutzler P, Liese JG, et al. Public health 

impact and cost-effectiveness of intranasal live attenuated influenza vaccination of 

children in Germany. Eur J Heal Econ [Internet]. 2014;16(5):471–88. Available from: 

http://dx.doi.org/10.1007/s10198-014-0586-4 

306.  Makras P, Athanasakis K, Boubouchairopoulou N, Rizou S, Anastasilakis AD, 

Kyriopoulos J, et al. Cost-effective osteoporosis treatment thresholds in Greece. 

Osteoporos Int [Internet]. 2015;26(7):1949–57. Available from: 

http://dx.doi.org/10.1007/s00198-015-3055-8 

307.  Baji P, Brodszky V, Tamás G, Gulácsi L, Bereczki D, Baji P, et al. Quality of Life and 

Costs in Parkinson’s Disease: A Cross Sectional Study in Hungary. PLoS One [Internet]. 

2014;9(9):e107704. Available from: http://dx.doi.org/10.1371/journal.pone.0107704 

308.  Nielsen R, Johannessen A, Benediktsdottir B, Gislason T, Buist AS, Gulsvik A, et al. 

Present and future costs of COPD in Iceland and Norway: results from the BOLD study. 

Eur Respir J [Internet]. 2009;34(4):850–7. Available from: 

http://dx.doi.org/10.1183/09031936.00166108 

309.  Gannon, B., O’Shea, E., & Hudson E. Technical Report 1: The Economic Costs of falls 

and fractures in people aged 65 and over in Ireland. Technical Report to 

NCAOP/HSE/DOHC, National University of Ireland. Galway; 2007.  

310.  Capri S, Porta C, Delea TE. Cost-effectiveness of Pazopanib Versus Sunitinib as First-

line Treatment for Locally Advanced or Metastatic Renal Cell Carcinoma from an Italian 

National Health Service Perspective. Clin Ther [Internet]. 2017;39(3):567-580.e2. 

Available from: http://dx.doi.org/10.1016/j.clinthera.2017.01.017 

311.  Ivanauskiene R, Domeikiene A, Kregždyte R, Milašauskiene Ž, Padaiga Ž. The cost of 

newly diagnosed breast cancer in Lithuania, 2011. Med. 2015;51(1):63–8.  

312.  Bosmans JE, Boeke AJ, van Randwijck-Jacobze ME, Grol SM, Kramer MH, van der 

Horst HE, et al. Addition of a general practitioner to the accident and emergency 

department: a cost-effective innovation in emergency care. Emerg Med J [Internet]. 

2012;29(3):192–6. Available from: http://www.ncbi.nlm.nih.gov/pubmed/21441265 

313.  Shin M, Salamanca BV, Kristiansen IS, Flem E. Healthcare costs of rotavirus and other 



Chapter 8  Bibliography 

187 
 

types of gastroenteritis in children in Norway. Pediatr Infect Dis J [Internet]. 

2016;35(4):e97–101. Available from: http://dx.doi.org/10.1097/inf.0000000000001026 

314.  Angus C, Thomas C, Anderson P, Meier PS, Brennan A. Estimating the cost-

effectiveness of brief interventions for heavy drinking in primary health care across 

Europe. Eur J Public Health [Internet]. 2016;ckw122. Available from: 

http://dx.doi.org/10.1093/eurpub/ckw122 

315.  Reza Maleki-Yazdi M, Molimard M, Keininger DL, Gruenberger J-B, Carrasco J, Pitotti 

C, et al. Cost Effectiveness of the Long-Acting β2-Adrenergic Agonist (LABA)/Long-

Acting Muscarinic Antagonist Dual Bronchodilator Indacaterol/Glycopyrronium Versus 

the LABA/Inhaled Corticosteroid Combination Salmeterol/Fluticasone in Patients with 

Chronic Obstruct. Appl Health Econ Health Policy [Internet]. 2016;14(5):579–94. 

Available from: http://dx.doi.org/10.1007/s40258-016-0256-z 

316.  World Health Organization. Health service delivery costs [Internet]. WHO-CHOICE. 

2010 [cited 2017 Feb 15]. Available from: https://www.who.int/choice/cost-

effectiveness/inputs/health_service/en/ 

317.  Lakić D, Petrova G, Bogavac-Stanojević N, Jelić-Ivanović Z, Kos M. The Cost-

Effectiveness of Hypertension Pharmacotherapy in Serbia: A Markov Model. Biotechnol 

Biotechnol Equip [Internet]. 2012;26(3):3066–72. Available from: 

http://dx.doi.org/10.5504/bbeq.2012.0009 

318.  Generalitat de Catalunya. Diari Oficial de la Generalitat de Catalunya [Internet]. Vol. 

6079. 2013. Available from: 

https://portaljuridic.gencat.cat/ca/pjur_ocults/pjur_resultats_fitxa/?documentId=601235

&action=fitxa 

319.  Edelstein M, Merk H, Deogan C, Carnahan A, Wallensten A. Quantifying the incidence 

and cost of acute gastrointestinal illness in Sweden, 2013–2014. Epidemiol Infect 

[Internet]. 2016;144(13):2831–9. Available from: 

http://dx.doi.org/10.1017/s0950268816000467 

320.  Schmutz C, Mäusezahl D, Bless PJ, Hatz C, Schwenkglenks M, Urbinello D. Estimating 

healthcare costs of acute gastroenteritis and human campylobacteriosis in Switzerland. 

Epidemiol Infect [Internet]. 2016/08/12. 2017;145(4):627–41. Available from: 

https://www.cambridge.org/core/article/estimating-healthcare-costs-of-acute-

gastroenteritis-and-human-campylobacteriosis-in-

switzerland/AE4D932C19FFBE18760ADDBF61F233AE 

321.  Bakir M, Standaert B, Turel O, Bilge ZE, Postma M. Estimating and comparing the 

clinical and economic impact of paediatric rotavirus vaccination in Turkey using a 

simple versus an advanced model. Vaccine [Internet]. 2013;31(6):979–86. Available 

from: http://dx.doi.org/10.1016/j.vaccine.2012.11.071 

322.  Bullement A, Underhill S, Fougeray R, Hatswell AJ. Cost-effectiveness of 

Trifluridine/tipiracil for Previously Treated Metastatic Colorectal Cancer in England and 

Wales. Clin Colorectal Cancer [Internet]. 2018;17(1):e143–51. Available from: 

http://dx.doi.org/10.1016/j.clcc.2017.09.001 

323.  Ladurner J, Lawerence K, Rieder A, Rupp B. Incentives and payment systems for 

physicians in selected countries with a special focus on the Austrian situation. In 2006. p. 

1–178. Available from: 

http://s3.amazonaws.com/zanran_storage/www.bva.at/ContentPages/2505908072.pdf 

324.  Kleintjens J, Li X, Simoens S, Thijs V, Goethals M, Rietzschel ER, et al. Cost-

Effectiveness of Rivaroxaban Versus Warfarin for Stroke Prevention in Atrial 

Fibrillation in the Belgian Healthcare Setting. Pharmacoeconomics [Internet]. 



Chapter 8  Bibliography 

188 
 

2013;31(10):909–18. Available from: http://dx.doi.org/10.1007/s40273-013-0087-9 

325.  Kamusheva M, Dimitrova M, van Boven JFM, Postma MJ, van der Molen T, Kocks 

JWH, et al. Clinical characteristics, treatment patterns, and socio-economic burden of 

COPD in Bulgaria. J Med Econ [Internet]. 2017;20(5):503–9. Available from: 

http://dx.doi.org/10.1080/13696998.2017.1279620 

326.  Jukic V, Jakovljevic M, Filipcic I, Herceg M, Silic A, Tomljanovic T, et al. Cost-Utility 

Analysis of Depot Atypical Antipsychotics for Chronic Schizophrenia in Croatia. Value 

Heal Reg Issues [Internet]. 2013;2(2):181–8. Available from: 

http://dx.doi.org/10.1016/j.vhri.2013.06.008 

327.  Ministry of Health. Useful Information. Medical Card. [Internet]. 2013 [cited 2017 Mar 

20]. Available from: 

http://www.moh.gov.cy/moh/moh.nsf/0/FD0134CDED1D026243257A37002C2C47? 

328.  Holmerová I, Hort J, Rusina R, Wimo A, Šteffl M. Costs of dementia in the Czech 

Republic. Eur J Heal Econ [Internet]. 2017;18(8):979–86. Available from: 

http://dx.doi.org/10.1007/s10198-016-0842-x 

329.  Hallinen T, Soini EJ, Asseburg C, Kuosmanen P, Laakkonen A. Warfarin treatment 

among Finnish patients with atrial fibrillation: retrospective registry study based on 

primary healthcare data. BMJ Open [Internet]. 2014;4(2):e004071. Available from: 

http://dx.doi.org/10.1136/bmjopen-2013-004071 

330.  Schiller-Fruehwirth I, Jahn B, Einzinger P, Zauner G, Urach C, Siebert U. The Long-

Term Effectiveness and Cost Effectiveness of Organized versus Opportunistic Screening 

for Breast Cancer in Austria. Value Heal [Internet]. 2017;20(8):1048–57. Available 

from: http://dx.doi.org/10.1016/j.jval.2017.04.009 

331.  Institut National d’Assurance Maladie-Invalidite. Tarifs des médecins à partir du 1er 

janvier 2015. [Internet]. 2015 [cited 2017 Mar 9]. Available from: 

https://www.riziv.fgov.be/fr/themes/cout-remboursement/par-mutualite/prestations-

individuelles/prix/Pages/medecin-partie01.aspx#.WMFGtjvyjIV 

332.  Vučina VV, Filipović SK, Kožnjak N, Stamenić V, Clark AD, Mounaud B, et al. Cost-

effectiveness of pneumococcal conjugate vaccination in Croatia. Vaccine [Internet]. 

2015;33:A209–18. Available from: http://dx.doi.org/10.1016/j.vaccine.2014.12.043 

333.  Petrou P, Talias MA. A pilot study to assess feasibility of value based pricing in Cyprus 

through pharmacoeconomic modelling and assessment of its operational framework: 

sorafenib for second line renal cell cancer. Cost Eff Resour Alloc [Internet]. 

2014;12(1):12. Available from: http://dx.doi.org/10.1186/1478-7547-12-12 

334.  Søndergaard J, Christensen HN, Ibsen R, Jarbøl DE, Kjellberg J. Healthcare resource use 

and costs of opioid-induced constipation among non-cancer and cancer patients on 

opioid therapy: A nationwide register-based cohort study in Denmark. Scand J Pain 

[Internet]. 2017;15(2017):83–90. Available from: 

http://dx.doi.org/10.1016/j.sjpain.2017.01.006 

335.  Kalseth J, Halsteinli V, Halvorsen T, Kalseth B, Anthun K, Peltola M, et al. Report 

Costs of cancer in the Nordic countries [Internet]. Trondheim; 2011. Available from: 

www.sintef.no 

336.  Benjamin L, Buthion V, Vidal-Trécan G, Briot P. Impact of the healthcare payment 

system on patient access to oral anticancer drugs: an illustration from the French and 

United States contexts. BMC Health Serv Res [Internet]. 2014;14(1). Available from: 

http://dx.doi.org/10.1186/1472-6963-14-274 

337.  Boubouchairopoulou N, Athanasakis K, Chini M, Mangafas N, Lazanas MK, 



Chapter 8  Bibliography 

189 
 

Kyriopoulos JE. Estimation of the Direct Cost of HIV-Infected Patients in Greece on an 

Annual Basis. Value Heal Reg Issues [Internet]. 2014;4:82–6. Available from: 

http://dx.doi.org/10.1016/j.vhri.2014.07.005 

338.  Boncz I, Brodszky V, Péntek M, Ágoston I, Nagy Z, Kárpáti K, et al. The disease burden 

of colorectal cancer in Hungary. Eur J Heal Econ [Internet]. 2009;10(S1):35–40. 

Available from: http://dx.doi.org/10.1007/s10198-009-0192-z 

339.  Tilson L, Sharp L, Usher C, Walsh C, Whyte S, O’Ceilleachair A, et al. Cost of care for 

colorectal cancer in Ireland: A health care payer perspective. Eur J Heal Econ. 

2012;13(4):511–24.  

340.  Caisse Nationale de Sante. Tarifs De La Nomenclature Des Actes Et Services Des 

Medecins Tenant Compte Du Reglement Grand-Ducal [Internet]. La Securite Sociale. 

2011. Available from: http://www.cns.public.lu/content/dam/cns/legislations/texte-

coordonne/livre-bleu/livre-bleu-01012017.pdf 

341.  Sørensen M, Arneberg F, Line TM, Berg TJ. Cost of diabetes in Norway 2011. Diabetes 

Res Clin Pract [Internet]. 2016;122:124–32. Available from: 

http://dx.doi.org/10.1016/j.diabres.2016.10.012 

342.  Kanarkiewicz M, Szczęsny TJ, Krysiński J, Buciński A, Kowalewski J, Pawłowicz Z. 

Cost-effectiveness analysis of lung cancer screening with low-dose computerised 

tomography of the chest in Poland. Współczesna Onkol [Internet]. 2015;6:480–6. 

Available from: http://dx.doi.org/10.5114/wo.2015.56656 

343.  Miguel LS, Lopes FV, Pinheiro B, Wang J, Xu R, Pellissier J, et al. Cost Effectiveness 

of Pembrolizumab for Advanced Melanoma Treatment in Portugal. Value Heal 

[Internet]. 2017;20(8):1065–73. Available from: 

http://dx.doi.org/10.1016/j.jval.2017.05.009 

344.  Kapalla M. An overview of the healthcare system in the Slovak Republic. EPMA J 

[Internet]. [cited 2011 Sep 12]; Available from: 

http://www.springerlink.com/index/912V7106WX101627.pdf 

345.  Durán I, Garzón C, Sánchez A, García-Carbonero I, Pérez-Gracia JL, Seguí-Palmer 

MAÁA, et al. Cost analysis of skeletal-related events in Spanish patients with bone 

metastases from solid tumours. Clin Transl Oncol [Internet]. 2014;16(3):322–9. 

Available from: http://dx.doi.org/10.1007/s12094-013-1077-2 

346.  Lidgren M, Jonsson B, Rehnberg C, Willking N, Bergh J. Cost-effectiveness of HER2 

testing and 1-year adjuvant trastuzumab therapy for early breast cancer. Ann Oncol 

[Internet]. 2007;19(3):487–95. Available from: 

http://dx.doi.org/10.1093/annonc/mdm488 

347.  Matter-Walstra K, Schwenkglenks M, Betticher D, von Moos R, Dietrich D, Baertschi 

D, et al. Bevacizumab Continuation Versus Treatment Holidays After First-Line 

Chemotherapy With Bevacizumab in Patients With Metastatic Colorectal Cancer: A 

Health Economic Analysis of a Randomized Phase 3 Trial (SAKK 41/06). Clin 

Colorectal Cancer [Internet]. 2016;15(4):314-320.e2. Available from: 

http://dx.doi.org/10.1016/j.clcc.2016.03.002 

348.  Akın L, Macabéo B, Caliskan Z, Altinel S, Satman I. Cost-Effectiveness of Increasing 

Influenza Vaccination Coverage in Adults with Type 2 Diabetes in Turkey. PLoS One 

[Internet]. 2016;11(6):e0157657. Available from: 

http://dx.doi.org/10.1371/journal.pone.0157657 

349.  Linde M, Gustavsson A, Stovner LJ, Steiner TJ, Barré J, Katsarava Z, et al. The cost of 

headache disorders in Europe: The Eurolight project. Eur J Neurol [Internet]. 

2012;19(5):703–11. Available from: http://dx.doi.org/10.1111/j.1468-



Chapter 8  Bibliography 

190 
 

1331.2011.03612.x 

350.  Simoens S, De Naeyer L, Dedeken P. Cost Effectiveness of Lacosamide in the 

Adjunctive Treatment of Patients with Refractory Focal Epilepsy in Belgium. CNS 

Drugs [Internet]. 2012;26(4):337–50. Available from: 

http://dx.doi.org/10.2165/11599240-000000000-00000 

351.  Zannetos S, Zachariadou T, Zachariades A, Georgiou A, Talias MA. The economic 

burden of adult asthma in Cyprus; a prevalence-based cost of illness study. BMC Public 

Health [Internet]. 2017;17(1). Available from: http://dx.doi.org/10.1186/s12889-017-

4184-0 

352.  Nielsen R, Kankaanranta H, Bjermer L, Lange P, Arnetorp S, Hedegaard M, et al. Cost 

effectiveness of adding budesonide/formoterol to tiotropium in COPD in four Nordic 

countries. Respir Med [Internet]. 2013;107(11):1709–21. Available from: 

http://dx.doi.org/10.1016/j.rmed.2013.06.007 

353.  de Zélicourt M, de Toffol B, Vespignani H, Laurendeau C, Lévy-Bachelot L, Murat C, et 

al. Management of focal epilepsy in adults treated with polytherapy in France: The direct 

cost of drug resistance (ESPERA study). Seizure [Internet]. 2014;23(5):349–56. 

Available from: http://dx.doi.org/10.1016/j.seizure.2014.01.016 

354.  Syriopoulou V, Kafetzis D, Theodoridou M, Syrogiannopoulos GA, Mantagos S, Trimis 

G, et al. Evaluation of potential medical and economic benefits of universal rotavirus 

vaccination in Greece. Acta Paediatr [Internet]. 2011;100(5):732–9. Available from: 

http://dx.doi.org/10.1111/j.1651-2227.2010.02127.x 

355.  Polinder S. APOLLO : The economic consequences of injury Final report. Rotterdam; 

2008.  

356.  Van Gils CWM, de Groot S, Tan SS, Redekop WK, Koopman M, Punt CJA, et al. Real-

world resource use and costs of adjuvant treatment for stage III colon cancer. Eur J 

Cancer Care (Engl) [Internet]. 2015;24(3):321–32. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/24372941 

357.  Czech M, Rosinska M, Rogalska J, Staszewska E, Stefanoff P. Costs of Medically 

Attended Acute Gastrointestinal Infections: The Polish Prospective Healthcare 

Utilization Survey. Value Heal Reg Issues [Internet]. 2013;2(2):210–7. Available from: 

http://dx.doi.org/10.1016/j.vhri.2013.06.011 

358.  Janković SM, Kostić M. Cost-Effectiveness of Introducing Point-of-Care Test for 

Detection of Level of Glycogen Phosphorylase in Early Diagnostic Algorithm of Acute 

Coronary Syndrome. Value Heal Reg Issues [Internet]. 2016;10:79–84. Available from: 

http://dx.doi.org/10.1016/j.vhri.2016.08.003 

359.  Lane S, Molina J, Plusa T. An international observational prospective study to determine 

the Cost Of Asthma eXacerbations (COAX). Respir Med [Internet]. 2006;100(3):434–

50. Available from: http://dx.doi.org/10.1016/j.rmed.2005.06.012 

360.  Eichler K, Hess S, Chmiel C, Bögli K, Sidler P, Senn O, et al. Sustained health-

economic effects after reorganisation of a Swiss hospital emergency centre: a cost 

comparison study. Emerg Med J [Internet]. 2013;31(10):818–23. Available from: 

http://dx.doi.org/10.1136/emermed-2013-202760 

361.  Gordon H, Brindley JH, Zheng C, Graby J, Abdullah MA, Mawdsley J, et al. PWE-033 

The Incidence and Cost of Unexpected Hospital Attendance Following Elective 

Outpatient Flexible Sigmoidoscopy: Abstract PWE-033 Table. Gut [Internet]. 

2013;62(Suppl 1):A143.3-A144. Available from: http://dx.doi.org/10.1136/gutjnl-2013-

304907.322 



Chapter 8  Bibliography 

191 
 

362.  Annemans L, Strens D, Lox E, Petit C, Malonne H. Cost-effectiveness analysis of 

aprepitant in the prevention of chemotherapy-induced nausea and vomiting in Belgium. 

Support Care Cancer [Internet]. 2008;16(8):905–15. Available from: 

http://dx.doi.org/10.1007/s00520-007-0349-1 

363.  Petrou P, Talias MA. Cost–effectiveness of sorafenib compared to best supportive care 

in second line renal cell cancer from a payer perspective in Cyprus. Expert Rev 

Pharmacoecon Outcomes Res [Internet]. 2014;14(1):131–8. Available from: 

http://dx.doi.org/10.1586/14737167.2014.873703 

364.  Borget I, Bonastre J, Catargi B, Déandréis D, Zerdoud S, Rusu D, et al. Quality of life 

and cost-effectiveness assessment of radioiodine ablation strategies in patients with 

thyroid cancer: Results from the randomized phase III ESTIMABL trial. J Clin Oncol 

[Internet]. 2015;33(26):2885–92. Available from: 

http://dx.doi.org/10.1200/jco.2015.61.6722 

365.  Ihbe-Heffinger A, Paessens BJ, Von Schilling C, Shlaen M, Gottschalk N, Berger K, et 

al. Management of febrile neutropenia - A German prospective Hospital cost analysis in 

lymphoproliferative disorders, non-small cell lung cancer, and primary breast cancer. 

Onkologie [Internet]. 2011;34(5):241–6. Available from: 

http://dx.doi.org/10.1159/000327711 

366.  Fragoulakis V, Papagiannopoulou V, Kourlaba G, Maniadakis N, Fountzilas G. Cost-

Minimization Analysis of the Treatment of Patients With Metastatic Colorectal Cancer 

in Greece. Clin Ther [Internet]. 2012;34(10):2132–42. Available from: 

http://dx.doi.org/10.1016/j.clinthera.2012.09.005 

367.  O’Brien C, Fogarty E, Walsh C, Dempsey O, Barry M, Kennedy MJJ, et al. The cost of 

the inpatient management of febrile neutropenia in cancer patients - a micro-costing 

study in the Irish healthcare setting. Eur J Cancer Care (Engl) [Internet]. 

2015;24(1):125–32. Available from: http://doi.wiley.com/10.1111/ecc.12182 

368.  Govaert JA, van Dijk WA, Fiocco M, Scheffer AC, Gietelink L, Wouters MWJM, et al. 

Nationwide Outcomes Measurement in Colorectal Cancer Surgery: Improving Quality 

and Reducing Costs. J Am Coll Surg [Internet]. 2016;222(1):19-29.e2. Available from: 

http://dx.doi.org/10.1016/j.jamcollsurg.2015.09.020 

369.  Norum J, Olsen JA. A cost-effectiveness approach to the Norwegian follow-up 

programme in colorectal cancer. Ann Oncol [Internet]. 1997;8(11):1081–7. Available 

from: http://dx.doi.org/10.1023/a:1008265614183 

370.  Mesti T, Boshkoska BM, Kos M, Tekavčič M, Ocvirk J, Tekav M, et al. The cost of 

systemic therapy for metastatic colorectal carcinoma in Slovenia: discrepancy analysis 

between cost and reimbursement. Radiol Oncol [Internet]. 2015;49(2):200–8. Available 

from: http://dx.doi.org/10.2478/raon-2014-0046 

371.  Sanclemente-Ansó C, Bosch X, Salazar A, Moreno R, Capdevila C, Rosón B, et al. Cost-

minimization analysis favors outpatient quick diagnosis unit over hospitalization for the 

diagnosis of potentially serious diseases. Eur J Intern Med [Internet]. 2016;30:11–7. 

Available from: http://dx.doi.org/10.1016/j.ejim.2015.12.015 

372.  Gehrman J, Björholt I, Angenete E, Andersson J, Bonjer J, Haglind E. Health economic 

analysis of costs of laparoscopic and open surgery for rectal cancer within a randomized 

trial (COLOR II). Surg Endosc [Internet]. 2017;31(3):1225–34. Available from: 

http://dx.doi.org/10.1007/s00464-016-5096-2 

373.  Franks PJ, Bosanquet N, Thorpe H, Brown JM, Copeland J, Smith AMH, et al. Short-

term costs of conventional vs laparoscopic assisted surgery in patients with colorectal 

cancer (MRC CLASICC trial). Br J Cancer [Internet]. 2006;95(1):6–12. Available from: 



Chapter 8  Bibliography 

192 
 

http://dx.doi.org/10.1038/sj.bjc.6603203 

374.  European Commission. HICP (2015 = 100) - annual data (average index and rate of 

change) [Internet]. Eurostat. 2015 [cited 2017 Oct 11]. Available from: 

http://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=prc_hicp_aind&lang=en 

375.  Domeikienė A, Vaivadaitė J, Ivanauskienė R, Padaiga Ž. Direct cost of patients with 

type 2 diabetes mellitus healthcare and its complications in Lithuania. Medicina (B 

Aires) [Internet]. 2014;50(1):54–60. Available from: 

http://dx.doi.org/10.1016/j.medici.2014.05.007 

376.  Organisation for Economic Co-operation and Development. Pharmaceutical spending. 

[Internet]. 2015 [cited 2017 Sep 16]. Available from: 

https://data.oecd.org/healthres/pharmaceutical-spending.htm 

377.  Grech K, Podesta M, Calleja A, Calleja N. Report on the Performance of the Maltese 

Health System, 2015 [Internet]. Valleta; 2015. Available from: 

https://health.gov.mt/en/dhir/Documents/HSPA - Malta Report - Final 050416.pdf 

378.  Dimitrova N, Petkova Y, Uzunova L, Tonev S, Grozeva T, Kuneva T, et al. Cancer 

Incidence in Bulgaria 2011 [Internet]. Vol. XXII, Bulgarian National Cancer Registry. 

2013. Available from: http://www.sbaloncology.bg/bg/bulgarian-cancer-reg 

379.  NORDCAN. Cancer statistics for the Nordic countries [Internet]. 2015 [cited 2018 Jan 

14]. Available from: http://www-dep.iarc.fr/NORDCAN/english/frame.asp 

380.  National Cancer Registry Ireland. Key facts most common cancers [Internet]. 2017. 

Available from: http://www.ncri.ie/sites/ncri/files/factsheets/all cancers_0.pdf 

381.  Centre for Disease Prevention and Control of Latvia. Statistical data on oncological 

patients. [Internet]. 2015 [cited 2018 Jan 14]. Available from: 

https://www.spkc.gov.lv/lv/statistika-un-petijumi/statistika/veselibas-aprupes-statistika1/ 

382.  Zadnik V, Primic Žakelj M. Cancer in Slovenia 2014 [Internet]. Ljubljana; 2017. 

Available from: https://www.onko-

i.si/fileadmin/onko/datoteke/dokumenti/RRS/LP_2014.pdf 

383.  Lorez M, Heusser R, Arndt V. Prevalence of Cancer Survivors in Switzerland. 

Schweizer Krebsbulletin. 2014;(4):285–8.  

384.  Robert Koch Institute. Cancer in Germany in 2013/2014. Berlin; 2018.  

385.  Public Health England. NCRAS-TCST Partnership. [Internet]. National Cancer 

Registration and Analysis Service. 2015 [cited 2019 Jan 15]. Available from: 

http://www.ncin.org.uk/local_cancer_intelligence/tcst 

386.  European Commission. Physicians by medical speciality. [Internet]. Eurostat. 2015 

[cited 2018 Apr 1]. Available from: 

http://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=hlth_rs_spec&lang=en 

387.  European Commission. Medical technologies - examinations by medical imaging 

techniques (CT, MRI and PET). [Internet]. Eurostat. 2015 [cited 2018 Apr 1]. Available 

from: http://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=hlth_co_exam&lang=en 

388.  European Commission. Medical Technology [Internet]. Eurostat. 2015 [cited 2018 Apr 

1]. Available from: 

http://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=hlth_rs_equip&lang=en 

389.  European Commission. Surgical operations and procedures performed in hospitals by 

ICD-9-CM. [Internet]. Eurostat. 2015 [cited 2018 Apr 1]. Available from: 

http://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=hlth_co_proc2&lang=en 



Chapter 8  Bibliography 

193 
 

390.  European Commission. Minimum wages [Internet]. Eurostat. 2015 [cited 2017 Aug 4]. 

Available from: 

https://ec.europa.eu/eurostat/tgm/table.do?tab=table&init=1&plugin=1&pcode=tps00155

&language=en 

391.  Statistics Austria. Structure of Earnings Survey [Internet]. 2014 [cited 2017 Aug 4]. 

Available from: 

http://www.statistik.at/web_en/statistics/PeopleSociety/social_statistics/personal_income

/structure_of_earnings/index.html 

392.  Ministry of Finance. Structure of Earnings Survey - Hourly Earnings of Employees 

[Internet]. Statistical Service. 2014 [cited 2017 Aug 4]. Available from: 

https://www.mof.gov.cy/mof/cystat/statistics.nsf/labour_34main_en/labour_34main_en?

OpenForm&sub=4&sel=2 

393.  Statistics Denmark. Labour, Income and Wealth [Internet]. Statbank Denmark. 2015 

[cited 2019 May 19]. Available from: 

https://www.statbank.dk/statbank5a/default.asp?w=1366 

394.  Hanushek EA. Structure of Earnings. Off Stat Finl [Internet]. 2012;55(2):204–13. 

Available from: http://www.stat.fi/til/pra/2015/pra_2015_2017-04-06_en.pdf 

395.  Statistics Iceland. Distribution of earnings for full-time employees in the private and the 

public sector by occupational group and sex. [Internet]. 2015 [cited 2017 Aug 4]. 

Available from: 

http://px.hagstofa.was/pxen/pxweb/en/Samfelag/Samfelag__launogtekjur__2_laun__1_l

aun/VIN02002.px/?rxid=4177b280-89e9-46b7-a3ca-ee6f69c913a4 

396.  Istituto Nazionale di Statistica. Gross earnings in enterprises with more than 500 

employees -monthly data. [Internet]. Labour and Wages. 2015 [cited 2017 Aug 4]. 

Available from: https://www.istat.it/en/labour-and-wages 

397.  Lien HH, Beyrer S, Lunde H. Quality Report on the Norwegian Structure of Earnings 

Survey 2006 [Internet]. 2009. Available from: 

https://www.ssb.no/a/english/publikasjoner/pdf/rapp_200920_en/rapp_200920_en.pdf 

398.  Statistics Sweden. Structure of Salaries [Internet]. Labour Market. 2011 [cited 2017 Aug 

4]. Available from: http://www.scb.se/en_/Finding-statistics/Statistics-by-subject-

area/Labour-market/Wages-salaries-and-labour-costs/Wage-and-salary-structures-in-the-

private-sector-SLP/Aktuell-Pong/7538/Behallare-for-Press/Structure-of-salaries-2011/ 

399.  Lohncomputer. Switzerland Wages Computer. [Internet]. 2015 [cited 2017 Aug 4]. 

Available from: https://www.lohncomputer.ch/en/wages/ 

400.  European Commission. Structure of earnings survey: annual earnings. [Internet]. 

Eurostat. 2014 [cited 2017 Aug 13]. Available from: 

http://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=earn_ses_annual&lang=en 

401.  European Commission. Employment rate by sex. [Internet]. Eurostat. 2015 [cited 2017 

Oct 12]. Available from: 

https://ec.europa.eu/eurostat/tgm/table.do?tab=table&init=1&plugin=1&pcode=tesem01

0&language=en 

402.  Ritachelová I, Bechtold R, Elischer D, Ernest J, Holy D, Hrbek J, et al. Statistical 

Yearbook of the Czech Republic. 2016. 1–823 p.  

403.  Statistics Denmark. Absence by sector, sex, cause of absence, occupation and indicator 

of absence. [Internet]. Statbank Denmark. 2014 [cited 2017 Sep 2]. Available from: 

http://www.statistikbanken.dk/statbank5a/SelectVarVal/Define.asp?Maintable=FRA020

&PLanguage=1 



Chapter 8  Bibliography 

194 
 

404.  Statistics Estonia. Statistical Yearbook of Estonia [Internet]. 2016. Available from: 

https://www.stat.ee/publication-2016_statistical-yearbook-of-estonia-2016 

405.  Social Insurance Institution of Finland. Sickness allowance: Number of recipients and 

allowances paid out. [Internet]. Kela. 2015 [cited 2017 Sep 4]. Available from: 

http://raportit.kela.fi/ibi_apps/WFServlet?IBIF_ex=NIT098AL&YKIELI=E 

406.  Social Insurance Institution of Finland. Sickness allowance: Duration of new payments. 

[Internet]. Kela. 2015 [cited 2017 Sep 4]. Available from: 

http://raportit.kela.fi/ibi_apps/WFServlet?IBIF_ex=NIT123AL&YKIELI=E 

407.  Organisation for Economic Co-operation and Development. Health Status. [Internet]. 

OECD.Stat. 2015 [cited 2017 Sep 4]. Available from: 

http://stats.oecd.org/index.aspx?DataSetCode=HEALTH_STAT# 

408.  Vahtera J, Westerlund H, Ferrie JE, Head J, Melchior M, Singh-Manoux A, et al. All-

cause and diagnosis-specific sickness absence as a predictor of sustained suboptimal 

health: a 14-year follow-up in the GAZEL cohort. J Epidemiol Community Heal 

[Internet]. 2009;64(4):311–7. Available from: 

http://dx.doi.org/10.1136/jech.2008.083923 

409.  Federal Health Reporting. Absenteeism Due to Ill Health, Number of staff away sick. 

[Internet]. 2015 [cited 2017 Sep 4]. Available from: http://www.gbe-bund.de/ 

410.  Federal Health Reporting. Inability to work of compulsory members of the Local 

Statutory Health Insurance (AOK) without pensionsers (cases and days of inability to 

work, days per case). [Internet]. 2015 [cited 2017 Sep 4]. Available from: 

http://www.gbe-bund.de/ 

411.  Health and Safety Authority. Summary of workplace injury, illness and fatality statistics 

2014-2015. [Internet]. 2016. Available from: 

http://www.hsa.ie/eng/Publications_and_Forms/Publications/Corporate/HSA_Statistics_

Report_2014-2015.pdf 

412.  Giaccon M. Absence from work - Italy. [Internet]. Eurofound. 2010 [cited 2017 Sep 6]. 

Available from: https://www.eurofound.europa.eu/observatories/eurwork/comparative-

information/national-contributions/italy/absence-from-work-italy 

413.  Barbini N, Beretta GG, Minnucci MP, Andreani M. Le principali patologie causa di 

assenza dal lavoro . Analisi della banca dati INPS. 2006;14–9.  

414.  Curkina I, Berdnikovs A. Absence from work - Latvia. [Internet]. Eurofound. 2010 

[cited 2017 Sep 6]. Available from: 

https://www.eurofound.europa.eu/publications/report/2010/absence-from-work-latvia 

415.  Blaziene I. Absence from work - Lithuania [Internet]. Eurofound. 2010 [cited 2017 Sep 

6]. Available from: 

https://www.eurofound.europa.eu/observatories/eurwork/comparative-

information/national-contributions/lithuania/absence-from-work-lithuania 

416.  Mazoyer T. L’Absentéisme Pour Cause de Maladie en 2012. Vol. 2, Apercus. 2013.  

417.  Hooff M Van, Bossche S Van Den, Smulders P. The Netherlands Working Conditions 

Survey [Internet]. TNO Quality of Life. 2008. Available from: 

https://www.researchgate.net/publication/237303191_The_Netherlands_Working_Condi

tions_Survey 

418.  Roelen CAM, Koopmans PC, Anema JR, van der Beek AJ. Recurrence of Medically 

Certified Sickness Absence According to Diagnosis: A Sickness Absence Register 

Study. J Occup Rehabil [Internet]. 2010;20(1):113–21. Available from: 



Chapter 8  Bibliography 

195 
 

http://dx.doi.org/10.1007/s10926-009-9226-8 

419.  Statistics Norway. Sickness Absence. [Internet]. 2014 [cited 2017 Sep 7]. Available 

from: https://www.ssb.no/en/arbeid-og-lonn/statistikker/sykefratot/kvartal/2015-03-12 

420.  Gjesdal S, Bratberg E. Diagnosis and duration of sickness absence as predictors for 

disability pension: Results from a three-year, multi-register based* and prospective 

study. Scand J Public Health [Internet]. 2003;31(4):246–54. Available from: 

http://dx.doi.org/10.1080/14034940210165154 

421.  Patek A. Social Security in Poland [Internet]. 2017. Available from: 

http://www.bsv.admin.ch/themen/ueberblick/00003/index.html?lang=en 

422.  Macioch T, Hermanowski T. The Indirect Costs of Cancer-Related Absenteeism in the 

Workplace in Poland. J Occup Enviromental Med [Internet]. 2011;53(12):1472–7. 

Available from: http://dx.doi.org/10.1097/jom.0b013e3182398dc7 

423.  Ministerio do Trabalho e da Solidariedade Social. Balanco Social [Internet]. 2015. 

Available from: http://www.sg.mtsss.pt/preview_documentos.asp?r=3172&m=PDF 

424.  Ciutacu C. Absence from work – Romania. Eurofound. 2010.  

425.  Matulová S. Absence from work – Slovakia. [Internet]. Eurofound. 2010 [cited 2017 Sep 

7]. Available from: 

https://www.eurofound.europa.eu/observatories/eurwork/comparative-

information/national-contributions/slovakia/absence-from-work-slovakia 

426.  Mrcela M. Absence from Work – Slovenia. [Internet]. Eurofound2. 2010 [cited 2019 Sep 

7]. Available from: 

https://www.eurofound.europa.eu/observatories/eurwork/comparative-

information/national-contributions/slovenia/absence-from-work-slovenia 

427.  Oliva J. Pérdidas laborales ocasionadas por las enfermedades y problemas de salud en 

España en el año 2005 [Internet]. Madrid: Papeles de Trabajo del Instituto de Estudios 

…. 2010. Available from: 

http://www.ief.es/documentos/recursos/publicaciones/papeles_trabajo/2010_05.pdf 

428.  Federal Statistics Bureau. Annual volume of absences of employees according to 

different reasons of absence, sex, nationality and occupation rate [Internet]. 2017 [cited 

2017 Sep 7]. Available from: https://www.bfs.admin.ch/bfs/fr/home/statistiques/travail-

remuneration/activite-professionnelle-temps-travail/temps-

travail/absences.assetdetail.2967236.html 

429.  Lidwallm U. Long-term sickness absence: Aspects of Society , Work , and Family 

[Internet]. Karolinska Institutet; 2010. Available from: 

https://openarchive.ki.se/xmlui/bitstream/handle/10616/38927/thesis.pdf?sequence=1&is

Allowed=y 

430.  Jakovljevic M, Malmose-Stapelfeldt C, Milovanovic O, Rancic N, Bokonjic D. 

Disability, Work Absenteeism, Sickness Benefits, and Cancer in Selected European 

OECD Countries—Forecasts to 2020. Front Public Heal [Internet]. 2017;5. Available 

from: http://dx.doi.org/10.3389/fpubh.2017.00023 

431.  Chartered Institute of Personnel and Development. Absence management. [Internet]. 

2014 [cited 2017 Sep 7]. Available from: 

https://www.cipd.co.uk/knowledge/fundamentals/relations/absence/absence-

management-surveys 

432.  Department for Work and Pensions. Incapacity Benefits detailed medical conditions and 

duration. [Internet]. 2011 [cited 2017 Sep 7]. Available from: 



Chapter 8  Bibliography 

196 
 

https://www.gov.uk/government/statistics/incapacity-benefits--2 

433.  Statistik Austria. Statistisches Jahrbuch Österreichs [Internet]. 2014 [cited 2017 Aug 8]. 

Available from: 

http://www.statistik.at/web_en/publications_services/statistisches_jahrbuch/index.html 

434.  Institut National d’Assurance Maladie-Invalidite. Disability statistics for employed and 

unemployed. [Internet]. 2014 [cited 2017 Aug 31]. Available from: 

http://www.inami.fgov.be/fr/statistiques/indemnites/2014/Pages/statistiques-

invalidite.aspx#.Waf1BciGPIV 

435.  Eurofound. Absence from Work - Bulgaria [Internet]. 2010. Available from: 

https://www.eurofound.europa.eu/observatories/eurwork/comparative-

information/national-contributions/bulgaria/absence-from-work-bulgaria 

436.  Hellenic Statistical Authority. Statistical Yearbook of Greece 2009 & 2010. [Internet]. 

2012 [cited 2017 Sep 4]. Available from: 

http://dlib.statistics.gr/portal/page/portal/ESYE/showdetails?p_id=14052938&p_derive=

book&p_topic=10007369 

437.  Social Insurance Institution of Finland. Recipients of disability benefit by diagnosis. 

[Internet]. Kela. 2015 [cited 2017 Sep 4]. Available from: 

http://raportit.kela.fi/ibi_apps/WFServlet?IBIF_ex=NIT147BL&YKIELI=E 

438.  Cuerq A, Païta M, Ricordeau P. Les causes medicales de l’invalidite. Vacarme. 2014;4–

5(4):1–8.  

439.  Federal Health Reporting. Lost workforce years in 1,000 years for Germany. 

Classification: years, sex, causes, ICD10. [Internet]. 2015 [cited 2017 Sep 4]. Available 

from: http://www.gbe-bund.de/ 

440.  Statistics Iceland. Recipients of disability pensions by sex and age 2009 – 2015 

[Internet]. 2015 [cited 2017 Sep 5]. Available from: 

http://px.hagstofa.was/pxen/pxweb/en/Samfelag/Samfelag__felagsmal__tryggingar/HEI

03106.px/?rxid=36e91d7a-8236-4807-b8c9-11ed79a31595 

441.  Statistics Iceland. Recipients of disability pensions/allowances by diagnostic group 2003. 

[Internet]. 2015 [cited 2017 Sep 5]. Available from: 

http://px.hagstofa.was/pxen/pxweb/en/Samfelag/Samfelag__felagsmal__tryggingar/HEI

03107.px/?rxid=36e91d7a-8236-4807-b8c9-11ed79a31595 

442.  Fit for Work Italia. Malattie reumatiche croniche invalidanti, tra salute e lavoro. 

[Internet]. National Health Plan. 2011. Available from: 

http://www.reumatologia.it/obj/files/dossier.pdf 

443.  European Commission. GDP and main components (output, expenditure and income). 

[Internet]. Eurostat. 2015 [cited 2017 Jul 17]. Available from: 

http://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=nama_10_gdp&lang=en 

444.  Institute for Health Metrics and Evaluation. GBD Results Tool. [Internet]. Global Health 

Data Exchange. 2015 [cited 2017 Sep 20]. Available from: 

http://ghdx.healthdata.org/gbd-results-tool 

445.  Huxley N, Crathorne L, Varley-Campbell J, Tikhonova I, Snowsill T, Briscoe S, et al. 

The clinical effectiveness and cost-effectiveness of cetuximab (review of technology 

appraisal no. 176) and panitumumab (partial review of technology appraisal no. 240) for 

previously untreated metastatic colorectal cancer: a systematic review and economi. 

Health Technol Assess (Rockv) [Internet]. 2017;21(38):1–294. Available from: 

http://dx.doi.org/10.3310/hta21380 



Chapter 8  Bibliography 

197 
 

446.  Van Cutsem E, Cervantes A, Adam R, Sobrero A, Van Krieken JH, Aderka D, et al. 

ESMO consensus guidelines for the management of patients with metastatic colorectal 

cancer. Ann Oncol [Internet]. 2016;27(8):1386–422. Available from: 

http://dx.doi.org/10.1093/annonc/mdw235 

447.  Poston G, Adam R, Xu J, Byrne B, Esser R, Malik H, et al. The role of cetuximab in 

converting initially unresectable colorectal cancer liver metastases for resection. Eur J 

Surg Oncol [Internet]. 2017;43(11):2001–11. Available from: 

http://dx.doi.org/10.1016/j.ejso.2017.07.021 

448.  Karapetis CS, Khambata-Ford S, Jonker DJ, O’Callaghan CJ, Tu D, Tebbutt NC, et al. 

K-ras Mutations and Benefit from Cetuximab in Advanced Colorectal Cancer. N Engl J 

Med [Internet]. 2008;359(17):1757–65. Available from: 

http://dx.doi.org/10.1056/nejmoa0804385 

449.  Bokemeyer C, Bondarenko I, Hartmann JT, de Braud F, Schuch G, Zubel A, et al. 

Efficacy according to biomarker status of cetuximab plus FOLFOX-4 as first-line 

treatment for metastatic colorectal cancer: the OPUS study. Ann Oncol [Internet]. 

2011;22(7):1535–46. Available from: http://dx.doi.org/10.1093/annonc/mdq632 

450.  National Institute for Health and Clinical Excellence (NICE). KRAS mutation testing of 

tumours in adults with metastatic colorectal cancer. [Internet]. 2018 [cited 2018 Dec 29]. 

Available from: https://www.nice.org.uk/guidance/gid-dt14/documents/kras-mutation-

testing-of-tumours-in-adults-with-metastatic-colorectal-cancer-overview2 

451.  van Helden EJ, Menke-van der Houven van Oordt CW, Heymans MW, Ket JCF, van 

den Oord R, Verheul HMW. Optimal use of anti-EGFR monoclonal antibodies for 

patients with advanced colorectal cancer: a meta-analysis. Cancer Metastasis Rev 

[Internet]. 2017;36(2):395–406. Available from: http://dx.doi.org/10.1007/s10555-017-

9668-y 

452.  Stintzing S, Modest DP, Rossius L, Lerch MM, von Weikersthal LF, Decker T, et al. 

FOLFIRI plus cetuximab versus FOLFIRI plus bevacizumab for metastatic colorectal 

cancer (FIRE-3): a post-hoc analysis of tumour dynamics in the final RAS wild-type 

subgroup of this randomised open-label phase 3 trial. Lancet Oncol [Internet]. 

2016;17(10):1426–34. Available from: http://dx.doi.org/10.1016/s1470-2045(16)30269-

8 

453.  Lipinski KA, Barber LJ, Davies MN, Ashenden M, Sottoriva A, Gerlinger M. Cancer 

Evolution and the Limits of Predictability in Precision Cancer Medicine. Trends in 

Cancer [Internet]. 2016;2(1):49–63. Available from: 

http://dx.doi.org/10.1016/j.trecan.2015.11.003 

454.  Oronsky B, Carter CA, Mackie V, Scicinski J, Oronsky A, Oronsky N, et al. The War on 

Cancer: A Military Perspective. Front Oncol [Internet]. 2015;4. Available from: 

http://dx.doi.org/10.3389/fonc.2014.00387 

455.  Berry SR, Cosby R, Asmis T, Chan K, Hammad N, Krzyzanowska MK. Continuous 

versus intermittent chemotherapy strategies in metastatic colorectal cancer: a systematic 

review and meta-analysis. Ann Oncol [Internet]. 2014;26(3):477–85. Available from: 

http://dx.doi.org/10.1093/annonc/mdu272 

456.  Adams RA, Meade AM, Seymour MT, Wilson RH, Madi A, Fisher D, et al. Intermittent 

versus continuous oxaliplatin and fluoropyrimidine combination chemotherapy for first-

line treatment of advanced colorectal cancer: results of the randomised phase 3 MRC 

COIN trial. Lancet Oncol [Internet]. 2011;12(7):642–53. Available from: 

http://dx.doi.org/10.1016/s1470-2045(11)70102-4 

457.  Briggs AH, O’Brien BJ. The death of cost-minimization analysis? Health Econ 



Chapter 8  Bibliography 

198 
 

[Internet]. 2001;10(2):179–84. Available from: http://dx.doi.org/10.1002/hec.584 

458.  Woods, B, Sideris, E, Palmer, S, Latimer, N, Soares M. Partitioned survival analysis for 

decision modelling in health care: a critical review. NICE DSU Tech Support Doc 

[Internet]. 2017;19:1–72. Available from: http://scharr.dept.shef.ac.uk/nicedsu/wp-

content/uploads/sites/7/2017/06/Partitioned-Survival-Analysis-final-report.pdf 

459.  Williams C, Lewsey JD, Mackay DF, Briggs AH. Estimation of Survival Probabilities 

for Use in Cost-effectiveness Analyses: A Comparison of a Multi-state Modeling 

Survival Analysis Approach with Partitioned Survival and Markov Decision-Analytic 

Modeling. Med Decis Mak [Internet]. 2016;37(4):427–39. Available from: 

http://dx.doi.org/10.1177/0272989x16670617 

460.  Mulcahy, AW, Hlavka, JP, Case S. Biosimilar cost savings in the United States: initial 

experience and future potential. Rand Heal Q [Internet]. 2018;7(4). Available from: 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6075809/ 

461.  National Institute for Health and Clinical Excellence (NICE). Final Appraisal 

Determination. [Internet]. 2006 [cited 2018 Dec 15]. Available from: 

https://www.nice.org.uk/guidance/ta100/documents/colon-cancer-adjuvant-capecitabine-

oxaliplatin-final-appraisal-determination2 

462.  National Institute for Health and Clinical Excellence (NICE). FOLINIC ACID | 

Medicinal [Internet]. British National Formulary. [cited 2018 Dec 15]. Available from: 

https://bnf.nice.org.uk/medicinal-forms/folinic-acid.html 

463.  National Institute for Health and Clinical Excellence (NICE). FLUOROURACIL | 

Medicinal forms. [Internet]. British National Formulary. [cited 2018 Dec 15]. Available 

from: https://bnf.nice.org.uk/medicinal-forms/fluorouracil.html 

464.  NHS. NHS Reference Costs 2009-2010. [Internet]. [cited 2018 Dec 15]. Available from: 

https://www.gov.uk/government/publications/nhs-reference-costs-2009-2010 

465.  John M. Stratified Medicine Services. [Internet]. NHS. [cited 2018 Dec 15]. Available 

from: http://www.wales.nhs.uk/sites3/documents/525/mi-mgn-tumaninfo.pdf 

466.  Blackstone EA, Fuhr JP. The economics of biosimilars. Am Heal Drug Benefits. 

2013;6(8):469–77.  

467.  Schmoll HJ, Van Cutsem E, Stein A, Valentini V, Glimelius B, Haustermans K, et al. 

ESMO Consensus Guidelines for management of patients with colon and rectal cancer. 

A personalized approach to clinical decision making. Ann Oncol [Internet]. 

2012;23(10):2479–516. Available from: http://dx.doi.org/10.1093/annonc/mds236 

468.  Mann J, Stein A. Current Status of Maintenance Systemic Therapies in Metastatic 

Colorectal Cancer: 2018 Update. Curr Colorectal Cancer Rep [Internet]. 2019;15(1):28–

35. Available from: http://dx.doi.org/10.1007/s11888-019-00426-2 

469.  de Gramont A, Buyse M, Abrahantes JC, Burzykowski T, Quinaux E, Cervantes A, et al. 

Reintroduction of oxaliplatin is associated with improved survival in advanced colorectal 

cancer. J Clin Oncol. 2007;25(22):3224–9.  

470.  Pietrantonio F, Morano F, Corallo S, Lonardi S, Cremolini C, Rimassa L, et al. First-line 

FOLFOX plus panitumumab (Pan) followed by 5FU/LV plus Pan or single-agent Pan as 

maintenance therapy in patients with RAS wild-type metastatic colorectal cancer 

(mCRC): The VALENTINO study. J Clin Oncol [Internet]. 2018;36(15_suppl):3505. 

Available from: http://dx.doi.org/10.1200/jco.2018.36.15_suppl.3505 

471.  Modest DP, Pant S, Sartore-Bianchi A. Treatment sequencing in metastatic colorectal 

cancer. Eur J Cancer [Internet]. 2019;109:70–83. Available from: 



Chapter 8  Bibliography 

199 
 

http://dx.doi.org/10.1016/j.ejca.2018.12.019 

472.  National Institute for Health and Clinical Excellence (NICE). OXALIPLATIN | 

Medicinal forms [Internet]. British National Formulary. [cited 2019 Jun 6]. Available 

from: https://bnf.nice.org.uk/medicinal-forms/oxaliplatin. 

473.  Timmins, N, Michael Rawlins, M, Appleby J. A terrible beauty. A short history of 

NICE. Bangkok: Amarin Printing and Publishing Public Co., Ltd.; 2016.  

474.  Griffiths EA. Nice’s Criteria for End-Of-Life Therapies: Is there a Fourth Hurdle to 

Overcome? Value Heal [Internet]. 2016;19(7):A489. Available from: 

http://dx.doi.org/10.1016/j.jval.2016.09.825 

475.  Hoyle M, Peters J, Crathorne L, Jones-Hughes T, Cooper C, Napier M, et al. Cost-

Effectiveness of Cetuximab, Cetuximab Plus Irinotecan, and Panitumumab for Third and 

Further Lines of Treatment for KRAS Wild-Type Patients with Metastatic Colorectal 

Cancer. Value Heal [Internet]. 2013;16(2):288–96. Available from: 

http://dx.doi.org/10.1016/j.jval.2012.11.001 

476.  EuroQol. EQ-5D-3L [Internet]. 1997 [cited 2019 Jan 7]. Available from: 

https://euroqol.org/eq-5d-instruments/eq-5d-3l-about/ 

477.  Drummond M, Barbieri M, Cook J, Glick HA, Lis J, Malik F, et al. Transferability of 

Economic Evaluations Across Jurisdictions: ISPOR Good Research Practices Task Force 

Report. Value Heal [Internet]. 2009;12(4):409–18. Available from: 

http://dx.doi.org/10.1111/j.1524-4733.2008.00489.x 

478.  Wan JCM, Massie C, Garcia-Corbacho J, Mouliere F, Brenton JD, Caldas C, et al. 

Liquid biopsies come of age: towards implementation of circulating tumour DNA. Nat 

Rev Cancer [Internet]. 2017;17(4):223–38. Available from: 

http://dx.doi.org/10.1038/nrc.2017.7 

479.  Jones G. Why are cancer rates increasing? [Internet]. Cancer Research UK. 2015 [cited 

2018 May 12]. Available from: 

https://scienceblog.cancerresearchuk.org/2015/02/04/why-are-cancer-rates-increasing/ 

480.  Torre LA, Siegel RL, Ward EM, Jemal A. Global Cancer Incidence and Mortality Rates 

and Trends—An Update. Cancer Epidemiol Biomarkers Prev [Internet]. 2016 Jan 

1;25(1):16–27. Available from: http://cebp.aacrjournals.org/content/25/1/16.abstract 

481.  Lewison G, Aggarwal A, Roe P, Møller H, Chamberlain C, Sullivan R. UK newspaper 

reporting of the NHS cancer drugs fund, 2010 to 2015: a retrospective media analysis. J 

R Soc Med. 2018;111(10):366–73.  

482.  Ramsey S, Willke R, Briggs A, Brown R, Buxton M, Chawla A, et al. Good research 

practices for cost-effectiveness analysis alongside clinical trials: The ISPOR RCT-CEA 

Task Force report. Value Heal. 2005;8(5):521–33.  

483.  Ramsey SD, Willke RJ, Glick H, Reed SD, Augustovski F, Jonsson B, et al. Cost-

Effectiveness Analysis Alongside Clinical Trials II—An ISPOR Good Research 

Practices Task Force Report. Value Heal [Internet]. 2015;18(2):161–72. Available from: 

http://www.sciencedirect.com/science/article/pii/S1098301515000169 

484.  Nelson MA, Shetty S, Kulakodlu M, Harley C, Seal B. A comparison of mortality and 

costs associated with FOLFOX versus FOLFIRI in stage IV colorectal cancer. J Med 

Econ [Internet]. 2011 Jan 1;14(2):179–86. Available from: 

https://doi.org/10.3111/13696998.2011.556693 

485.  Begum M, Lewison G, Jassem J, Mixich V, Cufer T, Nurgozhin T, et al. Mapping cancer 

research across Central and Eastern Europe, the Russian Federation and Central Asia: 



Chapter 8  Bibliography 

200 
 

Implications for future national cancer control planning. Eur J Cancer. 2018;104:127–36.  

486.  Adams R, Brown E, Brown L, Butler R, Falk S, Fisher D, et al. Inhibition of EGFR, 

HER2, and HER3 signalling in patients with colorectal cancer wild-type for BRAF, 

PIK3CA, KRAS, and NRAS (FOCUS4-D): a phase 2–3 randomised trial. Lancet 

Gastroenterol Hepatol [Internet]. 2018;3(3):162–71. Available from: 

http://dx.doi.org/10.1016/S2468-1253(17)30394-1 

487.  Stern AD, Alexander BM, Chandra A. How economics can shape precision medicines. 

Science (80- ). 2017;355(6330):1131–3.  

488.  Chandra A, Garthwaite C, Stern AD. Characterizing the Drug Development Pipeline. 

Natl Bur Econ Res. 2017;1–54.  

489.  Raftery J. Value based pricing: Can it work? BMJ [Internet]. 2013;347(7929):1–4. 

Available from: http://dx.doi.org/doi:10.1136/bmj.f5941 

490.  Economist Intelligence Unit. Value-based healthcare in the UK: A system of trial and 

error. 2016; Available from: 

https://eiuperspectives.economist.com/sites/default/files/ValuebasedhealthcareUK.pdf 

491.  Cole A, Cubi-Molla P, Pollard J, Sim D, Sullivan R, Sussex J, et al. Making Payment a 

Reality in the NHS : Executive Summary [Internet]. 2019. Available from: 

https://www.cancerresearchuk.org/sites/default/files/obp_final_report_pdf.pdf 

492.  Chandra A, Garthwaite C. The economics of indication-based drug pricing. N Engl J 

Med. 2017;377(2):103–6.  

493.  Haggar FA, Boushey RP. Colorectal cancer epidemiology: Incidence, mortality, 

survival, and risk factors. Clin Colon Rectal Surg. 2009;22(4):191–7.  

494.  Aruni G, Amit G, Dasgupta P. New surgical robots on the horizon and the potential role 

of artificial intelligence. Investig Clin Urol. 2018;59(4):221.  

495.  Panesar SS. The Surgical Singularity Is Approaching. [Internet]. Scientific America. 

2018 [cited 2019 May 7]. Available from: 

https://blogs.scientificamerican.com/observations/the-surgical-singularity-is-

approaching/ 

496.  Kim JH. Controversial issues in radiotherapy for rectal cancer: A systematic review. 

Radiat Oncol J. 2017;35(4):295–305.  

497.  Erlandsson J, Holm T, Pettersson D, Berglund Å, Cedermark B, Radu C, et al. Optimal 

fractionation of preoperative radiotherapy and timing to surgery for rectal cancer 

(Stockholm III): a multicentre, randomised, non-blinded, phase 3, non-inferiority trial. 

Lancet Oncol [Internet]. 2017;18(3):336–46. Available from: 

http://www.sciencedirect.com/science/article/pii/S1470204517300864 

498.  Fields EC, Kaplan BJ, Karlin J, Myers JL, Mukhopadhyay N, Deng X, et al. Phase 1 

Study of Neoadjuvant Short-Course Radiation Therapy Concurrent With Infusional 5-

Fluorouracil for the Treatment of Locally Advanced Rectal Cancer. Adv Radiat Oncol 

[Internet]. 2019;4(4):605–12. Available from: https://doi.org/10.1016/j.adro.2019.04.005 

499.  Valdes G, Iwamoto KS. Re-evaluation of cellular radiosensitization by 5-fluorouracil: 

High-dose, pulsed administration is effective and preferable to conventional low-dose, 

chronic administration. Int J Radiat Biol [Internet]. 2013 Oct 1;89(10):851–62. Available 

from: https://doi.org/10.3109/09553002.2013.797620 

500.  Glynne-Jones R, Wyrwicz L, Tiret E, Brown G, Rödel C, Cervantes A, et al. Rectal 

cancer: ESMO Clinical Practice Guidelines for diagnosis, treatment and follow-up. Ann 

Oncol. 2017;28(January):iv22–40.  



Chapter 8  Bibliography 

201 
 

501.  Dayde D, Tanaka I, Jain R, Tai MC, Taguchi A. Predictive and prognostic molecular 

biomarkers for response to neoadjuvant chemoradiation in rectal cancer. Int J Mol Sci. 

2017;18(3).  

502.  Lobo JM, Trifiletti DM, Sturz VN, Dicker AP, Buerki C, Davicioni E, et al. Cost-

effectiveness of the Decipher Genomic Classifier to Guide Individualized Decisions for 

Early Radiation Therapy After Prostatectomy for Prostate Cancer. Clin Genitourin 

Cancer [Internet]. 2017;15(3):e299–309. Available from: 

http://www.sciencedirect.com/science/article/pii/S1558767316302464 

503.  Dawod MAI, Sui JSY, Kelly D, McSorley LM, Brady C, Bambury R, et al. Clinical 

utility of Oncotype DX in early stage colon cancer. J Clin Oncol [Internet]. 2017 May 

20;35(15_suppl):e15076–e15076. Available from: 

https://doi.org/10.1200/JCO.2017.35.15_suppl.e15076 

504.  Reimers MS, Kuppen PJK, Lee M, Lopatin M, Tezcan H, Putter H, et al. Validation of 

the 12-Gene Colon Cancer Recurrence Score as a Predictor of Recurrence Risk in Stage 

II and III Rectal Cancer Patients. JNCI J Natl Cancer Inst [Internet]. 2014 Sep 

27;106(11). Available from: https://doi.org/10.1093/jnci/dju269 

505.  Rosati G, Avallone A, Aprile G, Butera A, Reggiardo G, Bilancia D. XELOX and 

bevacizumab followed by single-agent bevacizumab as maintenance therapy as first-line 

treatment in elderly patients with advanced colorectal cancer: The boxe study. Cancer 

Chemother Pharmacol. 2013;71(1):257–64.  

506.  Kaiser J, Couzin-Frankel J. Biden seeks clear course for his cancer moonshot. Science 

(80- ). 2016;351(6271):325–6.  

507.  Goldman JM, Druker BJ. Chronic myeloid leukemia: current treatment options. Blood 

[Internet]. 2001 Oct 1;98(7):2039 LP – 2042. Available from: 

http://www.bloodjournal.org/content/98/7/2039.abstract 

508.  Joensuu H, Roberts PJ, Sarlomo-Rikala M, Andersson LC, Tervahartiala P, Tuveson D, 

et al. Effect of the Tyrosine Kinase Inhibitor STI571 in a Patient with a Metastatic 

Gastrointestinal Stromal Tumor. N Engl J Med [Internet]. 2001 Apr 5;344(14):1052–6. 

Available from: https://doi.org/10.1056/NEJM200104053441404 

509.  Verweij J, Casali PG, Zalcberg J, LeCesne A, Reichardt P, Blay J-Y, et al. Progression-

free survival in gastrointestinal stromal tumours with high-dose imatinib: randomised 

trial. Lancet [Internet]. 2004;364(9440):1127–34. Available from: 

http://www.sciencedirect.com/science/article/pii/S0140673604170980 

510.  Tasian SK, Loh ML, Hunger SP. Childhood acute lymphoblastic leukemia: Integrating 

genomics into therapy. Cancer [Internet]. 2015 Oct 15;121(20):3577–90. Available 

from: https://doi.org/10.1002/cncr.29573 

511.  Irwin MS, Park JR. Neuroblastoma: Paradigm for precision medicine. Pediatr Clin North 

Am. 2015;62(1):225–56.  

512.  Shaw AT, Kim D-W, Nakagawa K, Seto T, Crinó L, Ahn M-J, et al. Crizotinib versus 

Chemotherapy in Advanced ALK-Positive Lung Cancer. N Engl J Med [Internet]. 2013 

Jun 1;368(25):2385–94. Available from: https://doi.org/10.1056/NEJMoa1214886 

513.  Lynch TJ, Bell DW, Sordella R, Gurubhagavatula S, Okimoto RA, Brannigan BW, et al. 

Activating Mutations in the Epidermal Growth Factor Receptor Underlying 

Responsiveness of Non–Small-Cell Lung Cancer to Gefitinib. N Engl J Med [Internet]. 

2004 May 20;350(21):2129–39. Available from: https://doi.org/10.1056/NEJMoa040938 

514.  Katayama R, Lovly CM, Shaw AT. Therapeutic Targeting of Anaplastic Lymphoma 

Kinase in Lung Cancer: A Paradigm for Precision Cancer Medicine. Clin Cancer Res 



Chapter 8  Bibliography 

202 
 

[Internet]. 2015 May 15;21(10):2227 LP – 2235. Available from: 

http://clincancerres.aacrjournals.org/content/21/10/2227.abstract 

515.  Doroshow JH, Kummar S. Translational research in oncology—10 years of progress and 

future prospects. Nat Rev Clin Oncol [Internet]. 2014 Oct 7;11:649. Available from: 

https://doi.org/10.1038/nrclinonc.2014.158 

516.  Kirk R. Oncotype DX® assay predicts local recurrence in breast cancer. Nat Rev Clin 

Oncol [Internet]. 2010 Jun 1;7:300. Available from: 

https://doi.org/10.1038/nrclinonc.2010.75 

517.  Eggermont A, Robert C, Soria JC, Zitvogel L. Harnessing the immune system to provide 

long-term survival in patients with melanoma and other solid tumors. Oncoimmunology 

[Internet]. 2014 Jan 1;3(1):e27560. Available from: https://doi.org/10.4161/onci.27560 

518.  Antonia S, Goldberg SB, Balmanoukian A, Chaft JE, Sanborn RE, Gupta A, et al. Safety 

and antitumour activity of durvalumab plus tremelimumab in non-small cell lung cancer: 

a multicentre, phase 1b study. Lancet Oncol [Internet]. 2016;17(3):299–308. Available 

from: http://www.sciencedirect.com/science/article/pii/S1470204515005446 

519.  Melosky B, Chu Q, Juergens R, Leighl N, McLeod D, Hirsh V. Pointed Progress in 

Second-Line Advanced Non–Small-Cell Lung Cancer: The Rapidly Evolving Field of 

Checkpoint Inhibition. J Clin Oncol [Internet]. 2016 Feb 16;34(14):1676–88. Available 

from: https://doi.org/10.1200/JCO.2015.63.8049 

520.  Ribas A, Puzanov I, Dummer R, Schadendorf D, Hamid O, Robert C, et al. 

Pembrolizumab versus investigator-choice chemotherapy for ipilimumab-refractory 

melanoma (KEYNOTE-002): a randomised, controlled, phase 2 trial. Lancet Oncol 

[Internet]. 2015;16(8):908–18. Available from: 

http://www.sciencedirect.com/science/article/pii/S1470204515000832 

521.  Postel-Vinay S, Aspeslagh S, Lanoy E, Robert C, Soria J-C, Marabelle A. Challenges of 

phase 1 clinical trials evaluating immune checkpoint-targeted antibodies. Ann Oncol 

[Internet]. 2015 Nov 16;27(2):214–24. Available from: 

https://doi.org/10.1093/annonc/mdv550 

522.  Ilie M, Hofman V, Dietel M, Soria J-C, Hofman P. Assessment of the PD-L1 status by 

immunohistochemistry: challenges and perspectives for therapeutic strategies in lung 

cancer patients. Virchows Arch [Internet]. 2016;468(5):511–25. Available from: 

https://doi.org/10.1007/s00428-016-1910-4 

523.  Meara JG, Leather AJM, Hagander L, Alkire BC, Alonso N, Ameh EA, et al. Global 

Surgery 2030: Evidence and solutions for achieving health, welfare, and economic 

development. Lancet. 2015;386(9993):569–624.  

524.  Hoskin P, Sartor O, O’Sullivan JM, Johannessen DC, Helle SI, Logue J, et al. Efficacy 

and safety of radium-223 dichloride in patients with castration-resistant prostate cancer 

and symptomatic bone metastases, with or without previous docetaxel use: a prespecified 

subgroup analysis from the randomised, double-blind, phase 3 ALSYMPC. Lancet 

Oncol [Internet]. 2014;15(12):1397–406. Available from: 

http://www.sciencedirect.com/science/article/pii/S1470204514704747 

525.  Reiners C, Dietlein M, Luster M. Radio-iodine therapy in differentiated thyroid cancer: 

indications and procedures. Best Pract Res Clin Endocrinol Metab [Internet]. 

2008;22(6):989–1007. Available from: 

http://www.sciencedirect.com/science/article/pii/S1521690X08001103 

526.  Koh PK, Faivre-Finn C, Blackhall FH, De Ruysscher D. Targeted agents in non-small 

cell lung cancer (NSCLC): Clinical developments and rationale for the combination with 

thoracic radiotherapy. Cancer Treat Rev [Internet]. 2012;38(6):626–40. Available from: 



Chapter 8  Bibliography 

203 
 

http://www.sciencedirect.com/science/article/pii/S0305737211002428 

527.  Chalmers AJ, Lakshman M, Chan N, Bristow RG. Poly(ADP-Ribose) Polymerase 

Inhibition as a Model for Synthetic Lethality in Developing Radiation Oncology Targets. 

Semin Radiat Oncol [Internet]. 2010;20(4):274–81. Available from: 

http://www.sciencedirect.com/science/article/pii/S1053429610000433 

528.  Lawler M, Kaplan R, Wilson RH, Maughan T. Changing the Paradigm--Multistage 

Multiarm Randomized Trials and Stratified Cancer Medicine. Oncologist. 

2015;20(8):849–51.  

529.  Lawler M, Selby P. Personalized Cancer Medicine : Are We There Yet ? Oncologist. 

2013;18(6):649–50.  

530.  Gambacorti-Passerini C, Piazza R. Imatinib--A New Tyrosine Kinase Inhibitor for First-

Line Treatment of Chronic Myeloid Leukemia in 2015. JAMA Oncol. 2015;1(2):143–5.  

531.  Castagnetti F, Gugliotta G, Breccia M, Stagno F, Iurlo A, Albano F, et al. Long-term 

outcome of chronic myeloid leukemia patients treated frontline with imatinib. Leukemia 

[Internet]. 2015 Jun 19;29:1823. Available from: https://doi.org/10.1038/leu.2015.152 

532.  RedBook online database. [Internet]. [cited 2016 Mar 1]. Available from: 

http://www.redbook.com 

533.  Experts in Chronic Myeloid Leukemia. The price of drugs for chronic myeloid leukemia 

(CML) is a reflection of the unsustainable prices of cancer drugs: from the perspective of 

a large group of CML experts. Blood [Internet]. 2013 May 30;121(22):4439 LP – 4442. 

Available from: http://www.bloodjournal.org/content/121/22/4439.abstract 

534.  Druker BJ, Talpaz M, Resta DJ, Peng B, Buchdunger E, Ford JM, et al. Efficacy and 

Safety of a Specific Inhibitor of the BCR-ABL Tyrosine Kinase in Chronic Myeloid 

Leukemia. N Engl J Med [Internet]. 2001 Apr 5;344(14):1031–7. Available from: 

https://doi.org/10.1056/NEJM200104053441401 

535.  Conti RM, Padula W V, Larson RA. Changing the Cost of Care for Chronic Myeloid 

Leukemia: The Availability of Generic Imatinib in the USA and the EU BT  - Chronic 

Myeloid Leukemia. In: Hehlmann R, editor. Cham: Springer International Publishing; 

2016. p. 231–55. Available from: https://doi.org/10.1007/978-3-319-33198-0_15 

536.  Vogler S, Vitry A, Babar ZUD. Cancer drugs in 16 European countries, Australia, and 

New Zealand: A cross-country price comparison study. Lancet Oncol [Internet]. 

2016;17(1):39–47. Available from: http://dx.doi.org/10.1016/S1470-2045(15)00449-0 

537.  van Harten WH, Wind A, de Paoli P, Saghatchian M, Oberst S. Actual costs of cancer 

drugs in 15 European countries. Lancet Oncol. 2016;17(1):18–20.  

538.  Fojo T, Lo AW. Price, value, and the cost of cancer drugs. Lancet Oncol. 2016;17(1):3–

5.  

539.  Mailankody S, Prasad V. Five Years of Cancer Drug Approvals: Innovation, Efficacy, 

and Costs. JAMA Oncol [Internet]. 2015 Jul 1;1(4):539–40. Available from: 

https://doi.org/10.1001/jamaoncol.2015.0373 

540.  Lawler M, Le Chevalier T, Banks I, Conte P, De Lorenzo F, Meunier F, et al. A Bill of 

Rights for patients with cancer in Europe. Lancet Oncol. 2014;15(3):258–60.  

541.  Kantarjian HM, Fojo T, Mathisen M, Zwelling LA.  Cancer Drugs in the United States: 

Justum Pretium —The Just Price . J Clin Oncol. 2013;31(28):3600–4.  

542.  Sullivan R, Aggarwal A. Putting a price on cancer. Nat Rev Clin Oncol [Internet]. 2016 

Feb 9 [cited 2016 Feb 17];13:137. Available from: 



Chapter 8  Bibliography 

204 
 

https://doi.org/10.1038/nrclinonc.2016.12 

543.  WHO Regional Office for Europe. The European health report 2012. Charting the way to 

well-being. Executive summary. Marmorvej; 2012.  

 


