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ABSTRACT

Health-care decision-makers are increasingly in need of information on the relative
cost-effectiveness of healthcare interventions, evaluating meaningful outcomes In
relevant populations. A gold standard for clinical and economic evaluation is the
randomised controlled trial, in which context-specific factors are minimised to
enable the assigning of treatment effect to the intervention under investigation. The
limited generalisability of such evaluations may limit the relevance of study results

to decision-makers.

This thesis presents three technical critiques of methods by which researchers may
Increase the generalisabllity of economic evaluation whilst focusing on
transterability of results across patient populations and clinical settings. Firstly,
meta-regression techniques were applied to trials with pragmatic and explanatory
features to investigate whether increased external validity from pragmatic trials are
achieved at the cost of reduced internal validity. Secondly, a checklist to explore the
scope for economic modelling techniques to increase generalisability of results was
applied to economic models identified In a literature review. Finally, a study design
was developed for an observational patient record database (UK Mediplus ®) to

determine the feasibility for its use in real-life cost-effectiveness analyses.

The findings indicate that pragmatic design features may be introduced to trials
without jeopardising internal validity. Decision-analytic models have scope to
synthesise data on cost and effect from several data sources to estimate cost-
effectiveness for different clinical scenarios, however few published models make
attempts to increase generalisability. The observational database has a potential to
provide data on real-life drug use, resource use and clinical outcomes, however

shortcomings in data quality and data management prevented the conduct of a full

economic evaluation.

Pragmatic trials and observational studies may provide valuable data on cost and
effectiveness reflective of specific clinical practice settings. Economic models have
scope for presenting cost-effectiveness estimates representative across a range of
settings. These methods should be adopted alone or in combination in order to

assess the generalisability of the results of economic evaluations.
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CHAPTER 1

INTRODUCTION

1.1  Background

There is a growing interest world-wide in economic evaluation as a tool for the
systematic assessment of costs and consequences of interventions in increasingly
resource-constrained healthcare environments. Opportunity costs are associated
both with the use of inefficient therapies in healthcare and with delayed introduction
of new, efficient therapies and the results of these may be jeopardising nations’
health and welfare. Pharmaceutical evaluation is time- and resource consuming, so

there is increasing pressure to transfer findings across settings and countries.

Economic evaluations of pharmaceuticals combine an estimate of effect and an
estimate of costs associated with the use of a medication, relative to an alternative
treatment strategy. Results may be presented in a cost-effectiveness ratio
expressing incremental costs and effects of one therapy compared with another or
no therapy. Frequently, randomised controlled trials (RCT) provide the basis for the
effect estimate, whether the economic evaluation is based on a decision-analytic
model or individual patient-level data. Randomised controlled trials may also

provide the basis for cost estimates, predominantly in trial-based economic

evaluations.

Pivotal RCTs are designed to meet licensing requirements. A high degree of
internal validity may be achieved by conducting evaluations in specialist settings,
through the selective inclusion of patients, by allocating treatment to eligible
patients through the process of randomisation, by blinding physicians and patients
to allocated treatment and through the process of monitoring patient care.

Concerns have been raised that laboratory care conditions of such a clinical trial
may limit the external validity of the findings, and whether findings derived within the

setting of a randomised controlled trial would automatically translate into clinical



effectiveness as experienced in actual clinical practice. (Drummond and Davies
1991, O’Brien 1996, Fayers and Hand 1997, Coyle et al 1998) For economic
evaluations, this may also result in the recording of protocol-driven costs.
Increasingly, attention has been focused on the external validity of economic
evaluations and the interest to developing methods for evaluating healthcare
interventions across settings has been growing. The issue of generalisability of
economic evaluation studies is currently on the research agenda of the Health
Technology Assessment Programme for the UK National Health Service (HTA
project 98/22/05) and for the WHO guidelines for cost-effectiveness analyses.
(Murray et al 2000)

The users of economic evaluations are likely to ask themselves whether the results
of a given evaluation are useful and applicable in their health care setting. First and
foremost, the methods employed to produce the evidence should normally be
scrutinised when assessing the validity of results. The question of usefulness
would however also encompass a judgement about whether the results may be
transferred in time, across populations or between clinical contexts. These three

are the main axes across which the generalisabilty of an economic evaluation may

be assessed.

Key clinical components include the age and gender of the patient group, co-
morbidities, severity of disease and patient acceptability to the intervention. Clinical
trial setting, the practice within which patients are treated, the health care system
within which a study is framed, or the country in which the study is being conducted
may determine context-specific components. Finally, the introduction of new
treatments, change in the perceptions of a clinical condition or an intervention or
simply the more effective use of an intervention as experience accumulates are

components that may determine generalisability of results in time.

When assessing generalisability of economic evaluation evidence, whether
pertaining to time, setting or population, decision-makers should examine closely
the data used to produce the evidence. This thesis primarily focuses on
generalisability across alternative patient populations and contexts, and therefore

views generalisability in terms of the degree to which results from one evaluation



hold true for different patients and clinical settings. Key elements of economic
evaluations that may be modified in order to reflect alternative settings and patient
populations, or study designs that may provide real-life cost effectiveness estimates
are outlined. Such an evaluation of alternative methods that may be used in
isolation or in conjunction, may assist users of economic evaluations in assessing
generalisability of results they encounter in published studies and to identify ways in

which further data may be generated in order to make appropriate extrapolations.

One of the problems with economic evaluation methodology is the paucity of
empirical data to illustrate the extent to which environmental factors limit the
generalisability of the evaluations and the degree to which effect estimate, resource
use, and unit cost may differ across settings. There are also shortcomings in
methods illustrating how these problems could be overcome. Neither has there
been, previously, a systematic appraisal of the methods available to health
economists to take these issues into consideration in economic evaluations.

Methods need to be developed to evaluate outcomes of use of pharmaceuticals in

clinical practice.

The thesis provides a critical evaluation of methods that are available to
[researchers that evaluate the generalisability of primarily clinical parameters in
economic evaluations of pharmaceuticals] those wishing to increase generalisability
of economic evaluations of pharmaceuticals. The research draws on insights of
several fields of research in medicine, including health policy and economics,
epidemiology and medical statistics, research disciplines that have added to an

accumulating knowledge base surrounding clinical and economic evaluation

methods.

1.2 Aim, objectives and research questions

The aim of this thesis Is to assess the relative merits of methods that can be applied

to increase generalisability of economic evaluations of pharmaceuticals across



clinical settings and to further develop methods currently available methods.

Specific objectives and key research questions are outlined below.

1.2.1 Research objectives

o To identify methods to increase external validity of estimates of costs and

effectiveness In economic evaluation:

o To develop a framework for assessment of whether economic models

accommodate variation between settings in analysis and presentation of

results;

o To examine the degree to which economic models attempt to generalise

cost-effectiveness estimates;

o [0 evaluate whether pragmatic trial design features provide effect estimates

systematically different from explanatory features;

o To explore the feasibility of an observational patient record database to

accommodate full economic evaluation:

o To apply observational study methodology to generate cost-effectiveness

estimates based on clinical practice;

o To identify and consider key methodological issues for the development and

future conduct of economic evaluations with increased external validity.

1.2.2 Research questions

o How can learning from clinical evaluation methodology be incorporated into

economic evaluation methodology to meet the need for data transferable

between settings?

o Which design features characterise a pragmatic trial and do these provide a

biased result?

o How can economic models incorporate setting-specific aspects in the

evaluation?



o Which purpose can observational data serve in the provision of economic

evaluation data relevant to clinical practice?

1.3 Source projects

The thesis seeks to meet the research objectives through design, conduct and
evaluation of three source projects, each exploring a single method that may be
used in the process of evaluating generalisability of results of economic evaluations
between clinical settings and populations. Pragmatic trial design, modelling
approach and observational study design will be proposed as methods for
Increasing external validity of economic evaluation studies. Through the reporting
of these projects, this thesis aims to contribute to an increasing knowledge-base on
generalisation methodology by evaluating aspects of these approaches. Although
these methods are explored individually in this thesis they are not viewed as
alternative approaches but rather as complementary processes by which
generalisability may be explored and achieved. The source projects do not focus
on one particular therapeutic area, though pharmaceutical interventions in the
clinical areas of osteoporosis, schizophrenia and treatment after myocardial
infarction were used in the source projects for the purpose of demonstrating

methods.

1.3.1 Pragmatic trials

Relevant clinical and economic data can be derived from real-life settings, but only
at the cost of an increased risk of bias and confounding. Pragmatic trials adopt
features to ensure a higher external validity to the setting within which the trial is
conducted. (Schwartz and Lellouch 1967) The most important modifications of
clinical trial design in pragmatic trials include research question and objectives;
patient selection; omitting blinding of trial participants; relaxing of monitoring

protocol; evaluating a final clinical endpoint and adopting intention-to-treat statistical



analysis. The adoption of pragmatic design features in economic evaluation trials
has been extensively advocated. (Revicki & Frank 1999, Simon 1995, Coyle et al
1998, Guscott and Taylor 1994, Roland and Torgerson 1998, Brixton et al 1998)
Previous assessments of trial estimates as a function of quality aspects of
randomised controlled trials through the use of meta-regression provided methods

on which this source project could build and expand. (Schulz et al 1996, Moher et al
1998)

The first source project of this thesis examines whether pragmatic design features
In clinical trials systematically moderate the effect size compared to trials adopting
explanatory features, and therefore achieve higher external validity at the expense
of internal validity. The evaluation makes use of two systematic reviews of
pharmaceutical interventions in two therapeutic areas to examine the predictive

effect of pragmatic design features on eftect size.

1.3.2 Economic models

Economic models have been promoted as the method with which economic
evaluation researchers may vary the model input in order to make the results
applicable to different healthcare settings. (Buxton et al 1997, Briggs and Gray
1999, Commonwealth of Australia 1995, CCOHTA 1996)

Researchers and authors of guidelines have pointed to economic models as a
relevant methodology to accommodate differences in regional variability. The
second source project aims to assess the extent to which models in one therapeutic
area have accounted for such differences to date. A checklist was developed which
described aspects of clinical and economic features of the model, as well as checks
for external validity. This was then applied to a selection of models identified in a

systematic review.



1.3.3 Observational studies

The scarcity of methods for generalising trial results to clinical practice settings led
to the search for alternative approaches capable of providing real-lite cost-
effectiveness estimates. Observational databases in which patient information is
collected longitudinally may be valuable sources of drug use data, reflective of
clinical practice. The potential value of observational data in economic evaluation is
outlined and a review carried out of the methodological and statistical tools adopted
by researchers in epidemiology. The third source project presents the design and
results of two studies that were developed as parts of a pilot project to evaluating

cost-effectiveness for pharmaceuticals in an observational patient-record database.

The studies examined whether an observational database in the UK (the
Mediplus® database) was a feasible tool for the conduct of a full economic
evaluation of cost-effectiveness in clinical practice. The Mediplus® database
contains primary care patient records collected in clinical practice and may be a
potential vehicle for economic evaluation in the primary care setting, provided that

the database meets the requirements to clinical and economic evaluation.

1.4  Structure and content of thesis

A synthesis of different strands of literature outlining the need for economic
evaluation and in particular, the generalisability of such evaluation, is provided In
Chapter 2. This contains a brief review of the methodological foundations of
economic evaluation analysis, as well as a review of the issue of generalisability in
the context of clinical and economic evaluation. Finally, the decision-maker’s
expressed need for generalisability of economic evaluation is evaluated from the
viewpoint of those regulating formal submission of economic evidence required
within some jurisdictions. Three methods through which analysts may explore
external validity of evaluations emerge from this review, methods that researchers
may use either individually or in combination. Chapters 3 through 5 are devoted to

evaluating the relative merits of each of these methods separately.



Chapter 3 evaluates the pragmatic trial approach to generalising economic
evaluations and Chapter 4 offers a critique of the degree to which economic models
adopt values for adjustment of model parameters or for sensitivity analysis that
would facilitate judgement of external validity. The aim of Chapter 5 is to provide an
assessment of the feasibility of an observational database to provide data for a full
economic evaluation, reflective of clinical practice. All chapters have a similar
structure: a background that puts the source project into the context of the overall
theme of generalisability; an outline of research aims and objectives; a detailed
description of methods; presentation of results; a discussion of key findings and the
merits of the examined methods to increase generalisability of economic

evaluations.

The focus of the three source projects differs. The emphasis of the first was to
apply meta-regression techniques to analyse the balance between internal and
external validity in pragmatic trials. Central to the second project was the
systematic search for economic evaluation models and structured assessment of
the degree to which models may accommodate context-specific variation in key
model parameters. The last project focused on further methodological development
by exploring the feasibility of observational patient record data for use in economic
evaluations striving for high external validity. These differences in emphasis are
reflected in the reporting of the source projects. For example, particular attention is
given to the statistical methods adopted in Chapter 3, the development of an
assessment framework is central to Chapter 4, and the application of economic

evaluation to observational study designs has been given detailed consideration In

Chapter 5.

In the concluding chapter of the thesis, attention is turned to the impact of the
individual source projects on the further development of methods to increase
generalisability of economic evaluations. A discussion of the relative merits of
pragmatic trials, models and observational data to synthesise relevant
(generalisable) data for economic evaluation, provides an assessment of the
contribution of this research in the field of generalisability. Methodological

recommendations conclude the final chapter of this thesis.



CHAPTER 2

POLICY AND RESEARCH CONTEXT: GENERALISABILITY OF
ECONOMIC EVALUATION OF PHARMACEUTICALS

The development of methods to increase the generalisability of economic
evaluations of pharmaceuticals across settings is a focus throughout this thesis. In
healthcare, the methods for clinical evaluation and economic evaluation are
increasingly interrelated, so both play significant roles in this research. Strands of
literature covering research areas relevant to generalisabllity of clinical and
economic evaluation are reviewed In this chapter. Attention is also given to the
requirements for the generalisability of economic evaluations by those jurisdictions
that systematically use such information in policy-making. Finally, emerging
themes underlying the research undertaken for the thesis are outlined. Before
turning to the review of empirical research in the area of generalisability of clinical

and economic evaluation, it is useful to give the theoretical foundations of economic

evaluation some consideration.

2.1 Economic evaluation in healthcare decision-making

Medical care has changed over the last decades, with new therapies being
discovered that may prevent or treat previously untreated conditions, and new
technologies replacing old procedures. The availability of new and costly health-
related interventions has gradually exceeded society’s ability to afford them.
(Mosteller 1985) The reasons for the growth in healthcare spending include
demographic changes in populations as the proportion of elderly increases, the
development of new and more costly therapies and the increasing availability of

lifestyle treatments. Also, previously untreated conditions may now be treated with

new discoveries.

A peculiarity of the market for medical care adds to this increase in aggregate

healthcare costs. According to conventional economic theory, independent



producers and consumers trade goods freely according to price and quantity. Price
in such a market will reflect the margin of consumer valuation of the goods.
(McGuire et al 1988) The characteristics of the healthcare market deviate from
assumptions underlying this model. In healthcare, the physician acts as an
Informed decision-making agent on behalf of the patient, and the costs are borne by
a third-party, for example an insurance organisation or a national health service.
Economic theories of supply and demand and their interaction with price and
consumption of goods fail to achieve equilibrium in the healthcare environment.
Supply and demand sides are no longer separated resulting in the absence of a
working price mechanism and the phenomenon of supplier-induced demand.
(McGuire et al 1988)

The continuing rise in healthcare costs has forced a change in health-policy
paradigm, where healthcare systems have moved from what is possible given
technical constraints to what is possible given economic constraints. (Maynard and
Bloor 1998) Writing on the UK National Health Service (NHS), Cochrane (1971)
made the link at an early stage between the issue of clinical-effectiveness and

efficiency in the health service, emphasising the role of clinical decision-makers to

take this into account:

“The main job of medical administrators iIs to make choices between
alternatives. To enable them to make the correct choices they must have

accurate comparable data about the benefits and costs of alternatives.”

Williams (1992) took this new emphasis on cost-consciousness one step further by

arguing that:

“A caring, responsible and ethical doctor has to take costs into account.

Indeed it is unethical not to do so!”

Williams refers to the concept of ‘opportunity cost’ of resources, or the value of the
resources in their best alternative use, alluding to the fact that resources spent in
one area of the healthcare sector or on one patient group may not be used in other

areas or on other patients. This focus on efficient use of resources in healthcare

10



has provided strong incentives for clinical decision-makers to take make use of
health economic data when informing decisions. Clinical decision-makers include
physicians, healthcare providing organisations and governments. The individual

roles of these stakeholders differ, but their broad remit is to ensure safe and

eftective provision of care to the population.

Economic evaluation techniques have been adapted to healthcare provision and
developed for the analysis of individual services, interventions and programmes
within healthcare from their origin in disciplines such as engineering. (Williams
1993) In healthcare, economic evaluations may provide an alternative to the failing
price mechanism in the healthcare market and a guide to resource allocation.
(Russell et al 1996) A central measure in economic evaluation is the cost-
effectiveness ratio. Implicit in the cost-effectiveness analysis is comparison
between a treatment and an alternative. The cost-effectiveness ratio for the
comparison Is the difference in costs divided by the difference in effectiveness, and
therefore expresses the incremental cost of obtaining an additional unit of healith
effect. (Torrance et al 1996) The health effect component of the cost-effectiveness
ratio can be expressed differently. Economic evaluation analyses that express the
health effect in terms of a physical unit such as life years gained are called cost-
effectiveness analysis. Those analyses that value the health outcome by assigning
a utility such as the quality adjusted life year gained (QALY) are denoted cost-utility

analyses. Finally, cost-benefit analyses value the health outcome in financial

terms. (Drummond et al 1997)

Theoretical foundations for research methods may guide the conduct of research,
understand its limitations and guide the decision-making process following
introduction of new evidence. To date, health economists debate the theoretical
foundations of the methods used in economic evaluation. The roots have
predominantly been traced to welfare economics, which is concerned with the
societal allocation of resources in order to maximise the weltare of an affected
population. (Garber et al 1996, Hurley 2000) If the fundamental purpose of health
economic analysis is to improve general welfare through improving health then it
may be placed within this context. The strand of welfare economic theory

advocated by some health economists is the von Neuman-Morgenstern

[ ]



utilitarianism, a theory that assumes that individuals have a well-detfined utility-

function and that the overall welfare of society is a function of such individual

preferences. (McGuire et al 1988)

Welfare economists disagree amongst themselves as to how healthcare decision-
makers should prioritise societal resources, and economists broadly advocate two
normative frameworks, the neo-classical framework and the extra-welfarist
framework. (Hurley 2000) Neo-classical weltare theorists aim to maximise societal
utility, with little emphasis on the distribution of the gain. Key assumptions
underlying the utilitarian view is that social welfare is made up of from the welfare of
each individual member of society, and that individuals are best judges of their own
welfare. The aggregate social utility function resulting from a situation where an
allocation makes at least one person better oft and no one worse off it is said to
present an actual Pareto improvement. A potential Pareto improvement may occur
when those that are better off as a consequence of a resource allocation
compensate for those that are worse off after the allocation. A resource allocation
is Pareto optimal (i.e. allocatively efficient) if it is impossible to increase one
persons utility without simultaneously decreasing another’s. The benetfit of
healthcare interventions is of primary interest to those subscribing to the neo-
classical view, and benefits in empirical welfare analysis are predominantly valued
in monetary terms. Neo-classical Paretian welfare economic theory therefore

provides the conceptual framework of cost-benefit analysis, consistent with the aim

of maximising societal utility. (Hurley 2000)

Williams (1993) made a case for the extra-welfarist perspective, which provides an
alternative to defining social utility as an aggregate of individual utilities by giving
special weight to health in social accounting and the distribution of health. From
this perspective, health is viewed as the output of the healthcare sector and the
social objective is to maximise health subject to resource constraints. (Garber et al
1996) Benefits of healthcare interventions are predominantly expressed as a

subjective health measure, for example quality adjusted life years (QALYs) gained.

Cost-effectiveness analysis and cost-utility analysis compare health care

programmes that produce similar units of outcome. Cost-eftectiveness analysis has

12



been considered a framework for informing questions of technical efficiency, where
two ways of achieving the same goal are compared, for example, the comparison of
competing therapies in same clinical condition. In contrast, cost-benefit analysis is
broader in scope because it assigns relative values to health-related goals to
determine which goals are worth achieving. The cost-benefit analysis framework
has therefore been viewed as appropriate for policy questions of allocative
efficiency, where decision-makers aim to assess whether an intervention is
worthwhile in the first place or whether the resources should be invested elsewhere.
Cost-utility analysis may also be considered appropriate for decisions of allocative
efficiency since the expression of outcome in one generic clinical term, the QALY,
iInforms policy-decisions on the efficient allocation of resources between

programmes that produce different specific health outcomes.

The interpretation of results from cost-benefit analyses is, in principle,
straightforward: if benefits exceed costs then the programme should be
Implemented. (Briggs and Gray 2000) Two broad rules can be adopted by
decision-makers who use evidence produced by cost-effectiveness and cost-utility
analyses. Rank-ordering all possible uses of resources in terms of their incremental
cost-effectiveness ratio and working down the list implementing the most cost-
effective interventions until the healthcare budget is exhausted is called the “league
table approach”. Inherently, this approach aims to maximise health within a given
budget, but has been criticised for inappropriately comparing cost-effectiveness
ratios derived from inconsistent use of methods and ‘unthinking’ decisions.
(Maynard 1991, Drummond et al 1993) Alternatively, the shadow price decision
rule incorporates a cost per QALY that decision-makers are willing to pay for
additional health, i.e. an acceptable cost-effectiveness ratio reflecting decision-
makers’ willingness to pay. Interventions with an incremental cost-effectiveness
below this threshold would then be adopted. Besides the fact that it has proven
difficult to quantify the decision-makers’ willingness to pay for additional health
benefits, the shadow price rule has been criticised for being a “prescription for

growth in healthcare expenditures™. (Briggs and Gray 1999)

The debate over theoretical foundation has guided research into issues such as

costing methods and valuation of health, (Hurley 2000) but despite this, economic

13



evaluation is commonly looked upon as a pragmatic solution to the need for
Information to prioritise healthcare resources and maximise health. (Garber et al
1996) Economic evaluation has a multi-disciplinary research approach to
evaluation, encompassing disciplines such as economics, decision analysis,
medical sociology, epidemiology and trial methodology. The most pragmatic view
of economic evaluation may be that of a complementary process to clinical
evaluation, but with the aim of informing healthcare utilisation decisions on a

broader public health scale.

Within the increased interest in health economics’ contribution to healthcare
provision, the focus on pharmaceutical expenditure has been particularly strong.
(Maynard and Bloor 1998) Many measures have been undertaken in attempts to
reduce and control healthcare costs, such as reference price systems, negative
lists, and price and profit controls. (Freemantle and Bloor 1996, Bloor and
Freemantle 1996, Bloor et al 1996) Government cost containment policies and
price regulation may have driven the demand for economic evaluation analysis of
pharmaceuticals. However, the regulatory demand for data on effectiveness of
pharmaceuticals for registration purposes, and the resulting availability of such

data, also provides a good basis for economic evaluation.

Despite increasing interest in economic evaluation analysis of pharmaceuticals,
there has been little evidence that such data contribute systematically to resource
allocation decisions. (Drummond and Cooke et al 1997) There may be barriers to
the use of economic evaluation data at both political and practical level. Firstly,
there are a number of challenges to the discipline and concern that the
methodology is being used adequately. (Udvarhelyi et al 1992, Drummond 1992,
Byford and Palmer 1998) The thorny methodological issues include the valuation of
health outcomes, discount rate, inclusion of future costs, statistical analysis and
assessment of uncertainty. Secondly, economic models have been criticised for
having a ‘black box’ feel to them. (Sheldon 1996) The lack of insight and ability to
scrutinise methodology has led some researchers to propose that computer models
might be submitted for peer review. (Hill et al 2000) Finally, economic evaluations
of pharmaceuticals are frequently based on randomised controlled trial data, but

critics have argued that pragmatic prescribing decisions may not best be informed

14



by estimates of ‘cost-efficacy’ in an ideal trial setting, rather by an estimate of ‘cost-

effectiveness’ in settings reflecting clinical practice. (Coyle et al 1998)

Drug evaluation, including economic evaluation, is a costly undertaking and there is
a pressure to use data generated in one setting and apply the findings to different
settings. Adapting economic evaluations to local circumstances by adequately
accounting for different patients, settings, regions and countries may be essential to
the value of the evidence to local decision-making. Little is known about how well
cost and clinical data translate between clinical settings and across countries, and
therefore whether cost-effectiveness ratios vary as a function of the setting in which
it Is conducted. Potential biases can enter the process of transferring data between
settings, resulting in premature introduction of inefficient therapies or similarly,
delaying the use of efficient therapies. Hence the importance of developing
methods that can be adapted to make a systematic evaluation of generalising

across settings.

2.2  Generalisability in economic and clinical evaluation

A convenient introduction to issues of generalisability in clinical and economic

evaluation research is provided by the following quotation:

“Internal validity implies that the differences observed between groups of
patients allocated to different interventions may, apart from random error, be
attributed to the treatment under investigation. In contrast, external validity,
or generalisability, is the extent to which the results of a study provide a
correct basis for generalisations to other circumstances. In itself, there is no
external validity. The term is only meaningful with regard to specified
‘external’ conditions, such as other patient populations or treatment
regimens. Internal validity is a prerequisite for external validity: the results of
a flawed trial are invalid, and the question of external validity becomes
redundant.” (Juni et al 2001)

15



A high degree of internal validity can be achieved in the randomised controlled trial
(RCT), where the randomisation procedure, subject selection, monitoring
procedures and scientific process, aim to address bias. Sackett (1985) argued that
the double-blind placebo controlled trials that follow a defined protocol represent the
‘gold standard’ for drug-trials, primarily because of the ability of randomisation to
deal adequately with bias. The focus of the conventional RCTs on internal validity
may have resulted in limiting their usefulness and raised concern that the
uncertainty In the assumption that overall results from clinical trials may be
extrapolated to patients outside the trial jeopardises the external validity of trial
results. (Lancet 1994, Rothwell 1995, Black 1996) The setting within which a study
Is conducted may encompass specific geographical and national location, type of
healthcare facility, patient population and period of study. As the authors of the
quote above point out, generalisability may be irrelevant without reference to one or

more specific settings outside that of the evaluation.

The randomised controlled trial has been adopted as the ‘gold standard’ also for
clinical estimate of effectiveness in the denominator of the cost-effectiveness ratio.
(Drummond 1997) Researchers undertaking economic evaluations of
pharmaceuticals over the last decades have rightly focused on internal validity of
the study, ensuring validity of effect estimates and acceptance by the medical
community. However, concerns have been raised that prescribing decisions may
not be best informed by the resuits of randomised trials frequently conducted for
icensing purposes, but rather by data reflecting clinical practice patterns of drug

use and resource consumption. (Coyle et al. 1998)

The limitations of trial evidence for use in economic evaluation need to be
addressed by the development of methods to maximise external validity of the
findings to other settings. In the process of developing such methods, lessons may
be learned from the clinical literature regarding methods that could be used to
optimise generalisability of clinical evaluations. Pragmatic trial methodology, meta
analyses and observational data may serve this purpose in clinical research.
Literature covering generalisability in clinical evaluation will be reviewed before

returning to the special case of generalisability within economic evaluation.
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2.2.1 Issues of generalisability in clinical evaluation

Pharmaceutical development has a long tradition of systematic evaluation of clinical
evidence. The practice of clinical trials has developed rapidly during the last 50
years. This development was parallel to an increase in the regulatory requirements
to the licensing of pharmaceuticals, some of which were introduced after the
Thalidomide-scandal in the 1960s. (Pocock 1983) The evaluation of quality, safety
and efficacy is central to these requirements; they are the ‘three hurdles’ that a
manufacturer needs to jJump in order to get a drug licensed by influential regulatory
bodies such as the Food and Drug Administration in the US (FDA), and the
European Medicines Evaluation Agency (EMEA).

Because treatment effects are often relatively modest, biases may overwhelm the
effect of treatment unless these are adequately controlled for. The process of
randomisation 1s considered crucial to the minimisation of bias in clinical
evaluations. (Schulz et al.1996) Random allocation of eligible patients to the
Intervention and control groups of a trial ensures that the features of the patients
and their therapists are distributed across the treatment arms of the experiment by
the play of chance. Randomisation does not make groups equal, but forms a good
basis for comparison. (Freemantle et al. in press) Statistical methods examine the
extent to which observed differences between groups may be attributable strictly to
chance, indirectly providing information on the likelihood that a difference in

outcomes observed in a trial may be attributable to the different treatments

allocated to those groups.

The clinical stage of drug development is broadly divided into four phases.
(Piantadosi 1997) Phase | clinical trials are the first experiments using a
pharmaceutical compound in a population, when investigators seek to assess the
safety of the drug in the human body and identify an appropriate dose-range
required to intervene with the clinical condition without causing serious side-effects.
During phase Il of clinical drug development, investigators assess the feasibility of
the treatment and estimate treatment effects. Phase lll trials are experiments of the
therapy escalated to a larger sample of the patient population, where the impact of

the therapy on the clinical condition of interest is compared to placebo or standard
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therapy. In a regulatory context such trials are called pivotal, and these are
frequently designed in order to meet, for example, the US Food and Drug
Administration (FDA) requirement to licensing, of two trials in favour of new
treatment showing significant inference at single sided 0.025 level for the primary
clinical outcome measure. (Freemantle 2001) Finally, phase |V trials are often
large-scale experiments looking for uncommon treatment effects after lisence has
been granted. Key to trial conduct is a protocol uniform to all trial participants that
determines the clinical management of patients in order to minimise the impact of
the strategy of care on the treatment outcome and ensure internal validity of the

findings from the trial.

Inherent in the trial protocol of an RCT is a series of adjustments to clinical practice.
Subjects included in clinical trials may be selected by narrow inclusion criteria. For
example, the exclusion of the elderly and of women from cardiovascular trials
restricts the scope for generalising results to these patients. (Wenger 1992) Run-in
periods in trials, during which patients are selected for inclusion, may also
contribute to an atypical trial patient population, for example, more compliant
patients may be chosen. (Pablos-Mendez et al. 1998) Finally, blinding of patients
and physicians to treatment allocation, the manipulation of pattern and quality of
care by the trial protocol and the monitoring of trial participants may restrict the

scope for generalisation of trial results. (Rothwell 1995)

Trials that are designed to measure treatment outcome under ideal conditions have
been labelled ‘explanatory’. (Schwarz and Lellouch 1967) They can be viewed as
models of clinical practice in which reality has been simplified and standardised to
provide ‘laboratory’ conditions for the experiment. In clinical research, the term
‘efficacy’ is frequently used to describe the performance of a treatment under such
conditions. The adjustments in care demanded by the trial protocol are in place to
ensure internal validity, but may limit the external validity of the trial. Extrapolating
the findings from explanatory trials to clinical practice, where patients and
physicians seek positive outcome in a real life environment, may not be
appropriate. Pragmatic trials, meta-analysis and evaluation of observational data
are methodological approaches that may be used in an attempt to increase the

generalisability of evaluations.
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Firstly, ‘pragmatic’ trials are designed to measure clinical-effectiveness under
conditions reflective of clinical practice. (Swartz and Lellouch 1967, Roland and
Torgerson 1998) Frequently, such trials relax the design features of explanatory
trials, for example by inclusion of a more heterogeneous patient population,
avoidance of blinding of participants to assigned treatment, comparison with active
substance and use of a final clinical endpoint, such as mortality, as the primary
clinical outcome. Trials are complex structures, comprising a number of features
ranging from subject inclusion and care provision to statistical analysis. The
suggestion that trials can be dichotomised as either explanatory or pragmatic is
somewhat simplistic. Rather, trials can be viewed as part of a spectrum which
stretches from those in which most aspects of the design reflect the clinical setting
in which they are conducted to those that modify most aspects of subject
constituency and care provision, according to the features they adopt. The more it
reflects a real life practice situation, the closer the trial is to the ‘pragmatic’ ena of
the continuum. Achieving a study design that adequately ensures internal validity
of the findings while increasing the external validity of the results may be a matter of
striking the right balance in trial design features. The degree of external validity

may, for example, increase throughout the four clinical development phases.

Secondly, in clinical research, statistical pooling techniques have been developed
as a means of summarising evidence from several trials investigating similar
outcomes. (Egger and Smith 1997) Meta analysis has several merits. By
combining a number of trials, it increases the power of the evaluation of a clinical
question by reducing the probability of a false negative result. But more
importantly, in this context, meta-analysis may also aid the generalising of trial
results by combining, for example, trials with different patient case-mix or
conducted in different healthcare settings, making results applicable to a more

diverse patient population and to a variety of clinical settings.

Finally, observational study designs represent a third alternative, achieving high

external validity by basing the estimation of treatment outcomes on care received in
clinical practice. It has been proposed that observational data are essential in

clinical research and may expand the evidence base for healthcare therapies.
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(Black 1996, Lewsey et al 2000, Radford and Foody 2001) Nevertheless, the major
drawback is the lack of randomisation, which leaves the results of the studies
susceptible to biasing factors that jeopardise study validity. Statistical modelling is
routinely used to minimise confounding from observed variables (Hennekens and
Buring 1987), with propensity analysis and instrumental variables methods
providing further risk-adjustment techniques to control for residual confounding from
unobserved differences in observational studies. (Radford 2001, McClelland et al
1994)

To understand the consequences of potential bias in estimating effect size,
researchers have evaluated the way in which these estimates travel between
randomised studies and observational (i.e. non-randomised) studies. Authors of
empirical studies debate whether observational and randomised studies that
evaluate the same treatment in similar populations systematically provide different
magnitude and direction of the effect size estimate. Several authors have reported
systematic comparisons of the two methods, but findings from these are
inconclusive. (Coldiz et al 1989, Kunz and Oxman 1998, Reeves B et al 1998,
Britton et al 1998, MaclLehose et al 2000) For example, Concato et al (2000)
evaluated 99 trials and observational studies in five therapy areas and found that
the results of well-designed observational studies do not systematically
overestimate the magnitude of effects of treatment as compared with randomised
controlled trials on the same topic. Similarly, Benson and Harz (2000) found littie
evidence that estimates of treatment effects between observational and randomised
evidence were consistently different, but both sets of authors were criticised for
having used selected and unrepresentative samples of trials and studies. (Pocock
et al 2000) In contrast, the findings of loannidis et al (2001), who reviewed 240
randomised trials and 168 observational studies in 45 topics, found that
discrepancies beyond chance between randomised and observational studies do

occur and that differences in estimated magnitude of treatment effect are in fact

very common.

Clinical researchers have a variety of designs in their toolbox to answer different
research questions about the clinical impact of pharmaceutical treatments. We have

seen that pragmatic design features may be adopted in trial design to increase
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external validity, that meta-analytic techniques may be used in generalisation and
that observational studies may provide data with high external validity, albeit at the
risk of jeopardising internal validity. These clinical evaluation tools are also
available to those undertaking economic evaluations, providing the opportunity to
present economic evaluation estimates with varying degree of external validity

relevant to the clinical situation of interest to a decision-maker.

2.2.2 Issues of generalisability in economic evaluation

In the economic evaluation of pharmaceuticals, the cost-effectiveness ratio may be
estimated based on patient-level clinical and economic data or estimated in a
decision-analytic modelling technique in which the analyst synthesises cost and
outcome data from multiple sources. (Weinstein and Fineberg 1980, Drummond
and Stoddart 1984, Johnston et al 1999) The cost-effectiveness ratio is a collapsed
measure of both cost and effectiveness, and is sensitive to variation in estimates of
both resource use and clinical-effectiveness. There is limited empirical data on how
this statistic responds to setting-specific variation, but an analysis by Willke et al.
(1998) provided convincing evidence that differences in healthcare setting are

important to the cost-etfectiveness ratio.

Because of its status as the gold standard for clinical evaluation, the randomised
controlled trial is commonly considered the preferred methodology on which to base
the effect estimate in economic evaluations, whether it is a patient-level data
analysis or a model-based evaluation. (Drummond et al 1997, Gold et al 1996)
Problems encountered when running an economic evaluation alongside a clinical
trial are extensively documented. (Drummond and Stoddard 1984, Drummond and
Davies 1991, Donaldson et al 1996, O'Brien 1996, Gray et al 1997, Fayers and
Hand 1997, Coyle et al 1998) Discrepancy between the setting of randomised
clinical trials and that of clinical practice is a common theme. Of particular
importance to economic evaluation Is the fact that care modified by the trial protocol
may result in the recording of protocol-driven costs and subsequent reduced ability
to present a realistic view of resource consequences or distinguish between

treatment arms of a trial. (Mauskopft et al 1996) Inadequacies in the design of trials
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by selective choice of comparator, exclusion of patients with certain characteristics
and limited duration of follow-up may not only limit the generalisability of trials but
Indeed bias the results. (Freemantle and Maynard 1994) Furthermore, technical
challenges for researchers undertaking trial-based economic evaluations include
sample size and statistical evaluation of trial-based evaluations originating from
statistical properties of the cost-effectiveness ratio. (Briggs 2000, O’Hagan and
Stevens 2001) To overcome the limitations of the conventional randomised clinical
trial for economic evaluation, economic evaluations may be based on pragmatic

trials, modelling exercises or observational studies.

Firstly, clinical management patterns in trials adopting pragmatic features may, to a
lesser degree, be manipulated by the protocol so it is increasingly common to
incorporate economic parameters alongside them. (Oster et al 1995, Simon et al
1995, Simon et al 1996, Revicki and Frank 1999) The increased conduct of
economic evaluations alongside randomised clinical trials of pharmaceuticals in
several research centres and across more than one country has also offered
progress to the generalisation of cost-effectiveness estimates. Differences in
demography and epidemiology of disease, clinical practice and conventions,
incentives and regulations for healthcare providers, relative price levels and
consumer preferences are key components of the threat to generalisability of
economic evaluations across countries. (O’Brien 1997) A pharmaceutical
intervention can be cost effective in one country but not in another. In an evaluation
of tirilazad mesylate for subarachnoid haemorrhage, Willke et al (1998) used a
regression-based approach to the trial data and found that there were significant
country-specific differences in total patient costs. The authors concluded that

generalisation of trial-wide cost results to specific countries would be inappropriate.

Unfortunately, one limitation of multi-centre studies is that they are rarely poweread
to detect centre-specific difference in treatment effect and costs, so only relatively
large cost differences can be detected. The most common method of estimating
treatment costs per patient is to take average or standard unit cost for each
resource item of interest and apply this to all costs recorded. (Schulman et al. 1996)
A less common approach iIs to use unit costs specific to each centre. (Glick et al.

1998) Raikou et al (2000) showed in a simulation experiment that there is a
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difference in the estimates gained from these two methods, and that a calculation
based on average or standard unit costs would overestimate treatment costs. This
poses a dilemma for the analysis of multi-centre cost-effectiveness studies.
Generalisation according to Juni et al (2000) is reliant upon relevance to a specific
setting, so results would need to be presented with unit costs relevant to each
participating centre. The remaining question is whether individual centre-specific
cost-effectiveness can be presented by assigning unit costs to the aggregate trial

results or only to the patients in the relevant centre.

Secondly, the model-based approach to economic evaluation can, potentially,
evaluate the relative cost-effectiveness of therapies under a variety of
circumstances and settings. A model may be based on inclusion of data from more
than one clinical trial, incorporate the opinion of clinical experts, and make use of
large longitudinal databases with patient-level information. The construct of a
model enables testing of generalisability by incorporating a range of model inputs
reflective of different scenarios. Briggs and Gray (1999) proposed the sensitivity
analysis as an appropriate stage in a modelling exercise for exploring uncertainty
relating to location and population. External validity of an economic evaluation

may, for example, be increased by the use of a pooled effect estimate from many

clinical trials. (Pang et al 1999)

Finally, there have been suggestions that observational data could be applied when
generating information on resource consumption and treatment patterns in clinical
practice. (Gold 1996, Drummond 1998, Sheldon 1996) One advantage of using
clinical trials as a framework for economic evaluation is that they provide the
opportunity to collect and analyse patient-specific resource use data, a feature also
shared by most observational data. (Johnston et al 1999) More frequently, large
observational databases are being used to assess clinical and cost-effectiveness of
pharmaceuticals, particularly in the US, where these databases exist for the
purposes of reimbursement. (Hornberger and Wrone 1997, Sacristan and Soto
1994) Economic evaluation undertaken in an observational context dispenses with
the need for a protocol for care, enabling recording of resource quantities as they
would normally occur. Also, being less resource-consuming to run than clinical

trials, observational studies may enable researchers to study larger patient
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population over longer periods of time, measuring clinically relevant final endpoints

rather than intermediate endpoints. (Drummond 1998)

Effect estimates with observational data are not protected from bias, and the
degree to which an estimate is biased is not knowable. (Davies and Crombie 1999)
For data to be useful for clinical evaluation, the researcher must be able to make an
attribution of causality between the pharmaceutical intervention and the observed
outcomes. This hinges on appropriate study design, valid data recording and
management and appropriate analysis to control for observed and unobserved
confounding factors. The feasibility of any potential source of data for economic

evaluation should be assessed prior to its undertaking.

The methods outlined above can be applied to meet the current limitations to
generalisabllity of clinical and economic evaluations, the underlying assumption
being that decision-makers really do need this information. An overview of current
guidelines for researchers undertaking economic evaluation may give an indication
of the extent to which those regulating the conduct and submission of economic

evidence pay attention to this issue.

2.3  Economic evaluation guidelines and generalisability

The first section of this chapter stated that clinical decision-makers include
physicians, health care providing organisations and governments. Regulatory
authorities, whose role frequently is to police the conduct of evaluations and the
uptake of new medical technologies, are also an audience for economic evaluation

evidence on health care interventions and their guidance may be influential on

those conducting such analyses

The primary focus of clinical trials conducted prior to marketing is meeting the
requirements of license-granting bodies such as the FDA, EMEA or national
regulatory agencies. There is no value-statement inherent in the licensing process
concerning the use of a compound in clinical practice. Due to the breakdown of the

price mechanism in the health care market, price or profit regulations have been



Introduced in most countries to regulate the price paid by the government for
pharmaceuticals. (Bloor et al 1996) Also, healthcare providers consider
pharmaceutical reimbursement systems to be a crucial part of the healthcare
provision. (Freemantle and Bloor 1996, Maynard and Bloor 1997) Decisions on
price and reimbursement status of a pharmaceutical are separate from licensing. A
challenge to the manufacturer is therefore to persuade a second set of regulators
that their compound is worth reimbursement and a given unit price, and the
submission of economic data to support these processes is a ‘fourth hurdle’ to
market access. (Freemantle 1999) The uses of economic evaluation information of
pharmaceutical therapies include price negotiations, reimbursement negotiations

and prescribing decisions. (Johannesson 1995)

The perspective of an economic evaluation, as well as the choice of patient- and
context-specific data, may have relevance to the generalisabilty of an economic
evaluation. The perspective of an economic evaluation determines which health
outcomes and costs are relevant to the study. For example, a cost-effectiveness
analysis (CEA) done from the societal perspective is comprehensive, counting the
health effects and costs experienced by all those who are significantly affected by
the intervention including the health service, employers, patients and carers. In
comparison, a CEA done from the health services perspective would primarily count
costs that are directly relevant to the care organisation and may omit costs and
outcomes that are not of direct interest to the decision-maker. The appropriate
perspective for economic evaluation is generally considered that of the society.
The US panel on Cost-Effectiveness in Health and Medicine analysis advised that
the societal perspective should be used in all such analyses. (Gold et al 1996)
There is however a risk that a study that incorporates a range of resource use
applicable to patients and society in one setting may have less scope for

transferability to a setting in which patterns and costs of care vary profoundly.

Recently, jurisdictions have introduced the right to formally require economic
evaluation data for reimbursement decisions, most notably Australia, the province
of Ontario in Canada and in the UK. (Commonwealth Department of Human
Services and Health 2000, Canadian Co-ordinating Office for Health Technology

Assessment 1997, National Institute for Clinical Excellence 2001) The need for
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good quality data and comparable studies has resulted in the publication of
guidance on the conduct of economic evaluations, but do these explicitly recognise

the need for generalisability of study results?

The Australian guidelines were introduced to aid submissions for new
pharmaceuticals to be listed on the government’s reimbursement list, the
Pharmaceutical Benefits Scheme (PBS). The submissions are reviewed by the
Pharmaceutical Benefits Advisory Committee (PBAC). (Hill et al 2000) The
guidelines emphasise that “an explicit preference is given for randomised trials over
non-randomised studies” for preliminary submissions. However, the guideline
acknowledges the limitations of such studies by issuing a section on how to

address these limitations through modelling. (Appendix J of the Guideline):

The use of models include “To examine the impact of differences between
subjects enrolled in the trials and patients who would be likely to obtain the
drug on the PBS and between the settings of the trials and the community
setting of the PBS in Australia. Both affect the generalisability of the trials to
the PBS context. Important patient factors which may affect outcomes are
identified in (c) of Appendix C. There may also be important differences in
the mix of patients who will receive the drug on the PBS. Two concerns of
the PBAC here are that there may be patients in the community who have
disease which is less severe than that of subjects who participated in the
randomised trials. There also may be patients in the community for whom
the main comparator can be expected to perform better than in the trials.
Both could diminish the difference in effectiveness between the proposed
drug and main comparator and, therefore, increase the incremental cost-
effectiveness ratio. Factors relating to the setting include extrapolating
results of trials conducted in hospitals to use outside the hospital and the
effect of more rigorous follow-up, which may swamp important differences in
the convenience and acceptability of the drug compared with alternative
treatments, with resulting effects on patient compliance and thence

response to treatment.
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The guideline also states that models may also be important to “modify resource

use patterns measured in the trials to reflect more closely those in Australia (and/or

to add likely changes in resource use patterns not measured in the trials).”

The Canadian guidelines provide assistance for the conduct of studies
accompanying applications reimbursement status on the province of Ontario’s
reimbursement formulary. (CCOHTA 1995) The Canadian Health Technology
Assessment programme has assumed responsibility for the academic contents of
the guideline. Guideline 11 of the document concerns “efficacy versus

effectiveness” and states:

“Ideally, pharmacoeconomic studies should report on drug effectiveness
rather than efficacy. Because effectiveness data are generally not available,
appropriate modelling techniques based on sound pharmacoepidemiology
(e.g. using epidemiologic studies to estimate patient compliance with
therapy in the real world) are permissible. All assumptions used in such
extrapolation techniques must be stated explicitly and thoroughly tested in

sensitivity analysis.”

In this context, retrospective data represents “viable but not ideal alternative

information sources”, and the use of meta-analysis is advocated. For resource use,

guideline 19 states:

“In considering international trials it should be noted that resource quantities
cannot be directly imported to the Canadian system, because of the major
differences in the way that healthcar<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>