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Preface

Economic evaluation is a firmly established discipline in the field of health research and policymaking. It has also become an increasingly essential component of clinical trial design to show that new treatments (healthcare technologies) offer value to the payers in various healthcare systems.

Several books already exist which address theoretical or practical aspects of cost-effectiveness analysis. What makes this book different from others is its insight into how health economic evaluation is applied in a clinical trial context in both academic and pharmaceutical/commercial settings. This book is not just about performing cost-effectiveness analyses, but it also emphasises the strategic importance of economic evaluation and offers guidance and advice on the complex factors at play before, during and after an economic evaluation has been performed. In addition, this book bridges the gap between applications of economic evaluation in industry (mainly pharmaceutical) and what students may learn in university courses.

An additional feature of this work is the availability of software, such as SAS and STATA code, for performing, in some cases, daunting computations. In addition, Windows-based software (SCET-VA® version 1.0) for sample size and value of information analysis, which is a menu-driven package avoiding the need for complex programming, is available free of charge. Therefore, this book will be a valuable source of knowledge for students who might pursue a career in this field or simply wish to know more about applying economic evaluation techniques.

Design & Analysis of Clinical Trials for Economic Evaluation & Reimbursement: An Applied Approach Using SAS & STATA is structured to cover many of the topics in economic evaluation that students, clinicians, health economists, epidemiologists, statisticians and other healthcare researchers will come across when designing a clinical trial for cost-effectiveness. No knowledge of economic evaluation, statistics or SAS is required to understand the key concepts in each chapter of the book, and the reader may ignore the SAS/STATA code and read interpretations of the output (the interpretations would be the same with any software).

This book can be used as either a self-study book, a textbook or a reference book. The format of the book is as follows.

Chapter 1 offers the reader who is unfamiliar with economic evaluation the economic background and context. Important economic concepts such as opportunity costs, discounting and the marketing authorisation landscape are reviewed. The clinical hypotheses are discussed in the context of economic hypotheses. The chapter discusses practical examples of strategic thinking necessary when developing a new treatment for market authorisation.


Chapter 2 introduces the incremental cost-effectiveness ratio, the cost-effectiveness plane and the different types of economic evaluation undertaken using the incremental net monetary benefit approach, and distinguishes between statistical and economic models. Chapter 3 elaborates on the detailed aspects of clinical trial design for cost-effectiveness, covering issues such as choice of comparator, timing of assessments, clinical report form design, treatment pathways and heterogeneity. The chapter contains a case study from a lung cancer trial.

Chapters 4 and 5 contain material on the analysis of resource use (costs) and quality of life, respectively. Chapter 4 discusses some of the more recent statistical issues and approaches to modelling cost data, distinguishing carefully between modelling health resource data and costs data. Chapter 5 covers the different measures of quality of life used in economic evaluations, such as EQ-5D, quality-adjusted life years, disability-adjusted life years and quality of time spent without symptoms of disease and toxicity. A section also includes more recent research into evaluating the sensitivity of generic measures to detect treatment effects. Mapping functions are also covered: methods applied in practice to estimate health utilities but not often covered in standard texts.

Chapters 6 and 7 detail the approaches to economic modelling and sensitivity analysis. Chapter 6 elaborates on decision trees and Markov and patient-level simulation approaches as well as discussing strategies for checking the Markov model – an area rarely discussed in standard texts but almost always required in industry applications. Chapter 7 provides details on approaches to simulating univariate and multivariate data for probabilistic sensitivity analysis. The complexities of multivariate simulation for probabilistic sensitivity analysis are, again, rarely discussed in most books on health economic evaluation.

Chapter 8 provides extensive details on sample size and power in a Bayesian and frequentist context. A demonstration of the freely available software for sample sizes and value of information methods using SCET-VA v1.0® discusses how to enter inputs to obtain the sample size required for a given probability of cost-effectiveness.

Chapter 9, although seemingly the odd one out, is still nevertheless relevant, since in most industry applications of cost-effectiveness and economic evaluation, evidence synthesis is often required. Indirect comparisons are sometimes needed to compare treatments that were not compared in the same trial, and some reimbursement agencies do request these. For this reason, this chapter was included, as it complements the methods applied in economic evaluation, particularly for market authorisation.

Chapter 10 is dedicated to examples of economic evaluation specific to cancer trials. Key design aspects of Phase III cancer trials, issues such as extrapolation of survival times after a study follow-up has been completed, treatment switching after disease progression and the relationship between transition probabilities and hazard ratios, as well as other practical considerations when designing and analysing cancer trials for economic evaluation, are discussed. Again, this is an area which is needed, but many standard texts do not distinguish between the peculiarities of economic evaluation in cancer trials and other therapeutic areas. Chapter 11 finally summarises the details and challenges of the reimbursement market in practice and further areas of research in the area.

I candidly admit that my objectives have been set high when structuring this book. Economic evaluation covers several disciplines, and addressing all of these has been challenging. I hope that the material in this book is suitable for a range of researchers of varying abilities, so that some will find the entire book useful, whereas for others some chapters will be useful. As a student textbook, it can be complemented by additional reading materials suggested in the bibliography to provide a book whereby students can be more prepared for the world of industry.

I acknowledge the anonymous reviewers of this book and the early discussions with various researchers at University College London, which have helped to improve the text. I am also grateful to the Cancer Research UK (CRUK) and Cancer Trials Centre, who respected my desire to see this project to completion while running multiple clinical trials. Finally, I thank Drs Suhailah Khan, Yohanis and Hanzalah for putting up with my countless hours on this book.

 

Iftekhar Khan

University College London

https://www.researchgate.net/profile/Iftekhar_Khan5
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	PSA
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	RCT
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	time to healing
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1 Introduction to Economic Evaluation


1.1Health Economics, Pharmacoeconomics and Economic Evaluation

Health expenditure in the United States passed $3,000,000,000,000 ($3 trillion) in 2014 and now accounts for just over 15% of US gross domestic product (GDP), according to Forbes Magazine (2014). Indeed, it is forecast to account for $3.6 trillion (about one-fifth of US economic activity) by the end of 2014
and may reach 33% of GDP by the year 2050. In the United Kingdom, health expenditure comprises about 17% of government spending. In every developed economy, healthcare is a major component of spending, investment and employment. Indeed, a healthy nation is crucial to the overall economic well-being of a country and its citizens.

Concerns have been raised as to whether healthcare should be considered an economic good (Morris, 2006). Some think these concerns are unfounded because, ultimately, healthcare resource is finite and scarce (Morris, 2006; Santerre & Neun, 2009). There is a limited supply of doctors, nurses and healthcare staff, so it is unlikely that any healthcare system in the world can achieve sufficient spending on the health of its citizens to meet all their
healthcare desires. Some controversially argue that by not treating criminals, smokers and alcoholics, we can achieve healthcare for most individuals, whereas others argue that healthcare is a basic human right and to treat it as an ‘economic good’, like any other sort of consumer good or service, is not appropriate (Morris, 2006). We leave these questions to economic philosophers and policymakers; they involve complicated judgements which need not concern us. This book is only concerned with the quantitative methods used to determine the comparative value offered by new or existing treatments, and not with how they should be rationed.

Constraints on healthcare resource, particularly during times of economic turmoil and instability, result in governments taking a hard look at all public expenditure, including the medicines budget. Policymakers have a limited budget with which to decide how healthcare resource is provided for their
citizens. In practice, ‘payers’ (i.e. governments or health insurance providers who contribute towards the cost of healthcare provision for citizens or customers) are likely to be more selective and choose with greater care from the healthcare options (i.e. new treatments) available to patients due to budget constraints. Just as most individuals cannot have all the things they want because of scarce resources (i.e. money, time), healthcare systems experience similar constraints when trying to meet the demands of their consumers (patients).

Economics is the science of scarcity and choice. Health economics is related to the supply and demand for healthcare. Although health itself is not an economic good, healthcare resource is. Healthcare resource refers to items such as hospital beds, treatments, drugs, surgeries, general practitioner (GP) time and so on. These resources usually have costs associated with them. For example, a visit to the doctor might be valued at £100 per hour. In this sense, health economics might be concerned with more than just medicines. Government institutions might make decisions at the national level on how the total healthcare demand and supply can be met for a given budget constraint.

However, what is usually of concern in the pharmaceutical context for comparing new treatments is pharmacoeconomics. Pharmacoeconomics uses certain principles of health economics for making policy decisions on the supply and demand for medicines – particularly in clinical trials. The methods (analysis techniques) used in pharmacoeconomics involve the ‘description and analysis of the costs of drug therapy to healthcare systems and society. It identifies, measures and compares the costs and consequences of pharmaceutical products and services’ (Rascati, 2013). The process of using these methods is called an economic evaluation. Economic evaluation applies mathematical and statistical methods to compare the costs and consequences of alternative options (Drummond et al., 2005).

For over a decade, economic evaluation has become an increasingly important component of clinical trials. The number of Phase III clinical trials with a health economic component has also increased substantially. In particular, submissions to reimbursement authorities – that is, government-led subgroups which assess the evidence for the ‘value’ that a new treatment offers, such as the Scottish Medicines Consortium (SMC) and the National Institute for Clinical Health Excellence (NICE) in the United Kingdom – have also increased by more than 45% over the same period.

In this book, we consider economic evaluation in the context of pharmacoeconomics, that is, evaluating the costs and benefits of treatments from clinical trials in which data are collected prospectively. The evaluation or assessment of the costs relative to the effects of specific treatments is made by special committees or government bodies, depending on the country. For example, in the United Kingdom (England and Wales), this assessment is made by NICE. Economic evaluation uses various techniques to assess the value of pharmaceutical interventions and health strategies. In short, most of pharmacoeconomics can be encapsulated by the single term cost-effectiveness.


A clinical trial with an economic evaluation is likely to involve individuals from several disciplines, including marketing, clinical research, biostatistics, health economics and epidemiology, who form part of a project team to develop a plan by which the new treatment can demonstrate value, not only for patients but also for the taxpayer, so that successful reimbursement can be achieved. Reimbursement, in simple terms, means the price the pharmaceutical company would like to obtain from the decision maker (payer) for the new drug treatment it has produced. For example, the pharmaceutical company might want £120 per tablet, but the payer might want to pay just £95 per tablet, based on the assessment of evidence of value presented by the company.

Figure 1.1 shows how the functions act together in an attempt to put together a value proposition. The value proposition is a documented strategy which outlines the plan for how the new treatment will show cost-effectiveness and has implications for how clinical trial data are collected and consequently analysed in the clinical trial.

Figure 1.1 also shows how a multidisciplinary team (MDT) might work together when designing a Phase III trial with an economic evaluation component. Statistics and clinical research groups would collaborate and design a well-powered study for the key clinical end points. The market access team – supported by the health economics and marketing groups – provides expert input to identify characteristics of the new drug that are likely to demonstrate the ‘value’ argument and consequently increase market share (e.g. by suggesting secondary end points or analyses which are both clinically and commercially important if and when compared with a comparator treatment). For example, the market access and clinical teams might discuss what is needed to demonstrate cost-effectiveness: they can offer useful advice on the choice of a comparator likely to be acceptable to a given country. Statisticians and health economists might team up to discuss and determine pre-specified analyses (e.g. to agree on modelling techniques) which ensure the best chances of successful early reimbursement in the event that the clinical trial meets its objectives (generally, that the new treatment is better than the standard treatment).
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FIGURE 1.1
Description of a multidisciplinary team for designing a clinical trial with a health economic component.




Example 1.1: The Importance of Early Health Economic Input

Company Z has recently marketed an opioid (Drug X) hailed as an excellent innovation. The drug is used to treat non-malignant pain. One of the side effects of opioid treatment is constipation, often termed opioid-induced constipation (OIC). The advantage of Drug X is that the severity of constipation is less than with standard opioids. Drug X provides equivalent analgesic relief but less severe constipation than Drug S (standard). Despite this benefit, company Z was unable to secure a premium price for its drug. This was because the reimbursement authorities determined that the price requested for Drug X did not offer sufficient value compared with taking Drug S in combination with a cheap laxative (to treat OIC). That is, Drug X is not of great value versus Drug S plus a cheap laxative. At the time, no trial data existed to compare Drug X versus Drug S + laxative.

In Example 1.1, clinical research and manufacturing teams were clearly focused on producing a clinically excellent drug (a single tablet or capsule with both a laxative and a pain relief benefit). However, the value argument was overlooked. Had the company considered the reimbursement argument earlier, the story might have been different.



1.2Important Concepts in Economic Evaluation

The different methods of economic evaluation for future decision- and policymaking are based on theoretical economic concepts, which will now be introduced. An economic evaluation might be carried out by analysts without appreciating its economic rationale. In the same way as a researcher/ analyst needs a basic understanding of pharmacokinetics when designing Phase I clinical trials (e.g. the meaning of parameters such as Cmax and area under the curve [AUC]), the same is true of the researcher or analyst who performs an economic evaluation: it is therefore useful to have an appreciation of some important economic concepts and terms when performing an economic evaluation.


1.2.1Value

When it comes to healthcare, the ‘average’ person has no idea of the price for surgery or a treatment plan, especially when healthcare is considered to be ‘free of charge’, as in the National Health Service (NHS) in the United Kingdom. We might all be aware of the price of diamonds or footballs, and most of us can value them. Many people have some idea of the price of diamonds, and would pay a premium price for such goods. But it is likely that in a drought someone might exchange their diamonds for a cup of water (due to its scarcity).

Health products (or services) are not items that we can just buy ‘off the shelf’. Therefore, it is harder to value and subsequently put a price on them. This is true whether the health item is a new treatment or something as complex as surgery. Some economists suggested that the problem of value could be determined by how much one was prepared to pay for a certain good, assuming certain market conditions were satisfied. Complicated economic theory was then formulated to explain how value could be determined by the demand for and the supply of a good (see Morris [2006] and Santerre and Neun [2009] for a useful introduction). The allocation of goods was determined simply by how much one was prepared to pay for that item (the price). In the context of health, the buyer is not necessarily the same as the consumer. The buyer of the health product is likely to be a government institution or an entity that is responsible for healthcare provision. The consumer is the patient. In other words, the allocation of healthcare goods is based on the price that governments (taxpayers) are prepared to pay. This is not necessarily true in all countries; it depends on the healthcare system in a particular country.

Valuing health, or for that matter a product, only according to how much people are prepared to pay does not take into account the impact on the wider society – or the welfare of everyone. For example, richer people are less likely than the poor to suffer from price increases. This was not considered equitable; therefore, in order to address this, welfare economics was developed.

One basic idea behind welfare economics was to provide a solution to situations in which, for example, the health resource used to treat one individual with Drug A could involve the same resource (money) as treating three individuals using Drug B. Society might judge the value of Treatment A to be insufficient compared with Treatment B. Welfare economics attempted to determine whether there were situations in which one could determine value based on the price of goods (e.g. price of Treatment A or B), but at the same time determine whether there exists an optimal distribution (of Treatments A and B) from a societal perspective. This optimum was manifested in an idea called Pareto optimality.

One key aspect of Paretian economics is that value can be based on the pricing mechanism (demand and supply) as long as, in situations where Treatment A made one patient better off, it did not make any other patient worse off (e.g. due to patients being denied Treatment B). That is, any further reallocation of Treatments A and B, although leading to one patient being better off, should not result in more than one other patient being worse off. Clearly, if the cost of A is £12,000, and that is all the resource available, then some other patients would indeed be worse off if the cost of Treatment B was £4,000 (because £12,000 is used for Patient 1, but nothing for Patient 2). If one individual is better off and no one else is worse off, this is called Pareto optimality. Of course, if the rich get richer and the poor do not get any poorer, this is also Pareto optimality, but it is not an ideal situation.

A further development in economics, called extra welfare economics, sought to address value in the health sector. This idea suggested that the economic evaluation methods which are used in this book are not really based on true welfare principles for various reasons we need not discuss here. The debate as to whether the current methods of economic evaluation are based on welfare economics can be found in excellent works such as Culyer et al. (2011) and Aki et al. (1998, 2001). What is important for our purposes is to appreciate that the economic evaluation techniques encountered in this book are tools for decision-making to determine which treatments or health technologies offer the greater value in terms of the price one is prepared to pay, termed the willingness to pay (WTP) or the cost-effectiveness threshold.



1.2.2Allocative Efficiency

Allocative efficiency is where decision makers use the evidence (results) from an economic evaluation to determine the optimum set of allocations of treatments for a given medicines budget. For example, if only £100,000 were available for providing two treatment options, Drug A and Drug B, the question might be how best to spend the £100,000 on the treatments. If the price of Drug A is £2000 per year and the price of Drug B is £5000 per year, one could have 50 units of A or 20 units of B. The other option is to have some of A and some of B. Exactly what mixture of A and B to spend the £100,000 on is for the decision maker to choose. The comparative value that A and B offer will influence this decision.

The tools used in economic evaluation to influence this decision are described in Chapter 2. One such technique is cost–utility analysis (CUA), which seeks to address the question of allocative efficiency within the health sector. The idea is that patients will have access to ‘value for money’ treatments through an efficient allocation of various medicines subject to a budget constraint.


There might be a budget constraint (the amount of money available to spend) of £100 million to spend on cholesterol-lowering drugs for patients with high cholesterol, but since the drug might not work on every patient with high cholesterol, it might be more relevant to offer the resource to a specific group of patients (e.g. with specific demographic characteristics). For example, patients with more severe heart disease are more likely to benefit from a lipid-lowering drug than patients with a less severe condition. This might involve defining, for example, subgroup analysis in a clinical trial to identify where the new treatment might offer the greatest value.



1.2.3Technical Efficiency

Technical efficiency is when the minimum amount of resources (e.g. lowest dose or shortest duration of dosing) is used to elicit a given response: for example, the lowest dose that achieves a 20% reduction in lipid levels, or the least costly way of resolving a peptic ulcer. Cost-effectiveness analysis (CEA) is one such tool used to address the issue of technical efficiency. The term CEA can be confusing, because CEA is also a general term used to describe how we determine efficiency. In this book, when the term cost-effectiveness analysis is used in its general sense, it refers to any one of the main tools used to determine efficiency, of which the most important are CEA, CUA, cost-minimisation analysis (CMA) and cost–benefit analysis (CBA), discussed later (Chapter 2). For this reason, the term economic evaluation is used instead of CEA whenever possible in order to distinguish between CEA as a specific tool and CEA as a general term for assessing the efficiency of healthcare interventions.



1.2.4Reimbursement

In the context of pharmaceuticals, once a drug has been approved for licensing by regulatory bodies such as the Food and Drug Administration (FDA) or the European Medicines Agency (EMEA), the pharmaceutical company will seek a price for its newly licensed drug.

The price could be on a per tablet basis or for a supply of 28 days, such as £50 per tablet, or £1400 for 28 days. The price of £50 is what the payer has agreed to pay for each tablet. The price set is usually agreed between the payer (e.g. the Department of Health in the United Kingdom) and the pharmaceutical company. For example, the price per tablet of Lenolidamide (in 2011) was agreed at £249.60 (BNF 2011) for a single 25 mg tablet. This price is recorded in a publication called the British National Formulary (BNF). Reimbursement will be discussed again in Chapter 11.

The price is typically calculated to cover the research and development (R&D) costs of the pharmaceutical company as a minimum and to make a profit to sustain future R&D activities. From the payer’s perspective, the lower the price, the better. However, the price should not be set too low so that innovation is discouraged. A premium price is usually a price higher than the current market price. The premium price may be awarded if the drug demonstrates value for money through economic evaluation techniques. Reimbursement is effectively the price reimbursed to the pharmaceutical company per prescription use of the drug. It is for this reason that when a health economic evaluation is undertaken, the payer perspective is considered carefully. That is, who is the economic evaluation for? Is it for a health insurance company (in the United States and some other countries, there is no equivalent of the NHS) or for the local (as in Spain, where local provinces can influence decisions) or national government?



1.2.5Opportunity Cost

A very important concept in health economics, and economics in general, is opportunity cost. If the cost of 1 month’s supply of an anti-cancer drug is £5000 for one patient, how else could the £5000 have been used instead of treating the patient? £5000 might also be the cost of 400 free school dinners, or of treating five patients with a similar drug (at £1000 per patient) but with a slightly smaller clinical effect (without harm). The cost of school dinners for 400 children, or five patients treated with the cheaper drug, is the opportunity cost. If all £5000 for the drug is given up for 400 free school meals, then 400 free school meals is the opportunity cost of the cancer drug.

Economic evaluation is often set against the background of an opportunity cost when comparing treatments. In the context of medicines, for a fixed budget of £100 million, for example, the payer may have the difficult decision of allocating all £100 million to Drug A for 10,000 patients, which might improve survival by 1 year (cost of £10,000 per year per patient). The opportunity cost might be spending £100 million on Treatment B for 20,000 patients, which might improve survival by 6 months (£5,000 per year per patient). In practice, a combination of Treatment A and B may be optimised.



1.2.6Discounting

Most people prefer to receive benefits sooner rather than later, and pay costs later rather than sooner. For example, people exercise to keep fit so that they may have better future quality of life (QoL). Others prefer to smoke, and might prefer to enjoy smoking now and give less importance to their future health. These are examples of time preference. It is the rate of time preference that needs to be modified and termed discounting. As someone becomes older, for example, their time preference may change.

A common phrase is ‘a pound today is worth more than a pound tomorrow’. This is because inflation plays a part in making a pound worth less tomorrow than today. In the same way, the costs of treatment in 5 years’ time may be valued differently from the costs today. For example, the future costs of treatment for a single patient who experiences disease progression in each of years 1, 2 and 3 are expected to be £3,000, £5,000 and £7,000 (total £15,000 over 3 years). After discounting at 3%, the future costs are valued as

Year 1 £3000 × 1 / (1 + 0.03)1 = £2,912.62 after 1 year
 
Year 2 £5000 × 1 / (1 + 0.03)2 = £4,712.98 after 2 years
 
Year 3 £7000 × 1 / (1 + 0.03)3 = £6,405.99 after 3 years

The total future costs of £15,000 for this patient after discounting are £14,031.59. In this example, only costs are discounted. In practice, health benefits are also discounted. The debate about whether or not we should discount costs and not benefits is discussed elsewhere (e.g. Drummond, 2005) and not considered further here. The current practice, however, is to discount both future health benefits and costs.

In health economic evaluation, future costs and benefits are discounted so that their value can be judged in present terms. This is achieved by applying an annual discount rate, for example, 3%. The discount rate in the United Kingdom is based on the Treasury Department’s so-called Green Book. The consequence of the discount rate is that less weight is given to later costs than to present ones. We use the discounted values of future costs and benefits for further calculations to determine cost-effectiveness.

When no future costs and benefits are expected in a clinical trial, discounting is not usually applied. For example, at the end of a 3-year clinical trial (conducted between 2008 and 2011), the estimates of costs might be taken from year 2011 list prices and assumed to be the same for years 2008, 2009 and 2010 (taking inflation into account). If a GP visit for a particular patient in 2011 costs £150, then we may assume that it is also £150 in the other years of the trial for other patients, ignoring inflation (Gray et al., 2011). Another possibility is to adjust costs which occurred between 2008 and 2010 to the current (2011) year equivalent to using a consumer price index (which takes inflation into account).

When discounting occurs for future benefits and costs at the patient level, there can be added complexities. For example, in oncology trials, the follow-up period is often limited, and estimates of future benefits (e.g. overall life years expected, measured in quality-adjusted life years [QALYs]) are sometimes modelled using aggregate (total) values, whereas future costs and effects occur at the patient level. Example 1.2 shows how discounting can be carried out in practice with patient-level data.

Example 1.2: Discounting Costs and Benefits

Table 1.1 shows an example of discounting in three patients for Treatment A (assume a two-group trial, with Treatments A and B). All three patients were followed up in the trial for 3 years. The total costs during the trial were £4,500, £3,500 and £4,400 for each patient over 3 years, with a total undiscounted cost of £12,400. These costs could include drug costs, cost of hospitalisation and so on. The total present (£12,400) and future (£6,700) undiscounted costs are £19,100 over the 3 years of the clinical trial (Table 1.1). The total discounted future costs over 2 years are £6532. For Patient 1, this is £2000 + 1000 × (1.03)2 = £2942. Therefore, for Patient 1, the total costs are £500 + £1000 + £3000 + £2000 + £942 = £2942 after 3% discounting. Since the future period of time is only 2 years, the impact of discounting in the second year has been minimal.



TABLE 1.1Discounting Future Costs and Benefits with Patient-Level Data for a Single Treatment Group


	
	During the Clinical Trial
	
	Future Costs and Benefits
	



	
	Costs (£)
	
	Benefitsa
	
	Costs (£)
	
	Benefits
	
	Overall



	Patient Years
	Y0 − Y1
	Y1 − Y2
	Y2 − Y3
	
	Total
	Total
	
	Y3 − Y4
	Y4 − Y5
	Total
	Discounted
	
	Y3 − Y5
	Discounted
	
	Costs
	QALY





	1
	500
	1000
	3000
	
	4,500
	2.5
	
	2000
	1000
	3000
	2942
	
	1.1
	1.06
	
	7,442
	3.56



	2
	500
	1000
	2000
	
	3,500
	2.8
	
	1000
	1000
	2000
	1942
	
	1.3
	1.22
	
	5,442
	4.02



	3
	400
	3000
	1000
	
	4,400
	1.6
	
	800
	900
	1700
	1648
	
	1.7
	1.55
	
	6,048
	3.15



	Total
	1400
	5000
	6000
	
	12,400
	6.9
	
	3800
	2900
	6700
	6532
	
	4.1
	3.83
	
	18,932
	10.73





aBenefits measured as QALYs.


The benefits are measured in QALYs, which combine QoL and quantity of life (Chapter 5) into a single metric of quality-adjusted survival. For each of the three patients, follow-up was over 3 years during the trial. At the end of the trial, the QALYs were computed as 2.5, 2.8 and 1.6 for the three patients, respectively. However, patients were expected to survive beyond the trial follow-up time. Therefore, these benefits (survival and QoL) over a further 2 years were considered to be future benefits which should also be subject to discounting. In particular, Patient 1 was expected to yield a future QALY of 1.1 over 2 further years, and after discounting, this would be 1.06. The total undiscounted QALYs over the 2 years across all three patients were, therefore, 4.1 and 3.83 after 3% discounting.

In economic evaluation, the discounted values are those used for future statistical modelling and analysis. Hence, in Table 1.1, the values used in a patient-level analysis would be £7442 and 3.56, £5442 and 4.02 and £6048 and 3.15 for Patients 1, 2 and 3 for costs and effects, respectively.

Future benefits are often estimated through modelling techniques (Chapters 6 and 10). We shall return to these types of calculations later. For now, it should be clear how the discounting is applied to estimate future costs and QALYs.




1.3Health Economic Evaluation and Drug Development

Figure 1.2 displays the traditional drug development process and approaches to reimbursement and market access. The dashed outline shows how the role of pharmacoeconomics has reshaped this process. In the past, less effort would be planned for demonstrating the value of a new treatment. The traditional route was to perform Phase I to Phase III trials, obtain a market authorisation licence and then agree with each country (separately) a price for the new treatment. Evidence of value would not have been formally requested. Only efficacy concerns were considered important at the time of pricing (not relative efficacy or costs). Therefore, one role of market access would be to agree with the country’s government body a price at which they would buy the new drug – agreed often relatively shortly after the drug was approved. The evidence for informing a pricing decision was based primarily on using the Phase III clinical trial data submitted for market authorisation.
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Figure1.2Drug development and reimbursement.



In Germany, for example, the concept of ‘free pricing’ allowed innovator companies to exert greater control over price and set a price with considerable flexibility. However, the AMNOG law in 2011 (Neuordnung des Arzneimittelmarktes [Restructuring of the Pharmaceutical Market]) effectively restricted free pricing to a 1-year period only, and the pharmaceutical company is required to perform an assessment of value for money of the new treatment within the first year. German payers no longer find it acceptable to pay for expensive drugs which are seen to offer little value for money. In particular, oncology drugs are likely to feel the impact of the Institut für Qualitätund Wirtschaftlichkeit im Gesundheitswesen (The Institute for Quality and Efficiency, also known as IQWiG) decisions more sharply, because some of these drugs are particularly expensive and reviewed judiciously from the perspective of demonstrating value. Previously, approaches to market access were not influenced by the concept of value for money. There was less need to formalise the health economic argument and package the data in a way which demonstrated the uncertainties of value for money.

The new drug development paradigm requires formal evidence of the cost–benefit/value relationship. An MDT is set up which considers as early as possible what is needed from the clinical trials data to form a value-added argument. Although the analysis of data for economic evaluation occurs after the Phase III trial results are finalised, the design and planning for both efficacy and showing value are considered well before then. The MDT bridges the working relationship between individuals from clinical research, biostatistics health economics and other disciplines to formalise the evidence from clinical trials to obtain market access by demonstrating value.

A strategic partnership between all researchers involved in drug developent can result in fruitful results when attempting to demonstrate or plan the ‘value-added’ aspects of new drugs, often needed for price reimbursement through cost-effectiveness arguments.

Demonstrating efficacy in a randomised controlled trial (RCT) is not necessarily the only criterion for reimbursement and successful market access (Figure 1.2). Greater synthesis of existing data (Sculpher, 2006) is required so that all available information is used before a decision regarding the value of a new treatment can be made. The implication of Figure 1.2 is that if the innovator drug cannot demonstrate value for money to the payer, the price desired may not be achieved. This does not mean that a drug is not efficacious without such synthesis, but the decision-making process should use all available information to minimise uncertainty.

However, if all ‘other’ information is incorporated, it is not clear how this should be weighted or, more importantly, whether it creates additional uncertainty, especially when the ‘other information’ is of poor quality and very heterogeneous. In this case, it is possible that the price of the new drug may be set equal to the price of a cheap generic and much lower than the ‘hoped-for’ price. This naturally impacts reinvestment, shareholder returns and the profit margins of pharmaceutical companies. It is therefore important that the planning of value in a clinical development programme is carefully and diligently executed. Early estimates of relative costs to effects expressed in terms of incremental cost-effectiveness ratios (ICER), discussed in Chapter 2, might be useful to understand where the new drug lies in terms of market positioning. Careful and efficient clinical trial designs which do not compromise either the clinical or the economic objectives should be considered (Chapter 3). For example, requesting early trial data to get an early idea of the ICER to develop a reimbursement strategy may result in unblinding, which compromises the primary end point of the trial.

The relationship between the drug development programme over time, market authorisation (getting a licence), market access (as measured by sales volume) and the importance of reimbursement is shown in Figure 1.3. After licence approval, there is a period of time between approval and a decision for reimbursement. During the period between market authorisation and reimbursement, for most drugs, sales are still somewhat flat. This is because either the reimbursement authorities are undecided as to whether the new treatment offers value or a decision is pending. However, when a decision has been made by reimbursement agencies that the new treatment does offer value for money, the sales are likely to increase (difference between K and W in Figure 1.3) because the new treatment has more value and would be recommended for use. The premium price agreed would also influence profits.
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Figure1.3
Relationship between drug licensing, market access and reimbursement (W: sales at some amount £W are flat, after which £K are achieved [after reimbursement]. Consequently, the loss in revenue is £K − £W).



The loss in revenue that occurs during the period between market approval and the reimbursement decision is not a trivial one. On one occasion with a sponsor, several analyses were deliberated during the clinical trial because statisticians were debating as to whether exploratory analyses which were unspecified in the statistical analysis plan or protocol could be performed. While this may be a concern for the regulatory (market authorisation) agency for reimbursement authorities, it was not a concern for a reimbursement agency (statistical significance issues such as inflation of Type I errors are not of primary importance in economic evaluation, and statistical inference can be irrelevant, as we will note later [Klaxton, 1999]). Consequently, the reimbursement decision was delayed, resulting in millions of euros of lost revenue.

Therefore, it may be prudent at the clinical development programme stage to consider pharmacoeconomics earlier to plan a dossier for the reimbursement. Even if the drug is not efficacious, the risk of losing substantial market access is easily offset against the resource needed to prepare a value argument.



1.4Efficacy, Effectiveness and Efficiency

The concept of efficacy is well understood in the context of an RCT. Restricted inclusion criteria and very controlled monitoring of efficacy and safety outcomes give the RCT framework a ‘gold standard’ status in terms of internal validity. The possibility of bias is considered to be well accounted for (Pocock, 1983). However, the RCT provides less external validity, because any inferences are restricted to the population under investigation, and lacks generalisability (Sculpher, 2006).

Figure 1.4 shows the relationship between the drug development process and the activities related to an economic evaluation during each phase of drug development.

Although one key objective of pharmaceutical companies is to carry out scientifically robust trials, there are also obvious concerns about profitability and risk throughout the drug development process. For example, in the development of a transdermal patch for pain, during early drug development, concerns around manufacturing the patch and comparing it with competitor patches in terms of delivering dose loads and other practicalities (e.g. patch does not fall off) are important, in addition to demonstrating superior efficacy.

During the early and preclinical phases of drug development, the market landscape for a new treatment is assessed.
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