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The role of cost-effectiveness analysis in health and medicine. Louise B. Russell; Marthe R. Gold; Joanna E. Siegel; Norman Daniels; Milton C. Weinstein. 

Abstract: A panel of scientists and scholars convened by the US Public Health Service has published recommendations for improving cost-effectiveness analysis (CEA). CEA is used to determine the costs and patient benefits of medical treatments in order to identify the treatments that produce the greatest benefits for the least amount of money. The Panel on Cost-Effectiveness in Health and Medicine recommends that all studies of CEA include a reference case to allow all CEA studies to be compared. The measure of patient benefit should be the quality-adjusted life-years, or QALY. 
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Objective.--To develop consensus-based recommendations guiding the conduct of cost-effectiveness analysis (CEA) to improve the comparability and quality of studies. The recommendations apply to analyses intended to inform the allocation of health care resources across a broad range of conditions and interventions. This article, first in a 3-part series, discusses how this goal affects the conduct and use of analyses. The remaining articles will outline methodological and reporting recommendations, respectively. 

Participants.--The Panel on Cost-Effectiveness in Health and Medicine, a nonfederal panel with expertise in CEA, clinical medicine, ethics, and health outcomes measurement, was convened by the US Public Health Service (PHS). 

Evidence.--The panel reviewed the theoretical foundations of CEA, current practices, and alternative procedures for measuring and assigning values to resource use and health outcomes. 

Consensus Process--The panel met 11 times during 2 1/2 years with PHS staff and methodologists from federal agencies. Working groups brought issues and preliminary recommendations to the full panel for discussion. Draft recommendations were circulated to outside experts and the federal agencies prior to finalization. 

Conclusions.--The panel's recommendations define a "reference case" cost-effectiveness analysis, a standard set of methods to serve as a point of comparison across studies. The reference case analysis is conducted from the societal perspective and accounts for benefits, harms, and costs to all parties. Although CEA does not reflect every element of importance in health care decisions, the information it provides is critical to informing decisions about the allocation of health care resources. 
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THE HEIGHTENED awareness in recent years of the need to live within budgets in the health care sector would seem to create the perfect climate for cost-effectiveness analysis (CEA). Costeffectiveness analysis is a method for evaluating the health outcomes and resource costs of health interventions. Its central function is to show the relative value of alternative interventions for improving health. Analyses provide information that can help decision makers in a variety of settings weigh alternatives and decide which best serve their programmatic needs. Yet CEA is rarely used to inform decisions about health services in the United States. 

The case of Oregon illustrates the problems that arise when policymakers attempt to use CEA. Faced with providing medical care to its low-income population within the constraints of its Medicaid budget, the Oregon Health Services Commission initially tried to set priorities for covered services using CEA. In 1990 to 1991, the commission generated a list of"condition-treatment" pairs ordered by their cost-effectiveness ratios. The list was withdrawn after public criticism of its counterintuitive ranking of some interventions. 

Oregon's effort provoked criticism at the time and has continued to be the subject of debate about the role of CEA.(1-5) Some have observed that cost-effectiveness ratios do not adequately reflect important issues, such as distributive justice and competing values outside of health. The commission subsequently adopted a process that included costeffectiveness as 1 of 13 factors on which the ranking of services was based, including equity, "benefits many," and community compassion. The role of CEA was to supplement these qualitative factors by providing standardized, quantitative estimates of the likely cost per unit of health benefit for each intervention. 

But, CEA presents problems even in this more limited role. The method can be difficult to follow, and results are often presented in a way that impedes rather than facilitates understanding. Studies vary widely in the health effects and costs included and in the way these are valued and combined, so that studies of the same intervention can produce very different cost-effectiveness ratios; potential users may be confused and suspicious that CEA can be manipulated to support almost any conclusion.(6-8) Finally, although the CEA literature has grown enormously in recent years,(9) many interventions have not been evaluated. 

In 1993, the US Public Health Service (PHS) convened the Panel on Cost-Effectiveness in Health and Medicine to address these problems. The panel, a nonfederal group of 13 scientists and scholars with expertise in CEA, clinical medicine, ethics, and health outcomes measurement, met 11 times during 2 1/2 years to review the state of the field and develop recommendations to improve the quality and comparability of studies. Comparability is essential if CEA is to help decision makers evaluate tradeoffs and choose among alternatives. The panel was charged with developing recommendations that would provide a framework for consistent practice across conditions and interventions--preventive, therapeutic, rehabilitative, and public health. 

The panel's focus on policy decisions and resource allocation at a broad level reflected the increasing attention directed to CEA by federal health agencies. The Centers for Disease Control and Prevention, in addition to their own studies, have developed courses and guides to train staff and are working with states interested in CEA. The National Institutes of Health are collecting cost data in addition to outcome data in a few trials. The Agency for Health Care Policy and Research has begun to use CEAs in developing practice guidelines and in the technology assessments it conducts for the Health Care Financing Administration. The Food and Drug Administration has been involved in an intense review of its regulatory role with respect to the marketing of drugs on the basis of cost-effectiveness claims. 

In a survey conducted before the first meeting, panel members identified methodologically challenging or contentious areas: the fundamental foundation for CEA; how best to frame analysis (plan the approach to the analysis and outline the study's main elements); the perspective of an analysis; types of costs and data sources for costs; measuring and valuing outcomes; components of costeffectiveness ratios (what should go in the numerator and the denominator); time frame for analysis; discounting; ethical issues, especially distributive implications; appropriate comparator programs; statistical issues; and the overriding issue of standardization of methods. 

The panel organized itself into 9 working groups: the role of CEA; theoretical foundations; the flaming of analyses; measuring effectiveness; valuing health outcomes; measuring costs; discounting; evaluating uncertainty; and reporting. At meetings, which included PHS staff and representatives of other federal agencies, the working groups developed issues for panel discussion. Panel members and staff then drafted chapters on each subject, outlining areas of agreement and disagreement and proposing recommendations. Recommendations were debated until consensus was reached, or, in a few cases, until it was apparent it would not be. Chapters were revised to set out the arguments supporting (or preventing) a consensus-based recommendation. Throughout the process, experts from federal agencies and the academic community critically reviewed and helped shape the work. 

This article is the first of 3 that summarize the panel's discussions and recommendations, which are presented more completely in its full report.(10) Here we introduce the reference case, the panel's proposed mechanism for improving comparability. The panel,s work is aimed at both analysts and users of CEAs. For analysts, the recommendations describe why comparability is important and how to achieve it. For users, they offer a guide to the evaluation and use of CEAs and should ultimately make CEA easier to use and more useful. 

THE REFERENCE CASE 

Cost-effectiveness analysis is a method for evaluating the outcomes and costs of interventions designed to improve health. The results are usually summarized in cost-effectiveness ratios that demonstrate the cost of achieving a unit of health effect (eg, the cost per year of life gained) for diverse types of patients and for variations of the intervention. In a cost-effectiveness ratio, changes in health due to an intervention, compared with a specitic alternative, are captured in the denominator; and changes in resource use, compared with the same alternative and valued in monetary terms, are captured in the numerator. 

It is common practice to define a base case that incorporates data and metheds the analyst thinks best represent the interventions and choices under consideration. The analyst then conducts a series of sensitivity analyses using different data or methods to test the robustness of the results. Base-case results and selected sensitivity analyses are presented. Within a given study, alternatives must be analyzed in comparable fashion so that the cost-effectiveness ratios reflect true differences in costs and health effects. 

No single study can provide all the information needed to compare health services across a broad range of conditions and interventions. But, if individual studies adhered to a common standard, they could collectively provide the necessary results and do so more efficiently than a comprehensive analysis undertaken specifically for the purpose. Thus, comparability across studies is crucial for evaluating the broad allocation of health care resources. 

To promote comparability of CEAs while leaving analysts free to address issues specific to a particular problem, the panel proposes that studies include, either as the base case or in addition to it, a reference case. The reference case is defined by a standard set of methods and assumptions. It includes a set of standard results: the reference case results. While an investigator might also present results based on different methods and assumptions to serve the other purposes of the analysis, the reference case serves as a point of comparison across studies. It should be included whenever the CEA is intended to contribute to decisions about the broad allocation of health care resources. 

To build the reference case on a solid foundation, the panel reviewed the theoretical roots and practical applications of CEA. The goal was to develop complete, consistent, and theoretically grounded recommendations that were sufficiently tractable and detailed to provide practical guidance for analysts. The second and third articles in this series summarize the recommendations that define the reference case and the reasoning behind them.(11,12) 

Use of the reference case would address the problems with CEA in 3 ways. First, by setting standards for the costs and health effects that should be included and the ways in which they should be valued, the reference case offers analysts and users a benchmark that allows them to evaluate the quality of a study and determine whether its results can be compared with other studies. Second, the reference case includes recommendations for reporting results, described in the third article in this series, designed to make it easier for users to see what was done and how the results compare with those of other studies. Third, as analysts begin to include the reference case in their results, they will contribute to a growing pool of studies that can be compared. 

The need to standardize CEA has been recognized for at least a decade,(13-16) but the resources to tackle this difficult task with sufficient time to work through the issues and develop appropriate recommendations had not previously been available in the United States. Earlier attempts at standards were very general, apparently in the belief that I set of standards could serve all analyses. The panel recognized that recommendations must be tailored to the kind of decision analyses are intended to inform; as noted, it focused on decisions that involve evaluating a broad range of interventions that can apply to widely different kinds of people and conditions. The panel's recommendations for the reference case are much more comprehensive and detailed than previous efforts in order to provide guidance on all issues that determine comparability across studies. Founded on state-of-the-art thinking in the field, they represent a reasonable consensus that can move the field forward. 

PERSPECTIVE 

When health maintenance organizations (HMOs) or government programs evaluate an intervention, they consider the costs they will experience in providing or paying for it. Costs incurred by patients or others, such as for outpatient medication or home care after hospital discharge, maybe irrelevant from their perspective. They may also disregard some outcomes. For example, it may matter little to the HMO or government program how soon patients return to work after an illness, although it may matter a great deal to 'individuals, their employers, or the government agency responsible for disability payments. 

While the use of a particular perspective (eg, HMO, employer, government program, or individual) is appropriate for informing decisions from that perspective, studies based on different perspectives are not comparable. The perspective for the reference case is of overarching importance because it reflects the type of decisions the analysis is intended to inform and determines which costs and health effects go in the cost-effectiveness ratio and how the costs and effects are valued. To serve the goal of facilitating comparisons across interventions and patient groups, the panel recommends the societal perspective for the reference case. 

In a CEA conducted from the societal perspective, the analyst considers everyone affected by the intervention, and all health effects and costs that flow from it are counted, regardless of who would experience them. Health effects include both benefits and harms, even when these occur in people who are not the intended recipients of the intervention. Resource costs include all resources used, whether or not money changes hands. Using CEA to inform allocation of health resources accepts the existence of a limit on health spending; when the societal perspective is adopted, the analysis acknowledges the value of competing uses for society's resources. 

Programs to reduce the incidence of neural tube defects by increasing the folic acid intake of pregnant women demonstrate the breadth of the societal perspective. Adding folic acid to cereal grains would allow the improvement of women's nutritional status without effort and would be helpful for those with inadequate access to medical care and, thus, to counseling about nutrition. Everyone who buys cereal-grain products pays the cost. But fortification puts older people at risk because it masks pernicious anemia, which, untreated, can cause neurological problems. A CEA conducted from the societal perspective would include the harms to the elderly as well as the benefits to infants and all related costs. 

Because the societal perspective includes all costs and health effects, it does not necessarily show employers, HMOs, insurers, government programs, or individuals exactly what they want to know to make choices best suited to their interests. An analysis might suggest that, from the societal viewpoint, it would be better to cover exercise programs for older people than coronary artery bypass surgery for risk groups for which effectiveness of bypass surgery is very low and cost per year of life gained very high. If individuals in those risk groups and their clinicians were to evaluate the same interventions strictly from the patients' perspective, they would count only costs patients would pay out-of-pocket, ignoring substantial sums paid by insurers or public programs. Bypass surgery might appear desirable from this perspective even if its benefits were exceedingly small. 

The societal perspective represents the public interest rather than that of any group. It is compatible with the traditional principle that decisions affecting people with differing interests are more likely to be fair if they are made by those who will not gain or lose from them. Many philosophers, operating from diverse perspectives, have suggested a thought experiment to show why individuals and groups might accept the societal perspective even when it does not perfectly represent their interests. The experiment is to imagine that we are viewing the world before our birth (sx ante) and to ask what type of world we would like it to be.(17-24) From that vantage point, we would not yet know which health problems we would experience, only that there was some possibility that we might develop any of them, and we might well then prefer a system in which decisions about health interventions reflected the seriousness of the condition and the ability of alternative interventions to improve it without reference to individuals, budgets, or special interests. We would not wish to have any health problem neglected entirely because that neglect would affect us if we developed the problem. And we would want areas other than health care to receive resources so that our other needs and aspirations could be met. The panel's choice of the societal perspective is based on this ethical framework. 

The societal perspective is also a pragmatic choice, exactly because it does not represent the viewpoint of any particular group. Instead, it provides a benchmark against which to assess results from other perspectives. Only the societal perspective never counts as a gain what is another party's loss. If an employer adopts an intervention that reduces the employer's health insurance costs but increases costs for Medicare, or if a public health intervention improves the health of 1 group but causes unwanted side effects for another, the societal perspective includes both changes. No perspective has a stronger claim to be the basis for comparability across studies. 

EXAMPLE OF IMPLICATIONS OF THE SOCIETAL PERSPECTIVE: VALUING HEALTH EFFECTS 

For the reference case, the measure of health effect must be comparable across interventions and conditions and capable of capturing the impact of interventions with different effects. Lifeyears gained, often used in CEAs done from the societal perspective, are an important metric, but give little credit to interventions that primarily improve quality of life (eg, cataract surgery) and fail to account for adverse effects. Over the past 2 decades, investigators have developed measurement strategies that permit calculation of the health-related quality of life (HRQL) associated with conditions or interventions. These HRQL measures classify people into health states defined on a continuum, from least desirable to most desirable, in terms of some or all of the following. physical function, psychological function, social role function, perceptions of health, and symptoms. A number of these measurement systems are preference based and cap, ture people's values for states of health. In general, health states are scaled from 0 (dead) to 1 (optimal health); however, states worse than death can be accounted for by assigning them negative scores.(25) 

Some methods for collecting preferences involve asking patients or members of the public to locate their preferences for health states directly on the 0 to 1 continuum using techniques such as standard gamble, time trade-off, and category rating.(26,27) Another approach measures preferences indirectly, relying on health classification systems such as the Health Utilities Index,(28) the Quality of Well-Being Scale,(29) or the EuroQol(30) that include premeasured preferences for defined health states. These premeasured values come in part from direct measurement of some preferences (using standard gamble, time trade-off, or category rating) and in part from application to those preferences of multiattribute utility theory(31) or statistical inference(32) to fill in values not measured directly. In health classification systems, premeasured values are based on results of community surveys. 

Although assessments of criterion validity, where one measure is considered the gold standard against which all others are judged, are impossible sinco, by definition, there is no set of preferences that is correct for all people, many of these methods have shown good reliability and sensitivity to changes in clinical conditions, and convergent validity between methods.(26) These techniques are reviewed in the panels report.(10) 

A preference-based system accomplishes 2 important tasks for CEA. First, it makes it possible to combine length of time health states are experienced with quality of that time to create a summary measure: quality-adjusted life-years (QALYs). Quality-adjusted life-years provide a common metric for recording effects of different interventions.(27,33-36) Second, since the purpose of investing in health is to make people better-off, it seems appropriate to let them be the judge of what constitutes better or worse outcomes and of the relative magnitudes of health effects. The welfare economic foundations of CEA, which assign primacy to individual preferences, are compatible with this view. 

For these and other reasons described in its full report, the panel recommended QALYs as the measure of health effect for the reference case. Given this decision, a difficult issue arises: whose preferences should be used for the reference case? 

The choice is between patient preferences and those of a representative community sample. Patient preferences are values that people experiencing a condition assign to their own health. Community preferences are values assigned by representatives of the general population, which contains people with disabilities or chronic illnesses in proportion to the prevalence of their condition. While some studies support the idea that beth groups assign similar values to the same states,(26,30,37-41) others suggest that people experiencing a condition attach higher values to the associated health states.(42-45) Analysts have used patient(46) as well as community preferences(32,33) to calculate QALYs for use in CEAs, but to date there are no studies comparing the impact of using one or the other in the same analysis. 

Many investigators use patient preferences because they believe that people experiencing the health states have the most accurate appreciation of their conditions, that it is ethically appropriate to solicit information from those directly affected when evaluating interventions for a condition, and that community preferences discriminate against people who are disabled or ill. In a CEA designed to allow individualization in the choice between 2 medications for a particular illness such as arthritis, where subtle side effects might be important to capture, patient preferences are appropriate. For the reference case, however, a logical extension of the societal perspective and the ex ante position embedded within it is that the best articulation of society's preferences comes from a representative community sample. 

However, aware of the issues of discrimination raised by Oregon's use of community preferences,(5) the panel carefully examined the implications of endorsing community preferences for reference case analyses because of the possibility that those with disabilities or chronic illnesses assign higher scores to their health states. 

Consider an intervention that can be used for many people, some of whom may have disabilities--suppose coronary artery bypass graft surgery is targeted to everyone with ischemic chest pain--and suppose that persons who are paraplegic score a health state that includes wheelchair-dependent mobility higher than does the general public. To calculate QALYs using community preferences, an investigator would use the scores for states with and without chest pain assigned by a representative sample of the community. All who undergo coronary artery bypass graft surgery, including paraplegic persons, will be credited with this gain. Thus, the cost-effectiveness of interventions directed at conditions unrelated to the disability would be the same for the disabled and the general population, as long as subgroups defined according to comorbidities are not analyzed separately. 

Subgroups are, however, often analyzed separately when the evidence about health outcomes or cost suggest significant differences. Using community weights for outcomes in these cases might assign fewer QALYs to a subgroup than if the subgroup's own preferences were used. The panel recommended that when there are important differences in preferences among subgroups, analysts should conduct sensitivity analyses to show the impact of differences. 

When cost-effectiveness of treatment to cure or prevent paraplegia is evaluated, community preferences will always yield as many QALYs, or more, than calculations based on patient preferences. If a state with limited mobility is rated lower by the general public than by persons in that state, more QALYs are gained by relieving it, and the cost-effectiveness ratio for the intervention is more favorable. However, for the occasional case of a lifesaving intervention aimed specifically at the disabled or ill, use of community preferences when preferences differ assigns fewer QALYs to the intervention than would use of patient preferences; this is because the difference between the community's value for the state and 0 (death) is less than the difference for the group itself. 

In the great majority of instances, the panel found that use of community preferences in the reference case would not discriminate against the disabled. Where it might, the panel recommended sensitivity analyses be used to explore the influence of community vs patient preferences on the cost-effectiveness ratio, to let decision makers know whether that influence was significant. As noted, the ex ante position provides compelling theoretical reasons for using community preferences in an analysis done from the societal perspective. Also, although persons with disability and illness may adjust successfully to their conditions, a more compelling goal from the societal perspective is to avoid disability and promote full function in all domains of health. Finally, from a practical standpoint, standardizing practice requires that the source of preferences be consistent. For all these reasons, the panel endorsed the community as the source of preferences for the reference case. 

It beam repeating here that reference case analyses are intended to inform decisions at the level of broad resource allocation and may provide little guidance about optimal bedside management of individuals. There the preferences and conditions of individual patients may point to decisions different from those supported by a reference case CEA. 

CEA AS AN AID TO DECISION MAKING 

Choices involve ethical issues, and the choices made in defining the reference case express certain ethical points of view. By counting all costs and health effects, the societal perspective reflects the public interest, not the interest of any group in society. Using the preferences of a community sample to value health states incorporates community values into the decision-making process. Other choices with ethical implications, such as the discount rate or use of wages to value people's time, are discussed in the second article. The panel recognized these implications and that some issues are left unresolved by these choices and by the methods available to implement them. 

Quality-adjusted life-years provide another noteworthy example. Summing them involves the assumption that all QALYs are equal, no matter who gains them or when during the life span. This implies that it makes no difference whether QALYs benefit people in good or poor health and that 2 therapies that produce equal numbers of QALYs--one perhaps in the form of small benefits for many people, the other in the form of large benefits for a few--are equal in value. Intuition and research suggest that deviations from this assumption can be important.(47,48) Decision makers (and the general public) might wish to give preference to those in poor health, because of their greater need, or to the intervention that provides large benefits for a few, exactly because it made such a large difference for those few. Thus, although QALYs have the advantage that they count changes in quality as well as quantity of life, they do not as currently defined, and perhaps never can, perfectly reflect everything about health that matters to people. 

Values outside of health care, which often influence choices about health services, cannot be quantified in CEA. As an example, individuals' right to privacy has blocked compulsory testing for the human immunodeficiency virus except in special situations like the military, although diagnosis and treatment can be delayed. 

Some nonhealth benefits or harms could be captured by cost-benefit analysis (CBA), which values all effects in monetary terms. The panel accepted the majority view in the health care sector that monetizing health introduces ethical issues avoided by use of health-specitic measures. However, in its full report, the panel built bridges to CBA and acknowledged that opportunities to compare interventions can be lost by relying solely on CEA. It noted that CBA, CEA, and cost-consequence analysis (in which costs and effects are calculated, but not aggregated into QALYs or cost-effectiveness ratios) are complementary forms of analysis; the use of one does not preclude the use of others in a study. 

No method of making decisions about health care resources allocation provides a complete procedure for resolving ethical issues. Whether decision makers use criteria like medical necessity, expected benefit, standards of evidence, CEA, or CBA, the issues of fairness, feasibility, and values are not completely captured by the analysis and must be weighed against factors that are. A CEA, however, offers more complete information than these other methods about the size and composition of health effects and costs. 

That CEA does not reflect ali trade-offs of potential relevance has implications for how it should be used in decision making. The methodology of CEA is constructed to serve a straightforward goal: to identify interventions that produce the most health with the resources available. In the textbook explanation of the method, once cost-effectiveness ratios have been computed using a comparable method, the decision maker ranks interventions from lowest to highest cost per QALY and, starting with the lowest cost-effectiveness ratio, selects interventions in order until the budget has been spent. The chosen interventions produce the greatest number of QALYs possible with that budget. 

But real-world decisions must balance health against other goals--fair access to services, help for those worst off, and values outside health affected by health decisions. Thus, it is seldom appropriate to apply CEA mechanically. The panel recommended that CEA be used as an aid to decision makers who must weigh the information it provides in the context of these other values. 

The best CEAs available suggest that the current allocation of health care re* sources falls well short of producing the most health possible.(49-51) Some interventions are applied extensively, in ways that produce little health for large expenditures, while other interventions do not receive enough resources. Use of CEA in the decision-making process could contribute to improvements in the effective use of resources. 

To allow decision makers to evaluate trade-offs carefully, CEAs should present not only cost-effectiveness ratios, but also background information about the elements that make up costs and effects: kinds and magnitudes of costs, who is helped or harmed, and how much they are affected. The detailed information can help decision makers evaluate the trade-offs between those elements of the decision that are well captured by CEA and those that are not. 

Comparability is the foundation on which the usefulness of a method for 

among alternatives must be built. Differences in cost-effectiveness should reflect true differences among interventions, not unnecessary differences in method. The panel achieved consensus on a detailed set of recommendations designed to promote comparability of CEAs. We believe these recommendations can do much to overcome problems that have interfered with past use of CEA. 
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