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GENERAL INTRODUCTION






INTRODUCTION

INTRODUCTION

The health care system is continuously being confronted with promising new medical
interventions. In the past, most of these new interventions were adopted into clinical
practice without much a priori knowledge of their performance, except in terms of
safety and efficacy. In order to find the most favourable set of interventions for a
community, rigorous evaluations must also be made for economic efficiency.
Economic evaluation of a proposed intervention is a fairly recent phenomenon, and
its importance is growing. This thesis examines how economic evaluation can
enhance the efficiency of the health care system. The basic idea of economic
evaluation is to compare the costs of different treatment alternatives with their
various consequences, in order to determine whether a ireatment offers ‘good value
for money’.'

BACKGROUND

The principles of economic efficiency and cost-benefit analysis have been detailed by
the economists Pareto, Kaldor’ and Hicks.” Economic evaluations of medical
interventions began about 30 years ago, as rather crude comparisons ot the costs and
benefits of health care programs using the human-capital approach, in which benefits
were defined as reduced health care costs and increased labour production. Weisbrod
provided some pioneering evaluations of public health programs such as measles
.accination for children. He compared the costs of these programs with the benefits,
which were defined as the sum of the estimated reduction in subsequent treatment
costs plus increases in productivity due to better health and increased survival." The
first cost-effectiveness analysis was published in 1968 by Klarman ef al., on the
treatment of chronic renal disease.” QALYs were developed in the early 1970s in an
attempt to develop a measure of effectiveness incorporating effects on both quantity
and quality of life. Some of the pioneering work in developing QALYs was carried
out by Bush er al. in 1973°, in an analysis of a phenylketonuria screening program,
and by Weinstein and Stason in 1976 in their analysis of the cost-effectiveness of
treatment for hypertension. The development of the methodology of economic
evaluation is an ongoing process. The bearings of this development have recently
been formulated in a set of recommendations by the Washington Panel, a group of
leading researchers in the area of economic evaluation.'

In the 90s, the application of the technique of economic evaluation has become very
popular and the literature in this field has grown exponentially. The results of
economic evaluations are now being used as the basis for major policy decisions
about pricing and reimbursement of drugs, and, initially, for rationing in the Oregon
experiment.” A number of governmenis now require submission of the results of
economic evaluation of new pharmaceuticals to inform decisions about drug
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reimbursement. In 1992, the Australian government was the first to fmmal]y .r‘uequre
evidence on cost-effectiveness for public reimbursement for drugs, n;n addition Fo
proof of efficacy and safety. These requirements have also been introduced in
Ontario, Canada.” Recently, the Ministry of Health in the Netheﬂands hasfaken up
the issue. The Ministry is now in the process of dewemm‘ng gmdelmes for
reimbursement for new pharmaceuticals, in which the pharmacc_&utmal 1@115[‘@ has to
show proof of cost-effectiveness before a new drgg can be mc]pded in [‘h? basic
health package." In the US, the Health Care Financing Adm‘xmscr“almn is now
considering the introduction of cost-effectiveness as a criterion for M.edlca‘re
reimbursement.''* These requirements, and the likelihood that other countries wn..ll‘
emulate Australia’s and Canada’s lead, has led to further attention on the area of

economic evaluation.

THE DESIGN OF ECONOMIC EVALUATION

Since the first applications of economic evaluation to health care, as noted, more
refined methods are becoming available to measure the costs and benefits stemming
from the use of specific health care programs. Despite these methodological
advances, much work remains to be done before the results of economic evaluations
can be used with great confidence in decisions about the allocation of health care
resources. This thesis aims to be a further step in preparing economic evaluations for
use by policy makers,

There is a wide variety of instruments for measuring the costs and benefits of
nterventions. Generally, the RCT is considered to be the ‘gold standard’ for the
purpose of economic evaluation.' However, trial-based economic evaluations of
competing therapies have manifold drawbacks and present many methodological
difficulties. These were first identified in the early nineties by Drummond and
Davies", and by Rutten er al.' They touched upon issues in design, in the collection
of resource use data, the collection of outcome data, and in the interpretation of
results  from RCT-based economic evaluations. For example, such factors as
inadequate sample size and the inadequate duration of trials were noted as limitations
1o adequate policy making. Somewhat later, issues on the generalisibility of results
from RCT-based economic evaluation arose, illustrated in a study focussing on the
representativeness of cost-effectiveness results as estimated in one country for
decision making in other countries, ' In 1994, Leidl identified a number of factors
that may cause cost-effectiveness ratios at the population level to deviate from what
f*’*’““‘“fﬂ be expected when looking at RCT-derived patient cost-effectiveness ratios.
The factors identified include the presence of economies of scale and externalities.

.”lhc question that emerges, after identifying these limitations of economic evaluation
is how these issues might be overcome in designing future economic evaluation

4
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studies. How, for example, to interpret an economic analysis based on an RCT that
excludes patient groups which may however be an integral part of any treatnent
population, such as patients with co-morbidities? And how to handle issues of
protocol-driven resource patterns in a clinical trial? In other words, which approach
to economic evaluation will render results that can be used for appropriate and
effective policy making?

This methodological challenge has only recently received attention. A decade ago,
the use of checklists has been proposed to test the internal validity of RCT-based
economic analyses.' Later on, these checklist have been extended to also address the
policy makers® need to be informed on the value of economic evaluation studies for
their specific decision making context. This has e.g. been applied for deciding on the
use of two alternative treatments for acute myocardial infarction. The analysis was
found to be greatly uncertain on the cost-side of the analysis in particular, due to the
mutual influence of various interfering factors.'””” Other researchers have suggested
the application of sensitivity analysis. They note that by applying sensitivity analysis
to those factors that seem to most affect the cost-effectiveness ratio, and by screening
the range of parameters relevant to the specific decision context, policy makers can
assess the specified impact.”

Some authors argue for a trend away from trial-based studies and towards the use of
observational data or modeling studies.'** They note that observational data describe
ordinary medical practice and may therefore encompass a high real world relevance.
The economic evaluation of thrombolytic therapy is an example of a study in which
observational data have been applied to an RCT. In this study, estimates drawn from
observational databases were used instead of estimates of unit costs, as observed in
the trial.”

Others suggest that modeling might be applied as a substitute for or supplement to
RCT-based economic analysis.'**** Proponents of modeling argue that using it in
economic evaluation is an ‘unavoidable fact of life’® which will result ‘in richer
analyses with greater validity than a single trial can provide’.” Models applied as
substitutes tor RCT-based economic analysis derive their input data from a variety of
sources with varying degrees of scientific rigour. Effectiveness data can be RCT-
based, as applied e.g. in the cost-effectiveness study of the treatment of
hypertension™, but can also be derived from the less scientifically rigorous evidence
of observational studies, as applied e.g. in the costeffectiveness study of
mammographic screening strategies’, or can even be based on expert opinion.
Modeling, as additional 1o RCT-based economic evaluation, has been advocated
because it allows a simultaneous consideration of the effects of various factors that
may all affect the cost-effectiveness of a medical intervention as estimated in an
RCT-based economic analysis.*



CHAPTER ]

However, this trend away from RCT-based ecomm‘i[c a.na.ﬂyAsis is ex,pefr‘ien?mg strong
opposition, mainly from the field of clinical med@lne. TIns perspective is iuypn;ally
characterised by the notion that, if an ourcome is not directly measqmd, 01”11@ can
obtain any desired results, depending upon the model and Ehte assumption used’. FO{
example, in an editorial in the New England Jaqma:l of Medz‘c:me, great c‘onf:e?m was
expressed towards the use of (additionaly modeling in @gonomlc evaluation: blgs can
compromise even original scientific studies, but we behf':ve that mhff: oppormnmes for
introducing bias into economic studies are far greater given the d:screuogary nature
of model building and data selection in these analyses’.” Opponents of modeling
point to a much cited analysis of antidepressant use, which claimed to shqw that
paroxetine was more cost-effective than imipramine, and which caused cons‘lde.l‘“able
debate.” Reworking by other analysts who revisited the key assumptions of the
model led to opposite conclusions.”

While economists would consider that such a hesitant view reflects a lack of
appreciation of the role of models in economic analysis, it is clear that there is a
major difference between the clinical and medical economics perspectives. This
probably stems from the background of economic evaluation in health care. Although
it originates in clinical medicine, which has a tradition of experimental research, it is
also influenced by the field of economics, in which modeling has long been practised.

Basic to these diverging opinions is the worrying question of which instruments best
inform policy makers on the costs and benefits of medical interventions. The choice
of which instruments should be applied in economic evaluation is an issue of
increasing importance.’ As the pharmaceutical industry, encouraged by powerful
financial incentives, enters into the provision of economic information, concerns
about bias have been raised. There is concern thar assumptions and selection of data
sources can be manipulated in order to influence reimbursement decisions.*

This issue regarding the choice of instruments for economic evaluation is also
reflected in the formulation of national guidelines for the registration of
pharmaceuticals. In 1992, the Australian government released the first guidelines for
the pharmaceutical industry on the preparation of submissions 1o the Pharmaceutical
Benefits Advisory Committee (PBAC). The guidelines established strict evidentiary
standards and reporting structures. The PBAC recognised only economic evaluations
that were carried out alongside randomised trials. In 1995, a revised set of guidelines
was 'n'elems;ed, containing a number of interesting changes.™ Although every
spbnmssian still requires trial-based evidence, the revised guidelines recognise th::
often limited nature of the information from randomised trials, in terms of Jjudging
Fhe n’m{ clinical and economic performance of a drug. Modelled economic evalua];im
l‘h‘s cnmmdmjﬁd ‘tf) be potentially useful to the PBAC. Modeling can be useful to transter
or generalise from trial-based evidence, for example to modify resource use patterns
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particularly for non-Australian based trials. Hereby they ackunowledge that trial-based
evidence is the most internally valid but may be inadequate for policy making.

OBJECTIVES

This thesis elaborates on the informative value of economic evaluation to policy
makers and explores the methodological means by which an optimal informative
valoe can be achieved. The informative value of economic evaluation is defined as
the ability to adequately inform policy makers on the consequences of adopting a
medical intervention. This thesis examines the characteristics of the various
instruments of economic evaluation in terms of fulfilling this objective, and
formulates options for improving their informative value. In other words, the thesis
addresses the question of how economic evaluations can be prepared so that their
results can be successfully used by policy makers. Underlying this aim is the need to
link economic evaluations and policy making. The aim of the economic evaluation of
health care programs is to help policy makers in making appropriate decisions. If the
economic evaluation of health care programs were to have no impact on decisions
about the allocation of resources for health care programs, carrying out such
evaluations would be a meaningless activity. Thus, it is crucial to investigate further
what evidence policy makers require to adequately define health care policy.

As a first step, this requires information on costs and benefits that is valid from both
an internal and external point of view. Imternal validity addresses whether an
economic analysis truly determines which of the medical interventions under study
would provide the most benefit for the available resources. Just as with other types of
studies, the validity of economic analysis is primarily determined by the strengths of
the methods used. External validity of results from economic analysis refers to
whether the results can also be applied in other policy making contexts and whether
they accurately reflect costs and benefits as occurring in daily practice. In this thesis,
external validity is also labelled as ‘real world’ relevance. This concept implies that
the results from econormic evaluation must be adapted as closely as possible to the
real world, where patients are actually treated. This real world has been described by
Spilker as:

“the manner in which a particular medicine or treatmeni is usually used, given, or administered (which)

includes an incredible diversity and complexity of factors that may interact with any medicine or

treatment prescribed and influence a patient's clinical outcome”.**

The nature of the development of interventions implies that economic evaluation is
limited in its capacity to produce both internally and externally valid information.”
Figure 1 shows the typical diffusion path of an intervention.’® Most economic
evaluations are Phase 1 or Phase 2 studies, carried out prior to the licensing of an
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Ficure 1. The timing of economic evaluation studies and the frade-off between the need
for economic evaluation and the ‘real world' relevance of resulfs

intervention. External validity, however, is limited as observations are typically done
in an artificial design that does not necessarily reflect daily practice. Preferably,
economic evaluations should be carried out during Phase 4, when the economic
profile of the intervention can be observed in the real world environment. However,
with regard to the importance of licensing and reimbursement decisions, the need for
economic evaluation is much more urgent during Phases 1 and 2. The figure shows
the trade-off between the need for economic evaluation studies and the real world
relevance of results of these studies. This situation in economic evaluation produces
sub-optimal information to policy makers. This thesis considers how the informative
value of (RCT-based) economic analysis can be enhanced so that it better reflects the
real world environment of a policy maker. This includes an in-depth assessment of
the context-gpecific system variables.

As a second step, a formulation of the aggregate impact, i.e. the total costs and
effects at the population level, is required. This serves the need of e.g. health care
insurers who may want information on total costs related to the adoption of an
intervention before making decisions on coverage. Such analyses are in line with the
traditional economic approach that dictates that the impact of a new (medical)
intervention is assessed from a macro-perspective. This perspective takes account of
the present pattern of use of medical interventions and outcomes (an initial
equilibrium position) and models the impact of a new medical intervention n terms
ol substitution patterns and the resultant new equilibrium in the pattern of use of the
medical intervention, given the characteristics of the population being treated. Thus,
m‘lw net impact of the new medical intervention is examined in an equilibrium
vﬁmmewo?‘k a}m"l compares the cost-outcomes profiles before and after the new medical
nmtervention is introduced.

8
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Depending on the level of detail needed, such system impact analyses may be simple
extrapolations of results obtained at the individual level, but they may also involve
more sophisticated approaches like public health modeling. These latter analyses
comprise modules on the incidence of disease, on disease development, on patterns of
costs of interventions, and on the morbidity and mortality effects of interventions.
This thesis discusses the possibilities and limitations of transposing results from the
individual (patient) level to the aggregate (population) level.

RESEARCH QUESTIONS

The central question to be addressed in this thesis is:
How can economic evaluation studies be prepared to optimally support policy
making ?

This central question is distinguished into four sub-questions. As these sub-questions
are very much related to each other, they are not examined chapterwise but rather
discussed throughout the whole thesis. The following sub-questions are distinguished:

1} What are the requirements for economic evaluation fo optimally support policy
making ? This question is addressed in chapters 2, 7, and 8.

2) Whar are the existing approaches to economic evaluation? This question is
addressed in chapters 2, 5, 6, and 8.

3} Do these approaches fulfill the requirements for economic evaluation? This
question 1s addressed in chapters 2,3,4,5,7, and 8.

4) What can be done to bridge the gap berween the existing approaches and the
requirements? This question is addressed in chapters 2,3,4,5,7, and 8.

HOW TO READ THIS BOOK

This book consists of a number of studies that analyse the sub-questions as stated
above. On the basis of these individual contributions, the thesis works towards a
general framework to bridge the gap between clinical research and policy making.
Although the book is best read from cover to cover, the time-constrained reader
might find chapter 8 of most interest. In a general framework on the design of
economic evaluation studies, this chapter presents an overview of the methodological
achievements of this thesis. This chapter can also be read as an independent
contribution to the further development of the methodology in economic evaluation.
This thesis is further organised as follows:

Chapter 2 examines the requirements for economic evaluation to optimally support
policy making, and tests the characteristics of RCT-based economic analysis against

9
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these requirements. Particular focus is given to a critical assessment of the real world
relevance or external validity of results from RCT-based ecomomic analyses. A
systematic overview is provided on the presence of potential confounding factors
which must be considered when translating results from RCT-based economic
analyses to the real world context of a policy maker. This results in a checklist: a set
of recommendations to researchers on how to report RCT-based economic analysis,
and to policy makers how to interpret its results.

Chapter 3 examines the consequences of disregarding the potential biases of
economic evaluation in policy making. As an example, the impact of age is analysed.
It is shown that disregarding age as an important variable in cost-effectiveness
analysis may seriously bias allocation decisions regarding health care resources. One
reason for this is that the age structure in the RCT may be much different from the
age structure of the population in which the intervention will be applied. Another
reason ig that - because of demographic and epidemiological developments - the age
structure of the population may alter over the period for which the allocation decision
is relevant. Some suggestions are presented to control the influence of these biases on
policy making.

As another example of a potential bias, in Chapter 4, the potential impact of ignoring
interactions with other diseases within an economic evaluation is addressed. This is
illustrated in a study on influenza-related hospital admissions in the context of the
cost-effectiveness  of influenza vaccination. The hypothesis is  that some
hospitalisations which are attributed to other diseases om hogpital discharge
certificates are in fact related to influenza. From an economic perspective, this
implies that the cost-effectiveness of influenza vaccination may be severely
underestimated when looking at the changes achieved in the primary diagnoses of the
related diseases alone. Regression analysis is applied to control for this potential
confounding factor.

Chapter 5 explores additional modeling as an approach to enhance the informative
value of RCT-based economic analyses. The economic analysis of an intervention
against benmign prostatic hyperplasia (BPH) is taken as an example. By combining
RCT-based data and observational data on resource use related to BPH freatment,
costs as occurring 1o a real world environment are estimated. Furthermore, by
performing analyses at the aggregate level, the system impact of introducing the
intervention is assessed.

Chapter 6 reports on the informative value of economic analyses based on models.
As an example, a decision-tree model on the cost-effectiveness of pneumococcal
vaccination has been designed. The use of modeling is highly important for decisions
in situations that cannot be grasped by an RCT-experiment. This chapter illustrates
the relevance and usefulness of this methodology.

10
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The reporting of costs, effects and cost-effectiveness ratios by researchers is critically
assessed in Chapter 7. There is confusion on the decision-criteria as based on results
from economic evaluation. Moreover, an incorrect reporting of results may easily
lead to inadequate policy making. A number of suggestions are formulated to
confront the confusion.

The methodological achievements of this thesis are presented in Chapter 8. The
chapter addresses the research questions as proposed above. A general framework is
proposed to increase the validity (both internal and external) of economic evaluation
at the individual level, as well as to allow the transposition of results from the
individual level to the aggregate level.

Chapter 9 comprises a conclusive overview of this thesis. The results of the
individual studies are carefully examined within the context of the thesis, and the
achievements of the thesis are assessed in context of the overall methodological
development of economic evaluation in past decades. Furthermore, some areas for
further research are identified.
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CHAPTER 2

SUMMARY

The appropriateness of results from economic evaluation for allocation-decisions in
health care is a point of major concern for decision makers. This chapter
concentrates on the real world relevance of results from economic evaluation as an
additional step towards making results more useful to decision makers. Three classes
of biases are examined. The first relates to the limited scope that economic analysts
sometimes choose in RCTs. The second class involves the methodological aspects of
RCTs and guestions the real world relevance of the tools with which economic
analysts  estimate costs on the basis of RCTs. The third class concerns the
representativeness of RCT results, i.e. the generalizability of these results and rtheir
usefulness in other treatment contexts. The chapter discusses options for limiting the
potential confounding influences of these biases and proposes a checklist which
should be applied by policy makers when using results from economic analyses in
their own decision context and by economic evaluators when constructing and
describing economic analyses. This will enhance the relevance of the results of
economic evaluation in decision making and improve the information basis for actual
allocation decisions in health care.
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INTRODUCTION

In the clinical evaluation of medical interventions, there is no doubt that today the
‘gold standard” design for determining the efficacy of treatment is the randomized
clinical trial (RCT). Reliance on this system is beginning to be countered by a
growing body of outcome research which is based on observational studies and non-
randomized designs.’ At the core of these diverging perspectives on analysis —
experimental or observational — lies the worrying question of whether the results of
experimental assessments will provide us with sufficient information on actual
treatment effectiveness. RCTs are also considered an appropriate basis for the
economic evaluation of interventions. Because this design is increasingly used for
economic evaluations, it is important to consider whether the results of such studies
will provide us with sufficient information for our economic decisions in health care.

There are several impediments to the unrestricted use of economic evaluation results
that have emerged from RCT-based studies. For a given decision context, the
appropriateness of the (rial design has to be checked from an economic perspective,
and the representativeness of the trial for the actual treatment of patients has to be
considered. Decision makers have to look at the economics of actual treatment in a
given decision context, not the circumstances of the original trial: decision making on
the allocation of health care budgets requires a comparison of the mwost realistic cost-
information of various medical interventions rather than their costs as incurred under
very specific conditions. Because the RCT is the accepted standard for experimental
design and because of the need 1o use information appropriate for a decision context,
results from RCTs will continue to be used, but they must be adapted as closely as
possible to the ‘real world’, where patients are actually treated. This real world has
been described by Spilker as:

‘the manner in which a particular medicine or treatment is usually used, given, or administered. Although
this term is used as i it represents a single entity, this is obviously not true. Except in rare
circumsiances, the real world includes an incredible diversity and complexity of factors that may interact
with any medicine or treatmeni prescribed and influence a patient's clinical outcome’.’

[n this definition, Spitker refers primarily to the outcome of (reatment, that is, the
effect side in economic evaluation. This paper focuses on the cost side of economic
evaluation. A wide variety of factors may cause the costs as estimated through the
RCT to deviate from the costs in the real world. A good deal of research has been
done 1o date in this area. Drummond and Davies’, Petrou er al.*, Luce’ have
discussed issues such as the choice of discount rate, perspective, inadequate sample
size, inadequate measurement and valuation of cost data, and neglect of relevant
costs. This article adds to this existing knowledge and concentrates on the real world
relevance of results from economic evaluation.
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The analysis carried out in this article may be considered 235 a check@ist‘f(?r dec;glon
makers who are extrapolating cost estimations from‘RC I's to their own sgtqu.
Moreover, it may be beneficial w0 those constructing an RCT bj«? 1@6[}{1@!1{1@;
shortcomings which can then be better anﬁc‘ipated. Hence, this analysxs‘ ica;n bg
regarded as a further step in the commmnica.mve pmce:ss between r‘es‘ea}rc‘"htm‘ z'm
decision makers to make results from economic evaluation more u\seﬁﬂA for‘dems;on
making. All of the faciors discussed in this article may have a confounding influence
on the estimation of costs in connection with RCTs, as opposed to the cos‘ts~ac.malify‘
accruing in the real world. Some factors are relevant at all stages of the diffusion of
medical technologies, others only at later stages.

The factors, or potential biases, can be defined in three classes. The first relates 1“0
the limited scope that economic analysts sometimes choose in RCTs. Ecunmmm
analysts may adopt a reductionist stance which does not fully account for factors like
adverse effects and interactions with other diseases, and this may bias the cost
estimation involved. The second class of biases involves the methodological aspects
of RCTs and questions the real world relevance of the tools with which economic
analysts estimate costs in connection with RCTs. The third class of biases relates (o
the representativeness of the RCT, i.e. the generalizability of its results and its
transferability and usefulness in treatment contexts other than the RCT setting. Even
when the scope and the methodology of economic evaluation do meet the standards
$0 as to produce unbiased cost figures, decision making in another treatment context
than that in which the RCT took place may be biased.

Costs can be defined as the resource consumption which is associated with an
intervention. It should include all resource consumption, comprising not only costs
directly associated with providing the technology, but also the cost flows that are
saved or spent as a result of the course of the disease, changes in treatment, and the
use of the technology. However, there is much confusion as to which consequences
to consider as eflects, and which as costs.” In this article, ‘costs’ are considered to be
those economic tonsequences which typically appear in the numerator of the cost-
elfectiveness ratio.

It should be noted that this article does not aim to question the design of RCTs, but to
discuss issues which could cause decision makers to derive the wrong implications
from trial studies. Moreover, while the analysis focuses on the RCT as the vehicle
fwhic:h is regarded as the most appropriate for economic evaluation, several of the
issues raised are relevant to other kinds of economic evaluation too.

The paper begins with a systematic outline of > factors belongi

o i : [ ! [‘..iL,b ’T “\\‘Hh )a Syh[.m‘llallt \gm!mu Qlf. the fﬂaqgra belonging to these three
CHsSes of bas. In the following section, options to limit the potential confounding
nfluence Qt’ these biases are discussed and a check-list is presented. This check-list
adds 1o existing check-lists and is developed for decision makers (o test the relevance
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of resulis fromi economic evaluation for their decision making context. Finally,
conclusions are drawn.

SCOPE OF RCTs

RCTs are typically limited in scope in three respects, any one of which may seriously
flaw the adequate estimation of actual treatment costs. First, evaluators liuit the
breadth of analysis of RCTs to the disease under study; this means that interactions
with other diseases may be overlooked. Second, the impact of external effects may be
overlooked. Third, RCTs may not be designed to cover a period long enough to
adequately measure the full economic impact of medical technologies.

Interactions with other diseases’

Interactions with other diseases may bias cost estimations derived from RCTs.
Evaluators typically estimate the direct effect of an infervention on a single disease,
while assuming that the intervention will not change mortality or morbidity from
other causes. This assumption is rarely tested because RCTs usually lack the
statistical power and length of observation period to detect associations between
interventions, risk factors and apparently unrelated morbidity and causes of death.’

Two types of interactions with other diseases can be distinguished. The first relates to
diseases with ‘concurrent” or ‘dependent” determinants. In the case of two diseases
with a concurrent determinant, an intervention which focuses on this determinant in
order to fight one disease will change the risk of acquiring the other disease. This
risk may be reduced, if the determinant was a risk factor for the other disease. For
exaniple, assuming smoking is a risk factor for both coronary heart diseases (CHD)
and lung cancer, a reduction in smoking will reduce the incidence of both CHD and
lung cancer.®” On the other hand, the risk of suffering another disease may be
increased, if a determinant is a risk factor for one disease (which is the subject of an
intervention), but at the same time is a protective factor with respect o another
disease. It has been suggested, for example, that smoking has a protective function
with respect to dementia. The positive effects of smoking cessation on CHD and lung
cancer would then be offset by an increase in dementia.”" Disregarding the indirect
impact on other causes of death will lead evaluators to miscaleulate the survival gain
from an intervention. In the estimation of costs of an intervention aimed at one
specific disease, ignoring any costs or savings stemming from interactions with other
diseases will lead to biased estimates of the real world costs.’

The second type of interaction with other diseases is in the case of discases with
‘independent’ determinants. Assume that the risk of dying of a specific disease will
be reduced by intervening on its determinants. However this has no effect on the
risks of acquiring diseases that were not correlated with the determinants of the initial
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disease. The likelihood that the treated individual will de’velop\ any of these Subsumvg
diseases is the same as for the rest of the population. There is no com;ensus‘ff:inmmgj
economic researchers whether the extra health care costs re}atefi to these dweasgs
should be included in the analyses. In the Canadian gmd‘[elm”es for €COnomic
evaluation it is recommended to include these future costs''; in th"e‘.Austra'Jmm
guidelines the opposite is declared.'” However, because of the process ot.dxscou‘mtmg,
the present value of future costs and effects is considerably reduced and is x:ornmdqed
as safe to be ignored in the analysis.” This can be shown for the economic eva]uaqon
of tuberculin screening and treatment in which two separate analyses Werea carried
out. An ‘augmented’ analysis, which included the costs of medical care incurred
during extended survival and a ‘direct’ analysis which did not include these co‘sts.“]m
the augmented analysis the extra health care costs were found to amount to one-third
of the total costs of screening and treatment of tuberculin. However, when
discounted, the influence of this factor on the cost-effectiveness ratio was reduced io
an almost negligible level, since the extra health care costs would be incurred only in
the distant future.

External effects

External effects may produce costs or savings that fall on non-patients and which are
typically not considered in RCTs. For example, external effects may be involved in
the case of early intervention in human immuno deficiency virus (HIV) infection.”
At the individual level early intervention may be beneficial but at the population level
this may, given certain conditions, also provoke negative effects; the intervention
may cause an increase in the spread of HIV in the population because people at an
infectious stage are kept alive longer and may consequently infect more people.
Decision making in the presence of external effects is bound to be sub-optimal if
based solely on information provided by RCTs.

Inadequate duration

The definition of the endpoint of the RCT and hence the duration chosen for the RCT
may vary for clinical research and cconomic evaluation. Clinical research tends to
define endpoints as the state of affairs at a fixed follow-up time, such as the n-year
survival rate difference. Economic evaluation requires an endpoint which repr\es:ents

the cumulative life-time effect. For example, economic evaluations of medica]
nterventions aiming at chronic diseases should cover a period long enough to ensure
that l'he. full economic impact of the intervention has been measured. In the case of
ccqmnmc evaluations of medical interventions directed at acute diseases, the
estimations of costs and quality of life also require a longer time interval than the
lmz‘mgm}mm ol clinical parameters only." Decision makers should be aware of any
Lmrehahm{y caused by this factor. For example, Petrou er al.® have calculated cost-
per~@ALY estimates after sensitivity analyses were performed on the assumed
Survwal pmﬁtﬁdg accruing from seven meerventions. For two procedures, the analysis
has little effect on the cost-per-QALY estimates since the recurring annual costs of
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treatment and the annual QALYs gained per patient tend to cancel each other out.
For the remaining five procedures, wide variations in cost-per-QALY ratios
emerged, largely explained by variations in the potential survival periods. This is the
result of the one-off cost for surgery reducing the average annual cost per patient as
the survival period increases.

METHODOLOGY OF RCTs

There are a number of features of the methodology of economic evaluation based on
RCTs, which may potentially bias the estimation of costs. The underlying cause is
the difference between the objectives of RCTs and economic evaluations. The main
purpose of RCTs is to assess the efficacy of a therapy rather than to demonstrate its
efficiency; economic evaluation is often viewed as ancillary work. Moreover,
economic analysts are frequently involved only at a latter stage, when most decisions
with respect to the methodology have already been made,

A large number of these methodological shortcomings of economic evaluation have
been extensively reported elsewhere.”* However, two factors which may typically
limit the real world relevance of results from economic evaluation and which have
not attracted much attention in the context of economic evaluation are artificial design
of RCTs and patient non-compliance.

Artificial design

RCTs often have an artificial design, which means that cost figures obtained from an
RCT may very well deviate from the costs that would occur in the real world. For
example, more safety and efficacy tests are usually performed in an RCT than in
normal medical practice.” More attention is also paid to consistently following-up
every complaint or potential adverse event, with increased patient monitoring and
consultations. This may cause cost estimates based on RCTs to be higher than might
be the case in medical practice.” One must also consider the Hawthorne effect, which
is the tendency of people to change their behaviour because they are the target of
special interest and attention in a study: patients may improve because of this
attention and not because of the treatment itself.'” The presence of the Hawthorne
effect may cause the effects, and hence cost-effectiveness, of an intervention to be
more favourable in the RCT than in the real world. On the other hand, certain
clinical problems may be detected more frequently in RCTs than would be the case in
the real world, they may be detected earlier, or may even be prevented from
occurring. Depending on the problem being considered, this may increase or
decrease costs in the long run.
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Patient non-compliance ' .
RCTs rarely show the effects of poor compliance and so reveal only clinical cost

effectiveness. For example, it has been argued that both mx:eg rreatmem‘benehcteal:)c;
cost vary with compliance in the ca_ﬁe-of a dn}g ti}f:fapy. Iihe: cmriiqu?m o
imadequate drug wsage is likely to be cJ‘.mmcal.demieﬁnora.mn of the fac‘utors: 1€ milg 5
prescribed to prevent or manage, e.g., epﬂﬁeﬂpm seizares for anu—gpﬂe;;mf rjugsl;
hyper[”ensim for anti-hypertensive drugs ete. The consequences may‘ Lake‘ the f)r;m 0"
an acute problem resulting in hospjm‘llzm{c}n costs, or of a mqr? CI]FOHIL‘ anj
requiring costs for prescription changes, dlagnostlc re‘st'sﬁ Co‘nsulm.[:mms, ‘aqd morg
frequent visits. In an estimation of non-compliance z‘md its economic cmnseqyenc&si
based on a group of ostensibly cooperative patients, it was calculated mm‘ savmgs of
approximately one-third of the total costs of drug treamtment can result from rather
conservative improvements in drug usage.'® Compliance with mhe.rapy can be
expected to be higher in RCTs, since patients are closely supervised. If non-
compliance is not considered when resulis are extrapolated to the real world, costs
may turn out (o be higher than expected.

REPRESENTATIVENESS OF RCTs

The third class of bias concerns the representativeness of RCTs. The costs of
treatment may well vary depending on which patients are treated, which physicians
treat them and where the treatment takes place. Consequently, decision makers who
wish to extrapolate RCT results to their own context should bear in mind that the
patient group which was studied, the treating physicians and the setting of the RCT
may not be representative, causing costs to differ.

Patient case-mix

The patient case-mix refers to the mixtare of patients with varying capacities to
benefit. RCTs tend to include cases which are most likely to lead to effect detection.
However, this case-mix may not be representative of the situation in the real world,
which can have a large impact on the costs involved. The case-mix in an RCT may
vary from the medical practice context because of differences in the patients’ severiry
of illness, because of co-interventions or because of differences in paticr;t
characteristics.

.Smwn'ty of illness. There are two dimensions to the severity of illness which may
mpact on the costs of interventions. First, across settings, the introduction of a
pmce@m in a hospital may attract patients with a different severity of illness than
Umev patients involved in the RCT. There is evidence that patient n::murce use bfo‘r
pauema? within individual diagnostic related groups (DRGs), varies s‘igmﬁc;ml

depending on the patient's severity of illness." In this case, the severiry 0;’ illness Wai
calculated from patients’ laboratory, radiology, and diagnostic test results, vital

d
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signs, medical history and physical exam and secondary diagnosis (co-morbidity). 1t
has also been shown that the costs of heart transplants depend on the level of risk or
severity of illness of the patient involved; for a low-risk male patient the calculated
cost of a heart transplant is $81,297, whereas for a high-risk male patient these are
$103,897.%° For acute myocardial infarction (AMI) patients, it has also been
demonstrated that the variance of cosis can be largely explained by the severity of
illness on admission.™

Second, the indications for patients eligible for treatment may expand over time.
Once anp intervention is adopted, the mix of patients receiving treatment may change
over time, and it may be that the first patients to be treated have a higher capacity to
benefit than the patients treated later.”® This can also be regarded as technological
change, in the sense that physicians increasingly master the technology to treat ‘more
difficult’ patients. For example, in a study on the increase in physician inpatient
spending from 1985 to 1988, a slight worsening of case severity has been found to be
an important contributor, both for medical and surgical procedures.” In a study on
the indications for coronary artery bypass graft (CABG) surgery, it has been shown
that extensions of these indications lead to a patient case-mix including patients
whose condition is worse, and hence to worse results. The costs may be expected to
vary accordingly.* Failure to recognize these potential cost differences could bias the
extrapolation of results from RCTs into the real world.

Co-imterventions. As noted, RCTs tend to include cases which are most appropriate
for effect detection. Since treatments other than the intervention under scrutiny might
confuse the estimation of the costs and effects of that intervention, patients
undergoing these so called co-interventions will typically be excluded from the
analysis. However, this constitutes a bias as patients in the real world do undergo
other treatments.”

Patient characteristics. Differences in patient characteristics may also give rise to
variations in costs. For the treatment of AMI patients, it has been shown that specific
background characteristics of patients may be responsible for differences in medical
care costs, given the severity of illness.”’ Patients may, e.g., differ in their pre-
hospital medical history or in individual characteristics such as age™ or gender.

Physician
Ditferent physicians may treat similar. patients differently, which may lead to a
variance in costs. Variances in physician characteristics and physician learning effects
may cause the costs estimated from the RCT to deviate from costs observed in the
real world.

Physician characteristics. In a study of the impact of medical staff composition on
costs it was found that higher percentages of specialists and board-certified physicians
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increase cosls significantly. Using physicians 7mnt'n[:)l();»,ﬂfzcl at a medllcal school w.
found to be significantly related to lower costs.” In another study, 17{‘ was obigerw
that a higher percentage of staff physicians under age 45 reduced hospital costs.

Physician learning effects. In a number of i'nd.xa']stries it is well kximwn that ll:;e averag
cost per unit produced tends to decrease m[h(uﬁmrﬂeased py‘roductmm volu‘mg K ;vhemv;
good evidence that this volumejcost‘ relatmnsmp is due, in pargé to aq I.ez?rmnb cm““v‘
whereby efficiency of production increases with experience. Physwmﬂ”learmn
effects are increases in skill levels which take place when more operations ar
performed: the effect has been termed ‘practice makes p?rfect““ or :skx]
maintenance’.”* In the case of heart transplants, the specific experience of individua
transplant surgeons has been found to have no significant effect on costs.ﬁ“ On th
other hand, there is some evidence that physicians with more years of experience turl
out to be significantly more costly, with cost differences much larger than expectec
based on salary differentials.”” Decision makers must consider that when clinica
approach of the physician involved in the RCT and the physician in the real worlc
differ, costs may differ accordingly.

Setting

The difference of seiting between RCTs and the real world represents another
potential bias. This can been seen most clearly in the different costs for the same
intervention carried out in a developed country, and in a less developed country.
Costs may deviate not only across countries, but also across hospitals or other levels
of organisation. Interventions which are introduced in hospitals other than that in
which the RCT was conducted may generate costs that are different from those
estimated from the RCT, because of factors such as hospital characteristics, learning
effects and economies of scale.

Hospital characreristics. There has recently been ample research on the relationship
between hospital characteristics and costs. It has been observed that hospitals which
spend higher percentages of time in teaching, administrative, or research activities,
relative to patient care activities, generate higher costs. For example, the cost of
discharging a patient from a teaching hospital (academic hospital) is $338 higher than
in a non-teaching hospital.” This implies that an RCT of an intervention conducted at
& teaching hospital - which is certainly not an irrelevant case - may yield cost
estimates that are relatively high compared 1o the costs which will be incurred at non-
leaching hospitals. The extrapolation of results from such an RCT to non-teaching
hospitals may therefore be seriously biased.

Hospital learning effects. Hospital learning effects in heart transplants are defined as:
‘the product of the collective experience of the organization as g whole, not merely the experience of

individual surgeons, and as the efficiencies {which) are learned at a system level as the
teany, including the surgeon, gains experience in the successful coordination of activities
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A study on the costs of heart transplants disclosed that the reduction in cost over time
can be explained to a substantial degree by hospital learning effects. Using a
reference case, the study predicts a cost of $81,297 for the first heart transplant
procedure performed at a hospital. For the fifth, the predicted costs would be only
$48,431. For the twenty-{ifth case, the predicted cost would be $35,332, and for the
fiftieth case the cost would be $25,458 (31 percent of the original cost).™ The
implication is that, over time, costs in the real world may decrease, so that an
intervention which seems to be cost-ineffective based on the figures from an RCT
may very well become cost-effective.

Capacity utilization. Capacity utilization observed during the RCT and capacity
utilization in the real world may differ considerably.” If there is a higher utilization
of medical equipment in the real world than in the RCT, and the economic analyst
does not take this into account, the actual costs int the real world will be lower than
the costs estimated from the RCT. One study of the costs and effects of laparoscopic
cholecystectomy recognized this issue and provided information on costs for different
levels of utilization. The critical number of cholecystectomies required before it
becomes cost-efficient to invest in electro cautery laparoscopic equipment has been
estimated to range from 60 to 140.*

A related problem arises when an intervention pushes production beyond capacity
thresholds. In such cases, additional equipment has to be purchased, causing costs - if
the additional equipment is not fully utilized - in the real world to be much higher
than the costs estimated through the RCT. If full capacity utilization is achieved,
however, this problem vanishes.

Economies of scale. Economies of scale result where greater capacity leads to lower
average costs in the long run, at a given level of capacity utilization.” This may
cause costs in the real world to deviate from costs estimated from the RCT, with the
direction of the difference depending on the difference between the scale of the
setting of the RCT and the scale of the setting of the real world. In a swdy on the
costs of U.5. teaching hospitals, the average incremental costs of the outputs were
estimated to be generally higher than their marginal costs at sample means, indicating
the presence of some product-specific economies of scale. Strong economies of scale
were found for the numbers of residents, discharges, and inpatient days, and near-
constant returns 1o scale for outpatient visits.”’

Joint production. Joint production is said to occur if the function of hospital costs is
sub-additive, that is, if the sum of the cost of producing outputs separately is greater
than the cost of producing the sum of these outputs jointly.” This implies that one
should know whether there were joint production effects in the RCT if the results are
to be extrapolated to other settings. If there is joint production in the RCT and not in
the real world, costs in the real world may be higher. Conversely, if there is no joint
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production in the RCT, but it does occur in the real world, real worfl‘d cOStS may .,b‘
Jower. Positive product-specific jomt producn.iw'onjpaﬁ bem found, for example, fo
residency training and outpatient visit outputs.” That is, the resource m‘st_s 0
producing these services jointly was found to be less than the sum of the individua
costs of producing each service separately.

Health service / country characteristics. The substantial variations in the OrgﬂlliSfiiiDI?
of health services across different local areas may also limit the generalization of cosl
estimations from RCTs. Contexi-specific factors such as the availability of outpatient
or community services or the hospital reimbursement mechanism may very well
influence the length of inpatient stay and consequently the costs. For example, the
success of a method to reduce hospitalization for people with AIDS might depend on
the availability of community care and the extent to which informal care networks
have been developed.’

Decision makers who wish to extrapolate cost estimates from RCTs carried out in
another country to their own setting should be extremely careful. Several factors have
been reported which vary from country to country and which may aftect the costs of
an intervention to a considerable extent. These include differences in general and
relative price levels for health care resources, and in community attitudes, clinical
practice and financial systems. For example, the costs of ulcer patients receiving
surgery in the United States were calculated to be 6 times higher than those in the
United Kingdom.”

A VIEW UPON THE IMPACT OF BIASES

As shown above, cost assessment in decision making may depend on a number of
lactors that can deviate between the RCT and the decision context. These factors may
affect costs in various directions and ways, and they may do so specific 1o the
medical intervention under study: a factor may constitute a major bias in an economic
evaluation of one intervention, while being unimportant in another. Therefore, the
full range of potential factors has to be specifically considered when using RCT
evaluation results in concrete decision making.

In order to illustrate the potential impact of the various factors on cost assessment, a
tentative example is discussed in the following. It is based on preliminary but
plausible hypotheses whichh must be specified in the concrete utilization of RCT
evaluation results in actual decision making. Such hypotheses should also be
formulated by decision makers to assess which potential biases are most relevant to
f?(’:mlmmic evaluations of a particular intervention. In the example, two types of
interventions, such as surgical procedures and drug treatments, are considered (Table
1. The strength of the potential impact is reported in a range from ‘0’ expressing no

26



POTENTIAL BIASES

impact to “***’ denoting large impact. Only those factors which are hypothesized to
play a role for one class of medical interventions, but not for the other class, are
discussed below.

Most biases stemming from the (limited) scope of RCTs are equally pertinent to
surgical and drug interventions. However, the issue of external effects seems
irrelevant to surgical procedures. External effects typically occur in the case of
infectious diseases which normally involve drug treatments. The issue of patient
compliance clearly appears to be more important for drug treatments than surgical
procedures, as the latter requires relatively little active participation from the patient.
Regarding the methodology of RCTs, it can be stated that the potential biases arising
from selective patients' withdrawal are likely to be more important for drug
interventions than surgical procedures, as the latter offer fewer opportunities for
withdrawal.

With respect to the representativeness of results from RCTs, physician characteristics
and physicians’ learning-effects are most important for complicated, risky and
difficult procedures.” " Moreover, hospital characteristics or hospital learning
effects are most relevant to procedures which are dependent on relatively complicated
equipment and/or intensive cooperation of the operating theatre staff.”**" This means
that physician/hospital characteristics and learning effects may be a more important
source of bias for surgical procedures than drug interventions. The issue of capacity
utilization seems more applicable to surgical procedures than to drug treatments,
because the former is more likely to involve expensive egquipment and high fixed
costs. Economies of scale are most likely to be found for interventions with high
overhead costs, e.g. cosis of hospital administration. This seems to be more
applicable to surgical procedures than to drug treatments, as the former are relatively
more imbedded in institutional care.

The factors associated with the representativeness of economic evaluations seem (o be
more pertinent to drug interventions compared to surgical interventions. Factors
related to the limited scope and the methodology of an RCT seem 1o be equally
pertient to both types of medical interventions. For most categories, the direction of
the potential bias is ambiguous and has to be specified for the particular intervention
under study. However, for some factors the general direction of the bias can be
stated. The issue of non-compliance, which seems to be more of a problem in the
‘real world” than in the RCT, will cause the costs in the ‘real world’ to be higher
than estimated from the RCT. Also, the ‘patient case-mix” probably causes RCTs to
underestimate costs; RCTs tend to include patients who are most suitable for effect
detection and who therefore generate relatively low costs. It is important, however,
to remember that these factors are relevant only if their impact on the cost estimates
differs between the experimental programme and the comparison programme.
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TaBLE 1 Potential impact of potential biases in the cost estimation of lwo classes of medical interventions”

Class of bias Source of bias Potential impact of bias
Surgical intervention  Drug intervention
Scope of RCT interactions with other diseases - o
externa) effects 0 o
inadequate duration *
patient non-compliance * i
Methodology of RCT artificial design i ”
patient pon-compliance * b
Representativeness of RCT  palient case-mix i -
physician characteristics * *
physician learning effecls e .
hospital characteristics = *
hospital learning sffects " *
capacity utilizafion b *
gconomies of scale ” *
joint production * *

health service / country
characterislics

aj The impact of the various factors ranges from ‘0" expressing no impact lo ***' dencting large impact.
b} This is only applicable in the case of infectious diseases.

For example, if patient non-compliance causes costs in the real world to be highe
than estimated at the RCT, but by the same factor for the experimental anc
comparison programme, the observed cost difference between the RCT results anc
the real world will not be important to decision makers. The cost-effectiveness of the
experimental programme remains the same. Therefore, it is only necessary to control
for those factors which are expected to respond differently in the economic
evaluations of the interventions studied in the RCT. For example, there will be less
need for intensive control in an economic evaluation involving two almost identical
drug interventions than in an evaluation of a surgical and a drug intervention.

ACCOUNTING FOR POTENTIAL BIASES

Accounting for potential cost biases is not solely the responsibility of decision
makers. There are a number of things which economic evaluators and decision
makers can do to increase the relevance of results of economic evaluation based on
RCTs for decision making.
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These issues, which stem directly from the three classes of biases as identified above,
are presented in Table 2. The table can be considered as a checklist which decision
makers can use to assess the relevance of economic evaluations for their own
decision context and which economic evaluators may review and use in their
documentation. Many of these matters are related to the collection and use of
additional data which will not always be available. However, these issues being
explicitly defined, researchers will become more aware of their importance and can -
especially in early stages of the design of the economic evaluation - make more
efforts to produce this additional data. The checklist adds to standard checklists for
economic evaluation studies like has been proposed by Drumimond, Stoddart and
Torrance.'” Our list also has a different focus: whereas the Drummond, Stoddart and
Torrance check-list concentrates on examining the appropriateness of the
methodology applied in economic evaluations, our checklist concentrates on the real
world relevance of results from economic evaluations as an additional step towards
making results useful to decision makers.

1. Is epidemiological information reported?

To allow decision makers to adjust the cost analysis for any differences in capacity
utilization between the RCT and their own decision contexts, information is needed
regarding the number of patients who are medically eligible for intervention.
Researchers should provide incidence and prevalence figures regarding the disease
the medical technology is focussed on.

Furthermore, decision makers should be able to account for risk reductions or
increases due to interactions with diseases with dependent determinants. Although
little is known about these kinds of interactions, decision makers should at least be
informed about any indications of possible impacts and epidemiological information
regarding these factors should be indicated. Furthermore, researchers must provide
additional information with regard to the presence of external effects, which requires
advanced modeling in the case of communicable diseases. Indications aboul
epidemiology and linked costs are available for some diseases, such as HIV-related
diseases.” Of course, epidemiological information regarding interactions with other
diseases and external effects needs to be reported only if relevant.

2. Are context-specific factors explicitly reported?

It will never be possible to fully transfer the results of an economic evaluation from
one setting to another. However, to allow decision makers to assess, and perhaps
improve, the representativeness of the results, economic evaluators should at least
outline a number of issues.

First, the various procedures undertaken in the RCT should be reported explicitly.
With this information, decision makers can compare the use of resources in their
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particular decision context with that of the RCT and can account for potential biases
that may arise from any artificiality in the design of the RCT.

TasLE 2. Check-lisf cost-assessments based on RCTs

1. Is epidemioclogical information reported?

* Are the patient streams (as determined by incidence and prevalence figures) indicated?

* Are indications about interactions with diseases (risk reduction or risk enhancements) indicated?
* Is additional information with respect fo the presence of externalities provided?

2. Are context-specific factors explicitly reported?

* Are the various procedures undertaken in the RCT explicitly reported?

* Are volume and price components reported separately?

* Are fixed and variable costs related to the intervention specified?

* Is the extent to which the case-mix of the patients participating in the RCT is representative of the patient
case-mix in the real world indicated?

* Are the spacific physician and hospital characteristics (such as experience) that seem most likely to most
influence the cost estimation reported?

* Are the characterislics of the health care system in which the RCT is carried out and that seem most likely
fo most influence the cost estimation reported?

* Are any learning effects indicated?

3. Is there an indication of the impact of non-compliance?

4. Is real world sensilivity analysis applied?
* Is sensitivity analysis carried out regarding those factors which are most likely to cause deviations between
RCT results and the real world?

5. Are future developments indicated?

* Are future patient flows (as determined by the incidence and prevalence of the disease) indicated?

* Is there an assessment of what kinds of pahent groups will receive treatment in the future, as the
intervention is diffused?

* s there an indication of possible future price changes for the equipment?

Second, volume and price components should be specifically reported, to enable
decision makers to adjust the economic analyses for any price differences that may
occur between countries or over time. Third, fixed and variable costs related to the
intervention should also be specified. This will allow the decision maker to adjust the
results of the RCTs for any differences in capacity utilization and economies of scale
in the real wnrldl context. Fourth, there should be an indication of the extent to which
the case-mix of the patients participating in the RCT is representative of the patient
case-mix in the real world. Any changes in cost-effectiveness which are expected as
the medical technology is applied to other groups of patients should be reported.
Fifth, specific physician, hospital and health care system characteristics which seem
o most influence cost estimates, should be reported. Sixth, any learning effects
should be indicated; learning effects can be identified by checking data for a time
trend while controlling for confounding factors.
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3. Is an indication of the impact of non-compliance given?

Although difficult to quantify, indications of expected levels of non-compliance and
their impact on costs should be provided by researchers. To accomplish this, first,
levels of non-compliance must be predicted. Non-compliance parameters have been
established regarding some interventions, but obviously these may be different in
other therapeutic areas.”” Second, the possible consequences of inadequate drug usage
(e.g. side-effects) need 1o be predicted. The effects of non-compliance are, of course,
specific to the intervention under study and can often only be guessed at. However,
observational studies have been carried out for some interventions, and consequences
predicted with some degree of certainty.” Third, the costs of the various
consequences need to be assessed. Depending on the severity of the consequences,
this may involve costs of hospitalization, extra diagnostic tests or more frequent
office visits. Overall, it is clear that estimating costs of non-compliance is a highly
speculative matter.”® Nevertheless, these crude indications may very well improve the
usefulness of RCT results for the decision maker.

4. Is real world sensitivity analysis applied?

The various components of an economic evaluation are bound to be surrounded by
uncertainty. To reduce this uncertainty and to increase the usefulness of the results
for decision making in the real world, researchers should carry out real world
sensitivity analysis. Subject to analyses should be those factors that are most likely to
cause divergences between RCT results and the real world situation. For example,
sensitivity analyses should be applied if it is suspected that the duration of RCTs
tends to be too short to provide certainty about the full economic consequences of
medical technologies. This involves a test of the assumptions regarding the survival
period of the individuals treated and the durability of the equipment involved.
Furthermore, sensitivity analysis may be applied to factors like capacity utilization or
discount rate.

5. Are future developments indicated?

The rapid developments taking place in medical technologies demand economic
evaluations which consider dynamic processes. Decision makers who are
implementing medical technologies need to consider not only current cost-
effectiveness but also the impact of fiture developments on cost-effectiveness.
Therefore a number of time-related processes should be indicated.

First, future patient streams (incidence and prevalence) regarding the medical
technology under study should be forecasted and reported. This makes it possible (o
analyse the differences regarding capacity utilization between the RCT and the
decision making context. Second, and closely related, there should be an assessment
of what kinds of patient groups may receive treatment in the future, when the medical
technology under study diffuses, i.e. other potential indications for the medical
intervention should be identified. These patient groups may be less suitable for
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treatment - thereby involving less benefits (and higher cosis) - which would cause
cost-elfectiveness 1o decrease.

Third, researchers should indicate any major changes which can be anticipated in the
price of the equipment involved. This is often rather hard to predict, but in other
cases e.g. when economies of scale are involved (when the medical technology is
introduced on a large scale) it may be easier to anticipate.

The information required is specific to the medical intervention under scrutiny; only
those elements which are relevant should be included. Tt may be beyond the scope of
articles in scientific magazines to report all of this information. Therefore the
information should be included in ‘laboratory books” which provide background
information on the results presented in articles and which can be employed by
decision makers.”

However, even when the results of an economic evaluation are provided in such a
transparent form, decision makers may need additional analyses to account for other
potential confounding aspects. For example, when relevant costs are unknown, or the
mode of comparison or the perspective is inadequate, additional data needs to be
collected or intensive modeling is required.

CONCLUSION

There has been a good deal of discussion on the appropriateness of cost-effectiveness
information estimated from RCTs, and its transferability to other contexts. This paper
has contributed to this discussion by detailing and amplifying the issues on the cost
side and by improving the documentation of relevant factors, such as patient case-
mix, learning effects and patient compliance. There are many shoricomings to cost
estimations based on RCTs. Various factors have been discussed which are linked to
the Himited perspective of RCTs, the methodological features of economic evaluations
conducted together with RCTs, and the limited generalizability of the results of
RCTs. Many of the factors do not only exist in the context of an RCT but also in
other research designs. They are specific to the disease and the related intervention
studied; a factor which constitutes a major bias regarding one infervention may not
affect another. Moreover, not all factors are relevant at all stages of the diffusion of a
health care technology; for example, learning effects and indication expansion may
be relevant only at a later stage of diffusion. We have indicated which classes of
interventions are most prone to effects from these factors. Finally, options to account
tor the factors have been defined and a checklist for both researchers and decision
makers has been developed.

The issue raised in this paper - that RCTs do not necessarily generate reliable data
for decision making - does not imply that linking cost studies to RCTs should be
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discouraged. On the contrary, if conditions are satisfied to successfully extrapolate its
results to other decision contexts, economic evaluations based on RCTs fulfill an
important role in supporting allocation decisions in health care. By creating a ‘chec:kf
list, a first attempt is made in this paper to define these conditions. This checklist and
further explorations in this paper are intended to support decisions where the results
of RCT-based studies have to be transferred to amother decision context. Decision
makers should apply the checklist to the intervention which is being considered. This
should help them to gain a better insight into the relevance of the cost estimations for
their own seiting, although the overall effect of the various factors will remain
difficult to predict. Moreover, the checklist should also be considered by economic
evaluators when constructing and reporting RCTs.

Many of the factors discussed as to why costs in the real world may differ from those
as estimated alongside an RCT likewise hold for the effect data. Indeed, in medical
research, deviations of effectiveness from efficacy have been elaborated on
systematically.™"' Research, however, on how (o ‘translate’ efficacy data into
effectiveness data is limited. One explanation for this little research is that decisions
in the medical world are mostly taken at the individual patient level, where
population effectiveness is less relevant. The issue is, on the other hand, approached
in outcome research.” In cost-effectiveness research, the aim is to support allocation
decisions at the population level which implies an important role for research on how
to transpose costs and efficacy data from RCTs to more reliable real world cost-
effectiveness data for decision making.

This paper emphasizes the special need to consider real world issues in the
standardization discussion. High-quality studies should make it easy for decision
makers to transfer the study results to their own context or at least to test their
appropriateness for their decision context. A number of issues raised in this paper
have been recognized in the process of standardization. For example, Australian
guidelines on economic evaluation urge that protocol-associated resource use should
not be included in the analysis.” Ontario guidelines recommend that indications of
the generalizability of results to other subgroups should be reported.” Still, many
other important real world issues, such as the impact of non-compliance, are not vet
included in the guidelines. This analysis may be an aid to the further development of
guidelines for economic evaluation.

Various factors analysed in this paper that cause deviations belween costs as
estimated through the RCT and as occurring in the real world, like the age-structure
of patients treated, can be regarded as context-specific differences between RCTs and
the real world. Other factors should be considered as efficiency differences, e.g.
physician experience; at the lower end of the learning curve relative young physicians
may incur higher costs than their older counterparts. It depends on the Lype of
decision context whether these inefficiencies in health care provision should be
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considered when extrapolating results from RCTs: in an allocation decision context,
these inefficiencies should be included not to underestimate the total costs stemming
from the use of a medical intervention. However, in a reimbursement context, to
furnish incentives for an efficient provisions of medical interventions, these
inefficiencies should not be included when deciding at the fee levels.

For improved decision making. supplying decision makers with economic evaluations
thal lead to more accurate interpretation is only one step: the next step is to consider
further requirements. A decision maker who also has budget responsibility and who
allocates funds at the population level must also consider the total budget impact and
the total achievable health gains. This requires two types of analyses: first, an
analysis at the patient level, as described in this article, to increase the internal and
external validity of economic evaluations. Second, it requires an analysis at the
population level, i.e. the formulation of the epidemiologic aspects of the medical
intervention, to assess how many patients are, and will become, medically eligible.
Several factors which may play a role ar this second aspect have been documented”,
such as the distribution of patients over different stages of disease severity. However,
a good link between results from RCTs and the allocation of health care resources at
the population level has not yet been established. This paper is a first attempt o
provide the baseline information essential for the development of such a framework.
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CHAPTER 3

SUMMARY

This chaprer examines the conseguences of disvegarding a specific bias In policy
making based on economic evaluation: the impact of age. First, at the clinical level,
the relation berween age and the cost-effectiveness of medical interventions is
analysed. Second, ar the population level, a framework is presented which allows
researchers and decision makers fo assess the impact of these effects on the decision
making process. It is shown that the allocation of health care resources at the macro-
level is seriously impaired when age is ignored as a variable in cosi-effectiveness
analysis. Because clinical trials typically employ ‘young' populations, when the data
is extrapolated to the whole population the attractiveness of medical interventions in
terms of cost-effectiveness may be considerably overestimated. Furthermore, the cost-
effectiveness ratio may vary acress countries or over time as a result of demographic
or epidemiologic variation. Economic evaluators should describe the impact of age,
which should then be considered by decision makers to control Jor age effects.
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INTRODUCTION

In recent years, there has been much discussion on the effects of population aging on
the health care system. Many see the issue of population aging as the most significant
cause of the growth of health care expenditure." Other studies have found that
population aging should not be regarded simply as a major cost-driving factor but
rather as a threat to the financing of the health care system.” It is evident that the
consequences of the increasing share of the elderly in the total number of patients and
hence in the use of medical interventions warrant closer attention." Some authors
have suggested age-based rationing of high-technology utilization.” There is therefore
a need for adequate information on the impact of age on the cost-effectiveness of
medical interventions, as suggested recently.’

This article will show that age can have an important impact on the cost-effectiveness
of medical interventions, and will demonstrate that decision makers' expectations
concerning the effects of population aging will be seriously impaired if this relation is
ignored. First, a theoretical examination of the impact of age on the various elements
of cost-effectiveness ratios derived from clinical trials is provided. This is supported
with empirical evidence from economic evaluations which report age-specific cost-
effectiveness ratios and a detailed analysis of the impact of age on the components of
these cost-effectiveness ratios.

The section at the population level analyses the effects of these relationships on
decision making. It demonstrates that disregarding age as an important variable in
cost-effectiveness analysis may seriously bias allocation decisions regarding health
care resources. One reason is that the age structure in the clinical trial may be much
different from the age structure of the population in which the intervention will be
applied. Thus decision makers who wish (o extrapolate results from a clinical rrial to
their own situation should be very cautious. Another reason is that - because of
demographic and epidemiologic developments - the age structure of the targel
population may alter over time. In both cases, the cost-effectiveness at the population
level may be affected. Age should thus be considered as a variable to be controlled
for when making allocation decisions in health care. The final section of this article
discusses Lhe implications of these findings. The reference point of this paper is the
maximization of QALYs (quality adjusted life years) within a given budget.

THE IMPACT OF AGE ON COST-EFFECTIVENESS
Age may influence the effects as well as the costs involved in medical interventions,

as illustrated in Figure 1. Medical interventions range from short-term (acute)
treatments (o long-term, and sometimes life-long, therapies.
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FiGURE 1. The elements of the cost-effectiveness ratio which age may affect

It is necessary to consider the consequences of age over the whole period m which
the intervention produces effects and generates costs. Unless costs and effects are
concurrent, the chosen discount rate will also affect the impact of age on the cost-
effectiveness of medical interventions.

Effects

It has been suggested that, for many interventions, older patients tend to respond less
well to therapy than younger patients, with the difference of course depending on the
type of intervention.® Normal physiological aging is characterized by a gradual loss
of reserve capacity which may be caused by older persons' decline in cardiac and
renal function, muscle strength (including the respiratory muscles) and mental acuiry.
This decline in reserve capacity may slow down the rehabilitation of older patients.”"*
For example, it has been demonstrated that the probability of death or non-
ambulation at one year after hip fracture increases markedly with age above the age
ol 60. While 80% of patients who are less than 60 years old will survive and be able
to walk, only 6% of those older than 90 will have a similar outcome.” Not only may
older people respond less well to therapy, the risk of complications also increases. [t
hias been found, for example, that the risk of thrombosis increases with age." As
regards drug treatments, it has been noted that the elderly have a much more variable
physiological response and a much less predictability of drug action than younger
people, leading to an increased incidence of adverse drug reactions and therapeutic
fallure for the elderly." Relationships  beiween increasing age and risk of
gmmpliczntions have also been found for other medical interventions, such as lower
limb angioplasty for ischemic diseases', the treatment of hypertension' and the use
bioprosthetic heart valves. ™
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Besides the impact of age on the magnitude of effects per se, age may also have s
significant influence on the valuation of health states by patients. It has been found,
for example, that older patients assign a lower utility to dialysis and transplant
therapies, indicating that they experience a lower gain in quality-adjusted life years
{QALYs) from these interventions than their younger counterparts, other things being
equal.'” On the other hand, other studies have found that older patients assign higher
utilities to certain interventions or have found no differences in preferences
attributable to age.'®

Age may also affect the duration of the effects. In the case of life-extending
interventions, younger patients are more likely to have a favourable outcome than
older patienis because the young have a higher remaining life expectancy® than older
people. For example if patients of various ages are undergoing a life-saving
intervention, and the efficacy of the intervention is equivalent in both young and old,
the potential life-years gained because of the intervention for male patients aged 0
vears (newborns), 15, 45 and 65 years will be 73, 58, 30 and 14 vears respectively
(figures based on life expectancy in Germany in 1990)." It is evident that the benefils
of the intervention, measured In life-years saved, are much greater for the younger
patients than for the older patients. However, for interventions producing only
relatively short-lasting benefits, gains in life-years will be approximately the same for
both age groups, other things being equal.

Cosis

[t has been argued that costs are generally positively related to age; older patients
cost more to treat.”**" A complete understanding of the relationship between age and
the costs of medical interventions per time unit (e.g. per admission) would require a
comprehensive analysis of all such effects across medical interventions for all disease
categories. As an example, we use some evidence of the average hospitalization
duration for pneumonia treatment in the Netherlands. In 1994 the average length of
stay of all admissions was found to increase gradually with age; for patients in the
age groups 55-64 years, 65-74 years, 75-84 years and 85+ years old the average
length of stay was 14.6, 17.1, 19.2 and 19.9 days, respectively.”’ This indicates an
increasing resource consumption with age. The exact magnitude of this relationship
between age and costs, of course, depends on the type of intervention.

Furthermore, age may influence the length of the period in which recurring costs are
generated, with respect o a particular illness. Since younger patients have a higher
remaining life expectancy, they can be expected to generate higher costs for illnesses
whose treatment involves long-term recurring expenses - other things being equal.
This has, for example, been demonstrated for hypertension treatment.”
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Discounting ‘ F o e
Incorporating discounting in a cost-effectiveness study may very well affect

relationships which are found between age z}nd effeqs and" be[wezn atge Zgigzm:;fe
Regarding the relation between age and effects, dlsf-:()ummg tends ;olbr‘l-f‘ a‘érs
greater effect which is otherwise found for younger patients. Their gains ‘mi ife y;
;‘rcz diminished more by discounting because they occur in a more msu-ml mrmur? L 1an
the gains of the elderly. Welch™® presented an example of a life-saving mrervemu(-)n Jm
which the gains of saving the life of a 5-year old and a 40—y’earmold were regpe‘ctxjfe ly
70.6 and 37.2 years without discounting; a discount rate of only 5‘/’:’; made this
difference, however, almost negligible, respectively 19.5 and 16.8 years.

For costs, the impact of discounting depends on the length of the period during which
the costs are generated. In the case of costs which are incurred over me whole life-
span of a patient, the net present value of the costs of younger people W:M be Teducgd
more by discounting than will the costs of older patients. However, discounting will
have only a minor impact on the relationship between age and costs in the case of
interventions that only involve short-term costs.

The net impact of dismun[ing on the .relfmim‘xslnp between age and the cost-
effectiveness ratio depends on the intervention under scrutiny. However discounting
generally has a unfavourable impact on the cost-effectiveness of medical
interventions, because the effects typically occur in a more distant future than the
costs. This effect is more profound for younger patients than for older patients,
because the effects for the former will be gained in a more distant future, but this
does not apply to the costs to the same extent. Kawachi et al. » showed for the case
of treatment of hypertension that the use of a discount rate of 10% instead of 5%
implies a more than 50-fold increase of the cost-effectiveness ratio for the 40-year old
and a slight 1.6-fold increase for the 60-year old. Thus when a higher discount rate is
applied, the cost-effectiveness of medical interventions generally become Jess
favourable, with the magnitude of the reduction being larger for young than for old
patients,

Itis important to consider that the examples discussed above are illustrative only and
that the nature of the impact of age on costs and effects may vary across medijcal
ir.lyt:.crvumi(ms. As various age-effects may reinforce or counterbalance each other, the
adjustment that age will have on cost-effectiveness ratios is particularly uncertain.

REPORTING OF AGE EFFECTS IN ECONOMIC EVALUATIONS

A NI[%EI:)LJ:NE search” for the period 1991-1994 found 307 abstracts of articles on
mswl@cl‘i’ecmemss and cost-utility studies, of which 43 (14%) reported that age had
been considered I the analyses. Ag results of cost-effectiveness studies are not
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homogeneously reported - sometimes as costs per life saved, as costs per life-year
saved or as costs per infection averted - a full comparative analysis of age effects for
this type of economic evaluation is difficult. For this reason, the analysis of the
impact of age 1is restricted to cost-utility studies alone - which uniformly report cost
per QALY ratios. Of the 40 cost-utility studies found in the Medline search, the
abstracts of 8 reported that age had been considered in relation to the cost-utility ratio
under scrutiny. These studies reported on early surgery in the management of small
abdominal aortic aneurysms (A.A.A., a health problem caused by a widening or
rupture of an artery)”, screening and treatment of A.A.A.*, radiofrequency ablation
in the Wolff-Parkinson-White syndrome {(a health problem caused by a rhythm
disturbance of the heart)”, chemotherapy for node-negative breast cancer™, treatment
of mild-to-moderate hypertension’ and tuberculin screening.”” One article written in
Chinese and another which reporied overlapping age-cohorts have not been
considered further. To illustrate the importance of age effects, the size of the impact
for the six selected studies is presented in Figure 2.

For each intervention, a ratio index has been calculated to indicate the sensitivity of
the cost-utility ratio to patient age. The unweighted average of the upper and lower
age-related bounds of the cost-utility ratio has an index value of 100. For example,
early surgery in the management of A A A, has a cost-utility ratio of $17,406 for a
60-year old, and $140,972 for an 80-year old. This more than eight-fold increase is
represented. in the figure by a corresponding shift of the ratio index from 22 w 178,
The figure shows that, in the cost-utility studies selected, age has a large impact.
Taking the lowest value as the basis, the variations in the cost-utility ratios range
from 44% in the case of breast cancer screening to a 810% in the case of early
surgery in the management of A A A.

Identification of variation

The selected studies will be used to ascertain whether the mechanisms which were
theoretically identified above are indeed present and relevant, and to compare the
impact of age on the costs, effects and cost-effectiveness of these interventions.

In the case of chemotherapy for node-negative breast cancer, the benefits decline
steadily from age 60 to 80, not only because of the lower remaining life expectancy
of the older patients, but also because they suffer a higher mortality from other
causes and experience a higher decline in health status stemming from the toxic
effects of chemotherapy. The lower remaining life expectancy means that 80-year old
patients generate less follow-up costs and have fewer recurrences than the younger
age categories (the article does not explicitly report whether the costs of
chemotherapy are affected by age). However increasing age causes the effectiveness
of chemotherapy to decrease more rapidly than costs, which results in an increasingly
unfavourable cost-utility ratio with age. Discounting may diminish this result, but
does not eliminate it.”*
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Ficure 2. Age-related cost-effectiveness ratios

In the case of radiofrequency ablation in the Wolff-Parkinson-White syndrome, the
older patients have a lower gain in QALYs compared to the younger patients because
of a lower remaining life expectancy. Whether the magnitude of the effects is also
affected by age is not explicitly reported. The bulk of the costs of the intervention are
associated with the operations involved. As these operations cost more or less the
same for all ages and the costs are only incurred once, costs can be considered the
same for all age groups. Overall, the cost per utility gained increases with age,
although discounting may reduce this effect somewhat.*

For the treatment of hypertension, the elderly gain more in terms of magnitude of
effects than the young. However, because younger patients have a higher remaining
life expectancy, they gain more in terms of QALYs. The costs of the treatment per
time unit (e.g. per year) are not age-related but young patients generate more costs
than the elderly because costs are incurred over the whole remaining life-span of the
patients. Although the total effects gained for the young are higher than for the older
patients, their higher costs and the effects of discounting imply that, in present-value
terms, the cost-utility ratio of the treatment of hypertension becomes more favourable
with age in the range from 30 to 50 years. For higher ages, the effect of discounting
diminishes; the cost-utility ratio becomes less favourable with age due to the lower
net gain in remaining life expectancy at age 60 years compared with age 50 years.”
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With respect to screening and treatment of A A A, the effects of the intervention
decline with age as the operative mortality of elective repair rises and the life
expectancy falls. As the costs of the treatment are incurred only once and are
reported to be the same for all age-groups, age has no impact on the size of the total
costs. Consequently, the cost-utility ratio becomes less favourable with age, although
discounting may reduce this effect.™

Regarding early surgery in the management of A A A, increasing age has a negative
impact on the effects gained. Elective operative mortality rate increases with age and,
because remaining life-expectancy declines with age, the elderly benefit less than the
young in terms of the number of life-years gained. No age-related effects on the costs
of the operation are reported but it is reported that a significant proportion of the
patients will require long-term skilled nursing care. So, assuming that the nursing
needs of younger and older patients are the same, the former will, because of their
longer remaining life expectancy, generate higher average costs. Overall, the cost-
utility ratio becomes less favourable with age. Discounting reduces this effect to
some extent.”

It is not reported whether the magnitude of the effects of the treatment for tuberculin
depend on age, but the number of QALYs gained is greater for the younger patients
because they have a higher remaining life expectancy. Total lifetime costs do not
differ across age groups because the costs per treatment may be considered to be
equal across all age groups and the treatment costs are incurred for only a relatively
short time. At the programme level, however, there are age-related differences in
costs: screening all 20-year old costs much more than screening all 70-year old
because the former group is twice as numerous. Because of this phenomenon, the
cost-utility ratio is nearly the same for screening all cohorts between 35 and 70 years;
both the costs incurred and the QALYs gained decrease with age. The cost-utility
ratio for screening patients aged between 20 and 30 years is relatively unfavourable
because the large screening programme generates relatively high costs compared to
the benefits gained.” The results of the above discussion are summarized in Table 1.

We can conclude that the remaining life expectancy of the patients was a major factor
in determining the impact of age on the cost-utility ratio of the medical interventions.
On the effect side, young patients may experience a higher gain in effects than the
elderly in case of interventions producing long-lasting benefits. However, on the cost
side they may generate higher costs where life-time costs are involved. 1t was also
found that in most but not all cases, increasing age has a negative influence on the
magnitude of effects. None of these evaluations explicitly reported whether patients
valuations are subject to age effects. Furthermore, the level of costs incurred per
period was either found to be not affected by age, or was not explicitly reported.
Discounting the costs and effects was in all cases found to favour the elderly
compared to the young.
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The impact of increasing age on effects, costs, and cost-utility ratios as reported in the evaluation of six

TaBLE 1. »
medical interventions™”
effects’ cosis cost-utility ratio
intervention/elemant duration magnifude  duration level
+
chemoiherapy for breast cancer + + - M.A.
Y
radiofrequency ablation in WPW + N.A. 0 0
syndrome
; - +
treatment of hyperlension + - 0 it
screening and treatment of + + 0 0 +
AAA
early surgery of A LA + + - MN.A. +
ubsrculin screening + NA. 0 0 +-

a) This figure shows the direction of the impact of age on the various elements of the cost-un_lity raa_ms.n in cases
where the impact of greater age on the specific element causes the cost to utility ratio to rise, thgs is denoted
by '+ Where the impact of age on the specific element causes the cost-ufility ratio fo decﬁne,h this is denoted
by " Where age has no effect, this is denoted by ‘0", If the effect is nat explicitly reported, this is expressed by

‘WA, (Mot Available). - 4 ﬂ
b} in aff six interventions, the use of a higher discount rate wili diminish the change of the cost-ulifity ratio that is

induced by increasing age.
¢) None of the six studies reported the impact of age on the valuation of effects.

The empirical evidence confirms that age may affect the cost-effectiveness of medical
interventions in various ways and that this influence does not necessarily feature a
linear refationship. Decision makers should thus consider possible age effects when
using the results of economic evaluation studies, but should also be cautious when
making assumptions on the relation between age and the cost-effectiveness of medical
inerventions.

THE POPULATION LEVEL

While economic evaluations are usually conducted at the clinical level, allocation
decisions are typically taken at the population level. A budget holder who allocates
funds at the population level will not be primarily interested in patient-based cost-
effectiveness ratios but rather in the total costs, total effects and cost-effectiveness
ratios which are relevant for a given population. Several factors may cause these to
deviate from expectations based on patient-level cost-effectiveness ratios.?* The age
structure of the clinical trial is another factor. To illuminate possible biases in
de..ci‘simm making stemming from this factor, we will extend the analysis from the
. clvlmcal !@vel to the population level. The methodological framework is first presented
below, tollowed by a close analysis of two types of potential biases.
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Assessing the impact on decision making

To describe the full impact of the relationship between age and the cost-effectiveness
ratios of medical interventions on decision making at the population level, it is
necessary (o link demographic, epidemiologic and economic aspects. This can be
done by adapting a methodology that has been used to describe the future impact of
diseases on the health care system.” The approach distinguishes a demographic
module, an epidemiologic module and a utilization module which is In this case
replaced by the cost-effectiveness ratio.

The cost-effectiveness ratio from a clinical trial is represented in equation 1, in which
the indicator i denotes the various age-groups (e.g. 0-20, 21-50, 51-70 and 70+
years). Indicator n represents the number of people in the various age groups, with N
as the total number of people.

) 1 .
(1) CERyp = —]:J- E Mpgorer, i * CERyer

The ratio (CER,.,) which is traditionally reported is - explicitly or implicitly -
calculated as the weighted average of the number of patients belonging to various
age-groups enrolled in the trial (Npgpecr,) times the age-specific cost-effectiveness
ratio of these age-groups (CER,, ;). It is obvious that the resulting cost-effectiveness
ratio (CERy.;) is an average figure that disregards the underlying age-structure if
only reported as such.

When examining the biases for decision making which arise from the impact of age
on the cost-effectiveness of medical interventions, the most appropriate level for
analysis is the population level. Here, demographic, epidemiologic and economic
aspects must be linked. This approach is illustrated in equation 2.

i -
@) CERyop = — Y Mow, * EPL » CERy,

The product of the first two elements, the number of patients belonging o various
age-groups in the population (n,,,,) and the age-specific epidemiological features of
the population (EPL), gives the number of people medically eligible in the
population. The cost-effectiveness ratio at the population level is the weighted
average of the number of people medically eligible times the age-specific cosi-
effectiveness ratio as estimated at the clinical trial (CER,.., ). Applying this equation,
one can account for the impact of age in estimating the cost-effectiveness ratio at the
population level, but it requires economic evaluations which report age-specific cosi-
effectiveness ratios.

However, economic evaluations usually do not report age-specific ratios. In that case,
the cost-effectiveness ratio stemming from the clinical trial and used in the equation
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is independent of age (CER,.,) which implies that the cost-effectiveness ratio at the
population level cannot be corrected for the impact of age.

It is evident that, in accounting for the impact of age on Ll?e co‘stmeffe‘ct‘weme.s;s of cfﬂ‘
medical intervention, the key figure for the decision makejr is the age composition of
those actually medically eligible for the intervemia:m: This age composmgq may be
subject to various sources of variation: it may differ i’mm the age~cpmp0mmn qf the
patients enrolled in the clinical trial, and @t may alter becags& of demgrapluc or
epidemiologic variations, either across countries or over time. These issues are
discussed in more detail in the following sections.

Age-effects related to the representativeness of the age composition in clinical trials

Clinical trials tend to include cases which are most likely to produce detectable
effects, i.e. relatively young patients, and are rarely conducted on adults over 65
years of age™, although the interventions under study may very well be applied to
this age-category. It has been indicated above that age may very well affect the cost-
effectiveness of an intervention since older patients may respond less well to therapy,
their gain in potential life-years may be less, their valuation of health states may be
different and their costs of treatment may be higher. Consequently, the cost-
effectiveness ratio estimated in the clinical trial, for a patient case-mix consisting of a
specific age-group, may not be representative when extrapolated to other age-
groups.® This can be illusirated using the case of early surgery in the management of
A A A. for the example of Germany, the European country in which aging, and
consequently the impact of age on the cost-effectiveness of interventions, is most
significant, Table 2 shows the age-related variations in the cost-utility ratio, and
cost-utility ratios at the population level calculated according to the equations above.

If only the base-case analysis is taken into account, thus ignoring age-related
variations, the cost-utility ratio at the population level equals $17.406. Taking the
age-specific cost-utility ratios into account (equation 2), the cost-utility ratio at the
population level is $60,640. This demonstrates that ignoring age-related variations in
the cost-utility ratio may scriously bias decision making when resuits from economic
evaluations are extrapolated to the population as a whole.

The impact of demographic and epidemiologic variations

By definition, population aging will change the age-composition of a population and,
given u:amsrz;mx?l age‘«relmed incidence and prevalence of disease, will also change the
dge-composition of those medically eligible for an intervention. Even in a population
with a constant age-structure, changes in epidemiology such as increased smoking of
young women may change the number of patients with a certain disease, which wﬂl
also change the dge-structure in the long term. ’

A
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TaBLE 2. Early surgery in the management of A.A.A.. representativeness of the age-composition in clinical trials

eligible for treatment age-specific cost-utility ratio cost-utility ratio at the
(x1,000) {$p popuiation level (§)
type of analysis/age 60 70 80 60 70 §0 all ages
base case analysis 180 227 165 17406 - - 17,408

age-controlled analysis 18.0 227 16.5 17,406 36,589 140972 60,640

a) The number of patients eligible for treatment is assumed to be equal to the prevalence of disease {in
perceniages)” times the size of the male population in Germany”
b} Formen, 5% discount rate; 1992 US$*

These demographic and epidemiologic developments may lead to changes in the age-
composition of the patients medically eligible, so that the cost-effectiveness of
medical interventions at the population level may diverge both across countries and
over time. The potential divergence of the cost-effectiveness ratio at the population
level across countries is illustrated in Table 3, using the results from the study on
early surgery in the management of A.A.A. as an exarmmple. Equation 2, which allows
both the demographic and the epidemiologic module to change, has been applied®.

TaBLE 3. Early surgery in the management of A.A.A.. demographic variations across countries and the cost-

utility ratio
population estimate  eligible for cost-utility ratio® cost-utility at
1995 (x1,000) treatment 1995 the population
{x1,000) level
country/ 60 0 80 60 70 80 60 70 80 all ages

age

Japan 7871 447 227 314 298 204 17406 35589 140,972 55288
Germany  44%° 340 184 180 227 165 17406 36589 140972 60640
U.s. 1,058° 540 558 425 627 501 17406 36589 140972 65006

at The number of patients eligible for treatment is assumed to be equal fo the prevalence of disease (in
percentages)”” times the size of the male population in the respective countries.

| For men, 5% discount rate™

} Source: Japan Stafistical Yearbook 1993/1994*

)

)

(=

[=

Source: Council of Europe Press 19947
Source: Statistical Abstracts of the United States 1993%

o

It is shown that the numbers of patients eligible for treatment per age cohort and thus
the cost-per-QALY ratios at the population level clearly differ between Germany,
Japan and the United States. The United States, with a relatively large number of 80-
years old patients in the total number of patients medically eligible, has the highest
cost to utility ratio at the population level. It lies almost 20% above that of Japan.
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This indicates the need for caution regarding the age .campmwm n results from
economic evaluations when transferring study results to different countries.

Demographic and epidemiologic structures can vary not inyj across ‘icoumr:ues. b‘u:t
also over time. This involves a change in the number and dlsmbutmn of patients
across various age cohorts. For example there may be a ggneml aging (demogr‘aphm
change) or the incidence of diseases such as cancer in cer@m age groups may“e:hamg\e
due to changing smoking or dietary behaviour (epmdemmloglq change)n ‘The
implication is that the demographic and epidemiologic qup]es of equat“lcm 2 amﬂ
subject to change over time; this is accomplished by combining a projection of the
demographic module, a projection of the epidemiologic module and the constant,
current cost-effectiveness ratio {thus assuming constant medical technology).

Figure 3 shows the results, using data from the two economic evaluations of early
surgery in the management of A.A.A. and the treatment of mild-to-moderate
hyperiension’. The figure graphically presents the changes in the cost-utility ratios at
the population levels of the two medical interventions as the result of demographic
and epidemiologic change. The size and direction of these variations depend on the
age pattern of the cost-utility ratios’. Prior to the year 2013, early surgery in the
management of A.A.A. has a more favourable cost-utility ratio at the population
level than the ratio for the treatment of hypertension. Beyond the year 2013, the
treatment of hypertension involves a lower cost to utility ratio at the population level,
so that intervention will then be preferred. Thus, these demographic and
epidemiologic changes in cost-effectiveness ratios may have important consequences
where medical interventions are prioritized to ensure the optimal allocation of health
care resources. The rank order of interventions in the League Tables may alter, and
allocation decisions, at least at the margin, may change.

The time frame chosen (25 years) may seem too long to produce relevant results,
given the assumption of constant medical technology. It could be considered likely
that technological progress will produce better or cheaper medical interventions for
the disease being considered within that time-span. However, the example has shown
that even in the short-run - in which medical technology may be assumed constant -
considerable deviations in the cost-elfectiveness of medical interventions at the
population l?\fel can be expected. Moreover, the purpose of the above exercise was to
l"(zn‘m.m kl[l(?l'][}()ll on the importance of possible future variations in the age composition
of JE"W medically eligible population and the impact of such variations on decision
making, -

d
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FIGURE 3. The impact of demography on cost-effectiveness ratios

DISCUSSION

This study has shown the need to investigate and report the age relationship of cost-
effectiveness ratios. It has shown that age-specific ratios may be important
information when deciding on the allocation of health care resources. ITgnoring this
information when extrapolating data from a clinical trial to the population as a whole
may lead to a considerable underestimation of the costs involved, because of the
typically ‘young’ trial populations. Transferring cost-effectiveness ratios which are
not specified by age to other country contexts may also produce a substantial bias.
Moreover, it has been noted that because of demographic change and the relation
between age and cost-effectiveness ratios, the prioritizing of medical interventions
over time may alter. This indicates the importance of age-specific ratios for the
optimal allocation of health care resources over time.

Economic evaluators should provide information on age effects. If age is not found to
have a significant impact on the cost-effectiveness of a medical intervention, this
should be explicilly reported. In other cases, economic evaluators should provide the
information which decision makers need if they are to foresee and control potential
biases. First, age-specific costs, effects and cost-effectiveness ratios need to be
reported. Second, indications of the age-groups to which the medical intervention
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will be applied in real practice need to be included in the apalysis. Third, expecte
epidemiological developments of the disease concerned need to be described. Thi
information should be provided in a form suited to the needs of decision makers: tha
is, the cohorts which are expected to be most relevant to decision makers should be
analysed.

Where reports of economic evaluations do not include specific information on age
effects, decision makers should check whether the cost-effectiveness of the medical
intervention under scrutiny is sensitive to age. To this end, a number of suggestions
regarding the impact of age have been formulated. These can be applied to any
intervention, and should indeed be applied when making decisions about a particular
intervention. They enable decision makers to gain a better understanding of the
impact of age on the intervention, and how to control for this. First, decision makers
should note that those interventions which generate benefits over the whole life-span
of the patients involved are more subject to age effects than interventions which
generate only short-term benefits.

Second, decision makers should verify whether age has any impact on response to
therapy for the medical intervention they are considering; it is not evident, a priori,
which interventions are most prone to age effects. Third, it should be noted that the
valuation of effects may differ across age groups. The impact of this phenomenon,
and which interventions are most affected, is difficult to determine or anticipate but it
should be considered. Fourth, with regards to costs, decision makers should
recoghize that interventions which involve recurring costs over a long period are
affected more by age effects than interventions which generate costs only once.

Fifth, it should be realized that the relation between age and the costs generated per
period is apt to vary between interventions, although it is uncertain which
interventions are most sensitive to the impact of age. Sixth, it should be recognized
that the results of economic evaluations which employ relatively high discount rates
are relatively more prone to age effects than are results from economic evaluations
using lower discount rates. However, the various effects may counterbalance each
other; for example, the effectiveness of a medical infervention may be unfavourably
affected by increasing age, for example where its effects last the whole life-span of
the patients, but this might be outweighed by the favourable effect of lower costs
with ncreasing age.

The need to control for age effects should also be considered in the discussion on the
standardization of economic evaluation studies. High-quality studies should make it
easy for decision makers to control for age-effects or at least to identify them. Some
issues raised in this paper have indeed been recognized in the process of
standardization. For example, the Ontario Guidelines for Economic Amnalysis of
Pharmaceuticals Products recommended that indications on the generalizability of

4

L



THE IMPACT OF AGE

results to other subgroups should be reported.” Still, this is not in itself sufficient to
allow decision makers to control for age effects. The analysis in this paper may be an
aid to the further development of guidelines for economic evaluations.

Of course, age is not the only factor which should be controlled for when
extrapolating results from clinical trials. The cost-effectiveness of treatment may vary
well depending on which patients are treated, which physicians treat them and where
the treatment takes place. Consequently, decision makers who wish to extrapolate
clinical trial results to their own context should bear in mind that the patient group
which was studied, the treating physicians and the setting of the clinical trial may not
be representative, causing the cost-effectiveness to differ. For example, in one study
it was found that the cost-effectiveness of cholesterol-lowering treatments varies
considerably with the presence of risk factors. For men, the costs per year of life
saved (most-favourable ratios) without risk factors is US$58,000, but with multiple
risk factors only 1US$13,000.** To assess the relevance of economic evaluations for
their own decision context, decision makers should apply a check-list like that
developed by Baltussen et al.”

If the goal of allocation in health care is the maximisation of health effects within a
limited budget, the prioritizing of medical interventions takes place according to their
cost-effectiveness ratio. Strictly applied this means that the explicit differentiation (o
age, in the case that the cost-effectiveness ratio increases with age, will lead that for
the same interventions, younger individuals will be given priority over older
individuals. Implicitly age-effects also play a role when different medical
interventions focus on different age-groups. When maximizing health effects within a
given budget, the younger may be advantaged in the sense that their potential gains in
effects are larger. For example, when comparing the cost-effectiveness of heart-
transplantation with bone-marrow transplantation, it appears that the ratio of the latter
is only a quarter of the former. However, this is partly due fo the fact that the
recipients of bone-marrow transplantations are on average 30-year old, but that
recipients of heart transplantations are on average 50-year old." Again, to achieve
efficiency, it would have to be decided nol (o treat those with higher ages.

Thus, the explicit as well as the implicit allocation of resources by age raises
questions about the age-related consequences on equity when maximizing health
effects within a given budget.”*’ The latter, however, is but one rule of allocating
funds, which simultaneously implies the equity concept familiar under the term
‘QALY-cgalitarianism’. A society may choose, however, also for different allocation
rules, for example to allocate funds in proportion to the absolute health gains
possible, or to the losses induced by illness. Different allocation rules will have
different impacts for the various age-groups. In any case, the impact of age on the
results of economic evaluations, and its confounding influence on the interpretation of
these economic evaluations, clearly need to be analysed before one attempts (o
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evaluate the decision making process regarding age. This paper has laid a foundation

for the analysis of this problem. The issue of age-related cost-effectiveness can only

increase in importance as population aging becomes more apparent.

NOTES

a.

€.

Remaining life expectancy is defined as the life expectancy of a patient minus the age of
the patient.

The search selected articles containing the words ‘cost-effectiveness’, ‘cost-utility’ or
‘QALY’ in the title, excluding those for which no abstract was included in MEDLINE
and those articles which did mot refer to an explicit cost-effectiveness or cost-utility
Study.

. In this example, the epidemiologic factor is regarded as being identical across countries,

leaving only demographic variations across countries to be taken into consideration.
Denmographic data for 1995 has been applied.

. The cost-utility ratios at the population level are calculated by combining the cost-utility

ratios of the various age-groups and the number of people eligible in the respective age-
groups. The number of patients eligible for treatment in the various age-groups is again
calculated for the example of Germany. The number is assumed to be equal to the
prevalence of the disease (in percentage) adjusted for expected epidemiologic change for
the two medical interventions from 1995 to 2020™¢ times the size of the male
population in Germany from 1995 to 2020." The age-specific cost-utility ratios of early
surgery in the management of A.A.A. and the treatment of mild-to-moderate
hypertension are raken from the respective economic evaluations and are considered
constant over time.”>*' As this exercise is for illustrative purposes only, no price
adjustments regarding vear of study have been made.

In the case of carly surgery in the management of A A A, where the cost-utility ratio is
less favourable for older patients, population aging in the future will lead to a less
favourable cost-utility ratio at the population level. However in the year 2000 there is a
sudden improvement in the cost-utility ratio ar the population level, because the number
of 80-year olds - having a relatively unfavourable cost-utility ratio - in that year
decreases as compared to the number of patients of other ages. In the case of the
treatment of hypertension, where the cost-utility ratio is more favourable for older
paticuts, there is initially a smooth rise because of increasing numbers of 60-year olds -
who have a relatively high cost to utility ratio - compared to the number of patients of
other ages. Past the year 2005, population aging leads to more favourable cost-utility
ratios at the population level.
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CHAFPTER 4

SUMMARY

This chapter analyses the consequences of disregarding a potential confounder in
economic evaluation, stemmming from ignoring interactions with other diseases. This
potential bias is assessed in a study on influenza-related hospital admissions in the
context of the cost-effectiveness of influenza vaccination. Influenza infection is
associated with significant morbidity and mortality. Previous research has shown that
large number of deaths in the Netherlands can be attributed to influenza. The purpose
of this study is to examine the impact of influenza on hospitalisation in the
Netherlands. Two methods are applied to estimate this effect: a) regression analysis
and b) comparison of hospitalisation in epidemic years with non-epidemic vears.
Hospital discharge rates in the period 1984-1993 are considered. The study shows
that, during the period studied, on average, almost 2,700 people were hospitalized
Jor influenza per annum and that influenza was diagnosed as the main cause for
hospitalisation in only a fraction of these hospitalisations (326: 12%). From an
economic perspective, these results imply that the cost-effectiveness of vaccination
against influenza may be severely underestimated when looking only at the changes
achieved in the number of hospitalisations attributed to influenza.



INTERACTIONS WITH OTHER DISEASES

INTRODUCTION

Morbidity and mortality associated with influenza have long been recognized.'™ The
total impact of influenza encompasses not only primary (direct) morbidity and
mortality but also excess (indirect) morbidity and mortality. In 1848 Farr introduced
the concept of excess mortality, defining it as the number of deaths over and above
the expected number for the particular season in which, and the place where, an
epidemic occurred.’

Internationally, two methodological approaches have been applied to estimate excess
morbidity and excess mortality associated with influenza. The most common, the
comparative approach, compares morbidity in epidemic years with that in non-
epidemic years, and defines excess morbidity as the difference between those.”***
For examiple, in the state of Oregon, U.S., for some diseases, up to 50% more
hospitalisations were found in epidemic years compared with non-epidemic years.”

Other studies have sought to explain influenza-related mortality or morbidity by
regression analyses. In 1963, Serfling derived a regression function to describe
normal seasonal variations in mortality as well as time trends over the longer term.’
This function and its several subsequent modifications have provided the basis for
estimating excess mortality since used by, among others, the WHO.* For the U.K.,
Clifford et al” estimated excess morbidity using regression analysis and found that the
196%/1970 ocutbreak was associated with 1.5 million excess claims for sickness.
Comparable research on excess mortality in the Netherlands found that in the period
1967-1989, on average, more than 2,000 people died from influenza in the
Netherlands annually. However, influenza was recognized as the primary cause of
death in only a fraction (565: 27%) of these deaths.'™"

The mutual application of the two approaches has not been performed before in a
single study, although it allows insiglt into the adequacy of the respective approaches
to estimate excess morbidity or excess mortality. Moreover, it provides a solid basis
for interpreting the results. In this paper, both approaches are applied to estimate
excess hospitalisation in the Netherlands. The hypothesis is that some hospitalisations
which are attributed on hospital discharge certificates to diseases like pneumonia or
chronic heart disease, are in fact caused by influenza. In both approaches, excess
hospitalisation is estimated by determining the influenza-related share of monthly
hospitalisations for some specific diseases.

In the regression analyses, models are developed to estimate hospitalisation for these
diseases in accordance with hospitalisation observed in the period 1984-1994. The
models consist of variables that describe long-term trénds, monthly patterns and
influenza activity. Based on the impact of the latter, the number of hospitalisations
linked to influenza, but attributed to other diseases, can be estimated. In the
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comparative approach, excess hospitalisation is estimated by comparing annual
hospitalisations for the diseases in the period 1984-1994 with those during a year of
fow influenza activity, 1986-1987. Observed differences are considered as excess
hospitalisation.

From an economic perspective, excess hospitalisation may have a large impact on the
cost-effectiveness of vaccination against influenza. If only the changes in
hospitalisations atiributed to influenza are considered, the economic attractiveness of
vaccination may be seriously underestimated. The resulis of the present study apply
to the economic evaluation of influenza vaccination reported elsewhere.”

METHODS

The question of which share of the total number of hospitalisations in the Netherlands
can be attributed to influenza is central to the analyses. In other studies, a number of
diseases have been identified as important contributors to influenza-related excess
morbidity and excess mortality.”*”"" These include pneumonia (ICD-9 codes 480-
486), cerebral-vascular accident (CVA, ICD-9 codes 430-438), chronic heart disease
(CHD, 1CD-9 codes 410-414), and diabetes mellitus (DM, ICD-9 code 250). The
monthly nomber of hospital discharges for all these diseases, as well as for influenza
(ICD-9 code 487), have been obtained for the period from January 1984 through
December 1994. The data was collected and provided by the National Hospital
Administration (SIG) which includes 99% of all hospital discharges in the
Netherlands between 1984 and 1994,

Data concerning hospital discharges have been selected as these more accurately
retlect patients’ diseases than do hospital admission diagnoses. However, the
admission dates of all hospital discharges related to the diseases mentioned are
required o consider adequately the relation between influenza activity and
hospitalisation. These are determined by considering the respective hospital discharge
dates and the respective lengths of hospital stay. For a detailed analysis, and to allow
comparisons with research on excess mortality in the Netherlands"'', these
hospitalisation data are obtained age-specifically. Four age groups are distinguished:
0-59 years, 60-69 years, 70-79 years, and 80 years and older. In the analyses,
influenza years are defmed from July through June of the following year as this
reflects the natural course of influenza epidemics.

For illustrative purposes, Figure 1 shows influenza activity defined as the monthly
number of hospital discharges for influenza (all diagnoses, all ages, as allocated to
the month of hospital admission) between 1984 and 1994. On average, annually 326
persons were hospitalised with influenza diagnosed as the primary cause for
hospitalisation.
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FIGURE 1. Hospitalisation for influenza (all diagnoses)

[Note: For some age-groups and diseases, December 1988 and December 1992
values are not available due to data collection problems: in those cases values are
determined by interpolation. Furthermore, the presence of specialist sirikes in the
influenza yvear 1987 - 1988 has most likely influenced hospitalisation data. For this
reason, this year is not considered in the definition of reference year in the regression
analyses and the comparative analyses.]

Regression analysis

Regresgion analysis applies the technique of modeling to determine the part ol the
total number of hospitalisations for specific diseases that can be explained by
influenza. A number of models, specific to the diseases under scrutiny and to the age
groups, are constructed. Every model is based on data from January 1984 through
December 1994, In every model, the monthly number of observed hospitalisations is
explained by regressor variables that describe long-term trends (year variable),
monthly patterns {month variable) and influenza activity {influenza indicator). Models
account for long-term trends and monthly patterns to control for factors that are
causally and temporally related to hospitalisation for the diseases under study but that
are not linked to influenza. For example, any structural impact of temperature
changes on hospitalisations is accounted for by including the month variable. Specific
background information on these variables and the model in general are given in the
Appendix.

A model assigns values to the parameters included; the value vy that is addressed 1o
the variable that represents monthly influenza activity is of particular interest. This
value, which is specific to disease and age group, refers to the impact of influenza on
the estimated hospitalisations during the period under swdy, 1984-1994. This impact
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in terms of hospitalisations is further estimated by a two-step approach. First, the
effect of influenza is eliminated by setting the influenza activity in the model at zero,
while keeping the effects of year and month the same. The model predicis in that
event the number of hospitalisations if no influenza had taken place. Next, the
difference between predicted hospitalisation in the situation of observed influenza
activity and predicted hospitalisation in the absence of influenza activity is
considered. This difference is defined as the excess hospitalisation associated with
influenza (specific to disease and age group).

Various alternative models are defined. A number of alternative influenza indicators,
that ideally should be sensitive and specific to influenza outbreaks, have been
applied. These are: hospitalisation for influenza, primary diagnoses; hospitalisation
for influenza, all diagnoses; hospital mortality due to influenza, primary diagnoses;
hospital mortality due to influenza, all diagnoses. Furthermore, it is recognised in the
model that hospitalisations for the diseases under scrutiny may react with a delay of
one or two months following an outbreak of influenza, With this in mind, in addition
to analyses ignoring the issue of time-lags, alternative analyses have been carried out
including time-lags of one month and two months.

Variables are considered significant in the model when they are at least at the 5%
level. The selection of alternative models (e.g. with or without time lag) is based on
their explanatory power. This is indicated by R’, which refers to the proportion of
variance in the dependent variable accounted for by the model (for more details,
please see the Appendix).

Comparative analysis

In comparative analysis, hospitalisation for a number of diseases in periods with high
influenza activity is compared with thal in (reference) periods with fow influenza
activity. The hypothesis is that any detected differences in hospitalisations can be
altributed to influenza. To exclude differences in hospitalisations outside influenza
outbreaks, the periods usually comprise 3-4 months enveloping influenza activity in a
given year.”®

I the present analysis, influenza activity is defined as hospitalisation for influenza,
all diagnoses. As a reference period, we selected three adjoining months that involve
the lowest influenza activity between the months of November and April in the years
1984-1994. This period, which simulates the near absence of influenza, is the period
December 1986 through February 1987. Also, for each influenza year befween 1984
and 1994, periods of three adjoining months are defined so that each period
encompasses the highest influenza activity. Next, hospitalisations for the diseases
under scrutiny in these periods are compared with those in the reference period. The
difference between these hospitalisations indicates the excess hospitalisation attributed

66



INTERACTIONS WITH OTHER DISEASES

to influenza in a given year. In the analyses, comparisons are specific to disease and
age group.

This analysis focuses on differences in hospitalisation for a number of diseases
between vears, and aftributes these differences to influenza activity. However, any
differences caused by other factors (e.g. the annual increase in hospitalisations for
CHD because of changes in lifestyle) may bias the estimates. Therefore, preliminary
to the principal calculations, the figures regarding hospital discharges were corrected
by regression analysis for trends over the years.

RESULTS

Regression analyses

The variables describing long-term trends and monthly patterns were significant at a
5% level in all models. The results are less clear with respect to the variable that
describes influenza activity. Nonregarding its exact definition, this variable was
significant only in the models on pneumonia (all age groups). The explanatory power
of those models, as indicated by R*, was best when the number of hospital discharges
for influenza, all diagnoses, was selected as the influenza indicator. The inclusion of
time-lags did not enhance the explanatory power of the models. The value of the
influenza-indicator v in the selected models on pneumonia ranged from 0.0018
{standard error: 0.0008) to 0.0161 (standard error: 0.0032) for individuals in the age
groups of respectively 0-59 years and 80 years and older.

Table {, first column, presents the average annual number of excess hospitalisations
per 100,000 persons that can be attributed to influenza, derived from the regression
analyses. This is estimated as the total number of excess hospitalisations divided by
the number of vears considered. As noted, significant excess hospitalisation is only
pertinent for the case of pneumonia (in absolute terms 2,358 hospitalisations within a
population of about 15 million people). Although there were some excess
hospitalisations for CVA, CHD and DM, these are not significant. Therefore, excess
hospitalisation is not indicated for those diseases.

Based on these observations, further analysis is limited to pneumonia cases. Figure 2
shows that the predicied hospitalisation for pneumonia matches the observed
hospitalisation fairly well. This implies that the model explains a large part of the
variation in the monthly hospital discharge rates (which is also indicated by a high
value of R*: 0.88). The figure also shows that, in general, the patternt of the predicted
hospitalisation for pneumonia resembles that of influenza activity (as shown in Figure
1}.
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TABLE 1. Yearly excess hospitalisation per 100,000 by disease and age’

Regression analysis Comparative
esfimate 95% confidence interval analysis®

Pneumaonia

0-59 years 3 0.3,5.1) 1

60-69 years 7y (215,329 7

70-79 years 818 (68.5,92.7} 1

80 years and older 2202 (148.7, 272.4) 3
Cerebral-vascular accident

0-59 years -840.6 (-2222.3, 270.6) 471

60-69 years -205.4 {-1109.9, 310.0} -106

70-79 years -204.9 {-1163.6, 832.3) 5

80 years and older 2470 {-1802.0, 4802.4) -132
Chronic heart disease

0-55 years 5322 (-1050.4, 258.2) -50

60-69 years -303.2 {-833.7, 31.8) 6

70-79 years 237.0 (-314.4, 509.8) 7

80 years and alder 971.0 {-913.2, 2106.6} 1
Diabetes mellitus

0-59 years -14.4 {(-207.8,171.2 g

60-69 years 42.9 (-235.1, 305.1) 167

70-79 years 74.2 (-311.9, 433.3) 126

B0 years and older 160.2 (-1622.1, 3896.7) 116

* significant at 5% significance level

aj denominator refers to the number of persons in the subgroup. For pneumania, the denominator equals the total
Dutch population.™ For CVA, CHD, and DM, the denominator equals the number of patients with the respective
disease '

by Since the reference case encompasses only one year, confidence intervals are not estimated.

BExcess hospitalisation is visualized in Figure 3 as the difference between predicted
values including the impact of influenza, respectively assuming the absence of
influenza. The figure shows that the pattern of excess hospitalisation is very similar
to that of influenza activity (as shown in Figure 1), except for the year 1985/1986. In
this year, influenza activity reached its highest value in February, but the predicted
hospitalisations for pneumonia shows no such large peak. This can be explained by
the absence of peak values of influenza activity in February in other years which
causes the model to assign a relatively low value to this month variable.
Consequently, this has a decreasing effect on predicted hospitalisations in these
February months.
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FIGURE 3. (Excess) Hospitalisation for pneumonia, all age groups

The presence of some excess hospitalisation during summer seasons can be explained
1.

Comparative analysis

As noted, regression analysis was carried out preliminary to the comparative analysis

to correct for trends in the yearly number of hospitalisations that may bias the
estimates. These analyses have been carried out on hospitalisation data for all
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diseases and all age groups. Significant yearly trends regarding hospital discharges
for all diseases and all age groups, except for CVA, were identified. These trends
were corrected for with the most recent year, 1993/1994, as base year. The results of
the comparative analyses are presented in the second column in Table 1. The table
shows large numbers of excess hospitalisations for all age groups regarding
pneumonia, and for most age groups regarding CHD and DM. For CVA, smaller
and, for two out of four age groups, negative numbers of excess hospitalisations are
found.

Excess hospitalisation by risk groups and age

Policy making regarding influenza vaccination is predominantly based on the
classification of individuals according to age and risk status. A typical age distinction
is between those below 65 years of age and those 65 years or older. Individuals are
labelled as high-risk when they have one of the diseases that predispose for influenza
or that aggravate the course of disease once infected. High-risk individuals are
defined by the Health Council of the Netherlands as individuals having one or more
chronic illnesses such as IHD, CVA, DM, other heari diseases {(ICD-9 codes 415-
417y or bronchitis, emphysema and asthma (ICD-9 codes 490-493)." The allocation
of the numbers of excess hospitalisations to these subgroups of individuals is relevant
in context of the feasibility of influenza vaccination. The economic attractiveness of
vaccination may very well depend on the extent to which it can prevent (excess)
hospitalisations.

For these reasons, the results of the present analysis are also classified according to
these distinctions. The classifications are based on results from the regression
analysis which, for reasons explained in the discussion section, is preferred to the
comparative analysis. Only significant excess hospitalisation is included. This fmplies
that from the high-risk conditions mentioned above, no excess hospitalisation
estimated is allocated to high-risk groups. A large part of the excess hospitalisation
that is aitributed to pneumonia should, however, be allocated to high-risk groups.
From research in the US, it can be derived that, for individuals 65 years and older,
77% of all excess hospitalisation for pneumonia occurs in high-risk patient-groups.
Below the age of 65 years, 93% of all excess hospitalisations for pneumonia occurs
in high-risk patients.” In the present analysis, these figures have been applied to
allocate the excess hospitalisation for pneumonia to high-risk and low-risk groups.

Table 2 presents the various hospitalisation rates per 100,000 individuals, as assigned
to risk and age groups., The third column shows that the excess hospitalisation for
pneumonia - attributed to low-risk and high-risk groups - increases with age and is
more important for high-risk compared to low-risk groups.
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TABLE 2. Yearly excess hospilalisation per 100,000 by risk group and age
direct hospitalisation™ {1}  excess hospitalisation® (2)  total hospitalisation

(3)=(1#(2)

low-risk
0-64 years 0 ] 0
65 years and older 2 38 40
high risk
0-64 years 28 72 100
55 years and clder 10 175 185

a) defined as the number of hospital discharges with influenza as the primary diagnosis.
by allocation to high- and low-risk groups is based on U.S. research (2). For the age group 60-69 years, the
average of the relevant figures regarding individuals younger than 65 years and those of 65 years and older is

taken.
¢} includes only significant numbers of excess hospitalisation.

DISCUSSION

The present study indicates that, on average, almost 2,700 people were hospitalized
for influenza annually and that influenza was diagnosed as the main cause for
hospitalisation in only a fraction of these hospitalisations (326: 12%). This means
that a large proportion (88%) of all influenza-related hospitalisations were not
recognized as such. Excess hospitalisation seems to be more relevant for the elderly
than for the young and more pertinent in the high-risk population than in the low-risk
population. All excess hospitalisations identified were hospitalisations diagnosed as
pneurnonias.

The fact that a number of diseases are not included in the present analysis has most
likely caused an underestimation of the magnitude of excess hospitalisation. These
diseases have been shown to account for about one-third of all influenza-associated
deaths in the Netherlands.'™"" The impact of these diseases on excess hospitalisation
is unknown and will be topic of further research. Furthermore, during the period
studied, only a few moderate outbreaks of influenza have occurred in contrast to the
large number of more intense epidemics prior to this period (especially from 1971-
1978). The relative absence of large clusters of influenza activity in the present study
makes detection of influenza-related hospitalisation more difficult.

In this swdy, two approaches have been addressed to estimate the magnitude of
excess hospitalisation. For pneumonia, both the regression analysis and the
comparative analysis yield (significant) excess hospitalisation. For the other diseases,
the results are less clear. Nevertheless, the vast majority of all results stemuming from
the comparative analyses lie within the (in some cases very broad) 95% confidence
interval as indicated by the regression analyses (although figures do not correspond
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for the voungest age groups). As we see it, regression analysis is preferable o
comparative analysis for estimating excess hospitalisation. In the regression
approach, influenza activity is set to a level indicating the absence of influenza
(keeping the effects of year and month the same).

In contrast, in the comparative approach, the reference year is not likely to be
entirely free of influenza activity, this may decrease observed hospitalisation
differences across diseases between this reference year and years with influenza
activity. This may explain the relatively small numbers of excess hospitalisation
found in the comparative approach compared with those found in the regression
approach. This also implies that, in the comparative approach, results are likely to be
dependent on the choice of reference year(s) and they should be interpreted with
caution. This is especially the case if comparisons are limited to only a few years. In
this context, we decided not to report the results of an alternative comparison of two
epidemic years with one reference year (compare °) due to the large sensitivity of the
results in relation to the definition of the respective periods. Furthermore, while the
main advantage of the comparative analysis seems its simplicity, regression analysis,
as applied prior to the principal analysis, is still required to control for confounding
trends over years,

Some issues should be considered critically when interpreting the results from
regression analysis. It should be noted that excess mortality and excess morbidity are
statistical concepts and cannot prove a causal relationship between influerza and non-
registered influenza hospitalisations. Ideally the analysis should be carried out by
distinguishing the different strains (H3N2, HIN1, B) that are mainly responsible for
the different epidemics. This, however, is not feasible due to the lack of quantitative
information on the causative subtype of influenza. However, the strong statistical
correlation observed in the regression analysis suggests that the relation between
influenza activity and non-registered hospitalisations is more than just a matter of
coincidence.

A number of plausible biological relationships further support this relation. Diabetes
mellitus patients are assumed to have an impaired immune response to the influenza
virus' and are especially endangered by ‘Staphylococcus aureus’ skin infection
during influenza epidemics; this has previously been demonstrated to be a major risk
factor in the development of secondary staphylococcal pneumonia.” Furthermore, it
has been suggested that certain influenza strains increase platelets' stickiness, thus
making the formation of platelet aggregates more likely and resulting in the
possibility of precipitating ischemic heart disease.”?' Influenza has also been
recognized as the most important viral infection of the respiratory tract, partly
because of complications which have been shown to include exacerbations of pre-
existing diseases as asthma.”?
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The presence of external factors may bias the results stemming from regression
analyses. For example, monthly hospitalisation rates may be influenced by external
factors that limit the identification of excess hospitalisation. For example, regarding
hospitalisation for CHD, we found structural decreases in hospital discharges in the
months of December followed by increases in discharges in the months of January,
possibly caused by the low number of working days in December or the reluctance of
potential patients to be admitted to hospital during the December holidays. If
structural, these differences across months are accounted for in the regression
analysis by including a month variable. However, temporal events that are not caused
by influenza but that do affect hospitalisation may certainly bias the estimates.
Ignoring such events may cause an incorrect estimation of the role of influenza in
hospitalisations. For example, some excess hospitalisation attributed to influenza may
instead be caused by the respiratory syncytial (RS) virus. This virus, which also
shows high activity during winter seasons, also causes respiratory infections like
pneumonia. However, as the virus is mainly predominant in children, its confounding
impact on this analysis will be limited.

Another important issue in regression analysis is the choice of hospital discharges, all
diagnoses, as the indicator for influenza activity. Although this resulted in the best
fit, it should be noted that it suggests the presence of influenza activity during
summer months - which may partly be caused by over-diagnosing. This may result in
an over-estimation of excess hospitalisations identified during these months.

In our analyses, as in other studies”'', it is assumed that the effect of influenza
activity on hospitalisation for a certain disease, as represented by vy, is constant over
different time periods. From a theoretical point of view, the value of y should be
period-specific to include changes in the prevailing types of influenza viruses.
However, as noted, this is not feasible due fo the lack of guantitative information on
the causative sublype of influenza. Moreover, differentiating periods would
considerably diminish the number of observations to be used in each analysis and
hence its power (o produce significant results.

The results are in accordance with those found in other research. In studies on excess
hospitalisation in other countries as well, the vast majority of all identified excess
hospitalisations were found to be cases registered as hospitalisations for pneumonias.
In the state of Oregon, U.S., eight yvears (up to 4 months) with influenza activity
were compared to one reference year comprising a (near) absence of influenza.
Regarding the high-risk population, more hospitalisations were found for pneumonia
and influenza (up to 50%) for all epidemic years considered.” Another study in the
state of Oregon found that hospitalisation for pneumonia and influenza in two
epidemic years exceeded that in a (non-epidemic) reference year by 140-150%.
Excess hospitalisation for acute cardiac failure and acute respiratory diseases other
than pneumonia could not be proven.” In the Netherlands, hospitalisations of diabetes
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mellitus patients because of pneumonia in epidemic years were found to exceed those
in non-epidemic years by 45%-300%."

Research on excess mortality in the Netherlands found that the identified excess
deaths were deaths registered as due to various disease categories like CHD (34 %),
COPD (17%) and other diseases (22%).”""" This indicates that the nature of hospital
discharges data is different from that of mortality data. During periods of influenza
activity, influenza-related hospitalisations seem to be classified relatively often as
pneumonias, while influenza-related deaths may more often be certified as due to a
wider range of diseases.

Acknowledgement: We would like to thank N.J.D. Nagelkerke and C. de Lezenne
Coulander for their statistical support for this study.

Appendix

The analyses have been carried out by using the procedure GENMOD of the statistical
package SAS 6.03.** The GENMOD procedure fits generalized linear models.™ The class of
generalized linear models is an extension of traditional linear models which allows the mean
of a population to depend on a linear predictor through a nonlinear link function and allows
the response probability distribution to be any member of an exponential family of
distributions. In this study a log-linear link function is preferred to a traditional linear model
because of the naiure of hospital discharge data. While predictors in a traditional linear
model can take on any value, a log-linear function does not allow the predicted hospital
discharge values io take on negative values. Furthermore, in this analysis, as hospital
discharge data is of discrete nature, a Poisson distribution is assumed.

This implies that the number of observed monthly discharge data is assumed to be Poisson
distributed random variable with mean and variance equal to a parameter A specified as
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= 1,..12 (July - June)

1 for the k-th year considered

0 elsewhere
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F. influenza-activity indicator in month i

R
i

i

fi

The coefficients o, B, and vy have to be estimated. The coefficient y represents the effects
of influenza activity on hospitalisation for a certain disease. The quantity 1 - exp (-yF)
represents the excess hospitalisation in month i as a proportion of A,. The presence of excess
hospitalisation is tested for by applying a two-tailed student t-test at a 5% significance level.
The null-hypothesis is defined as Hy: (1 - exp (-yF)} &, = 0.

The decrease in deviance indicates the capacity of the model to explain the variation of the
monthly hospital discharge rates. The figure R, which indicates the ‘goodness of fit’” of the
model is estimated as:

R® = I- exp [ {deviance (fitted model) - deviance (unfitted model)}/n]

It is assumed that the monthly observed hospital discharges are mutually independent, given
the explanatory variables year, month and influenza activity. To control for over-dispersion,
the scale parameter was defined as the deviance divided by the number of degrees of
freedom.
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CHAPTER S

SUMMARY

This chapter reports on a study on the economic impact of the imtroduction of
transurethral microwave therapy (TUMT) in the treatment of bemign prostate
hyperplasia (BPH). In the study, an modeling approach is developed to enhance the
informative value of RCT-based economic analyses fo policy makers. The approach
combines results from an RCT-based economic analysis on TUMT with observational
data to ger a more realistic real world view of the economics aspects following the
introdiction of TUMT. Furthermore, analyses at the system level are performed io
assess Its budget impact. Several scenario’s are constructed, including a baseline
scenario, demand scenarios reflecting the number of men that will be treated by
TUMT following its introduction, and supply scenarios reflecting the number of
hospitals thar will provide TUMT following its introduction. The analysis leads to
important conclusions on the overall impact of TUMT. It reveales that the
organisation of providing TUMT hardly affects costs at the system level, and also
makes clear that the most important determinant of the total costs of BPH-treatment
is an increased demand for BPH-treatment following the introduction of TUMT. The
study shows that modeling technigues, when applied in addition to RCT-based
economic evaluation, can be a useful 100l to enhance the real world relevance of
results from RCT-based economic analyses. Furthermore, additional modeling proves
1o be effective in transferring results from the individual level to the aggregate level.
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INTRODUCTION

In economic evaluation, randomised clinical trials (RCTs) are often regarded as the
optimal vehicle for estimating costs related to the introduction of a medical
intervention. However, this belief is beginning to be countered by criticism regarding
the himited real world relevance of their results. Moreover, traditional RCT-based
economic evaluations are criticised because they do not report on the impact of
adopting a medical intervention on the aggregate level.’

This stady combines results from an RCT with observational data o get a more
realistic view of the economic impact of the introduction of a new minimally invasive
therapy in the treatment of benign prostate hyperplasia (BPH): wransurethral
microwave therapy (TUMT). The concept of TUMT is to create high temperatures
deep inside the prostatic lobes while preserving the urethral surface from the worst
effects of heat, by using conductive cooling from water circulating within the
applicator.” In patients with relatively moderate symptoms and mild obstruction, a
significant improvement may follow from the use of low-energy thermotherapy. The
WHO mention in their recommendations that in such patients, TUMT offers a
suitable alternative {o transurethral resectioning of the prostate (TURP) because of its
minimally invasive character.” High-energy TUMT is likely to be more effective for
severely obstructed patients, although its precise value has not yet been determined.

Recently, an RCT is performed comparing the cost-effectiveness of high-energy
TUMT with that of the most common surgical treatment for BPH, TURP. The two-
year follow-up results show that high-energy TUMT results in durable outcome in
93% of patients, with an objective improvement of 42% and subjective improvement
of 65%." Furthermore, the use of TUMT generates large cost-savings: a TUMT is
typically performed on an outpatient basis whereas treatment with TURP typically
encompasses a hospital stay of about 7 days.**

However, the results of this RCT-based economic analysis may not be entirely
adequate for policy making. Costs measured in the RCT may not reflect the costs that
can be expected when TUMT is adopted in daily practice. In addition, it is uncertain
which and how many patients will be eligible for TUMT in the future, and which
treatments will be replaced by TUMT. Another important issue is that many men n
the community who are symptomatic and who currently reject surgical reatment
might consider treatment with TUMT because it is relatively non-invasive. This may
lead to considerable increases in the number of BPH-treatments and related costs.
Therefore, scenario analysis is conducted to explore possible diffusion paths related
to the introduction of TUMT, and associated health care costs.
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METHODS

In order to assess cost changes resulting from the mntroduction of TUMT, costs of
current BPH treatments are compared with those in the hypothetical introduction of
TUMT. Costs of current BPH treatments are estimated based on the diagnostic
process, hospital stay (if any), and follow-up related to the various treatments.
Estimating total costs related to the hypothetical situation of adopting TUMT requires
a two-step approach. First, the real world relevance of the RCT results must be
carefully examined. Second, the epidemiology of BPH must be assessed to arrive at
an indication of the numbers of patients who will be treated with TUMT. Various
scenarios are constructed to explore possible paths to the demand for TUMT and to
the provision of TUMT.

The analysis does not distinguish between high-energy TUMT and low-energy
TUMT. Furthermore, the analyses focus only on the most important determinants of
costs in the treatment of BPH: TURP, open prostatectomy, medication («-blockers
and Finasteride), and ‘no active intervention’. Other therapies, such as laser, are not
cansidered due to their infrequent use.

Costs of current treatments

Estimates concerning the number and type of BPH treaiments performed in the
Netherlands in 1996 are based on National Hospital Administration figures.® This
database covers more than 99% of all hospital discharges in the Netherlands. All
hospitalisations with BPH as a primary diagnosis are included (ICD-9 code 600), as
well as those with BPH as secondary diagnosis and for whom a surgical treatment
related to BPH is performed. The data show that in 1996 almost 13,000 patients were
hospitalised for BPH or received a surgical treatment for BPH. Figures for 1998, as
adjusted for demographic trends, are shown in Table 1.

In combination with these hospitalisation figures, data from an observational study
have been applied to estimate the number of non-surgical BPH treatments in the
Netherlands. This observational study of BPH patients includes 670 patients newly

referred 1o a urologist in a sample of 13 hospitals.” Additional analyses show the age-
specitic distribution of BPH-patients among surgical and other treatments.® OFf all
BPH patients who have been newly referred to a urologist, 35% receive surgical
procedures (TURP, open prostectomies, or, in a few cases, other proecedures such as
urethrotomy). About 23% of all BPH patients are treated with medication. About
36% of all BPH patients who have been newly referred to a urologist do not undergo
active intervention. These are patients who are kept on a watchful waiting regimen or
who require no urological follow-up. Approximately 5% receive a therapy other than
those mentioned above.® Table 1 shows the corresponding figures.
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TagLE 1. Annual BPH-treatments and related costs, 1998 estimates

Therapy choice Costs
Yo* absolute®  clinical course of  hospital nursing  therapy total costs
disease’ costs® costs*® per patient
Surgery
TURP - 12,472 1,800 5717 1,446 8,963
op - 1,094 1,650 12,290 4,747 18,687
Total 35 13,566 - -
Medication 23 9,006 1,566 - 553 2,119
Watchful 36 13,784 1,100 - 185 1,285
waiting
Other B 2,539 - - -
treatment
Total 100 38,900 - - -

" = not applicable

a) Percentages are based on observational data.®

b} Data regarding surgical procedures are based on hospitalisation data.’ Data regarding medication, watchful
wailing, and other therapies are extrapolations of hospitalisation data on patients receiving surgical BPH
treatment, based on the distribution of BPH-treatments as retrieved from observational data®

¢} Volume estimates are based on observational data. Cost estimales are based on retail prices and charges
d) Based on hospitalisation data.® Estimates on daily hospital costs are based on information on hospital costs in
the Netherlands.® Presented figures are weighed costs across all groups.

e) Cost data are based on hospital and specialist charges.'"?

.41

Hospital stay costs are estimated by considering the average length of stay (ALOS)
and the daily costs of hospital nursing. Age-specific ALOS data (categories 50-59
vears, 60-69 years, and 70 years and older) for 1996 for the various treatments are
obtained from the National Hospital Administration.® The ALOS of hospitalisations
with secondary diagnosis BPH and where a BPH-related surgical treatment is
performed is replaced by the ALOS of hospiltalisations with primary diagnosis BPH
and similar surgical treatmeni. This is done to compensate for the possible impact of
a primary diagnosis in the former type of hospitalisations requiring an extensive
hospital stay that is not attributable to BPH. Daily hospital nursing cosis are
estimated by dividing total hospital nursing costs for all teaching and non-teaching
hospitals in 1995 by the total number of hospital days.” To approximate the cost of
hospital dayvs in the vears after 1995, the cost data are corrected with an annual 6%
rate {this equals the annual increase in average daily hospital costs in the period
1991-1995).°

Data regarding the diagnostic process of the various treatments are estimated based
on the observational study mentioned above.” Cost estimates are based on

charges.'™"" Data on all investigations, treatments or procedures, including re-
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admissions, carried out within [ vear after the initial treatment choice are based on
preliminary results of the 1 year follow-up of the above mentioned Ub‘servafit?gml
study (including 89% of the 670 patients).® Cost estimates are based on charges.”” " I
is assumed that hospital re-admissions for surgical interventions involve (the costs of}
a urethrotomy encompassing three days of hospitalisation. A urethrotomy is an
incision in the urethra to widen its size and is often applied following failure of a
therapy. Hospital re-admissions without surgical intervention are also assumed to
involve (the costs of) three days of hospitalisation. Furthermore, the TURP
retreatment rate is assumed to be 10%." Hospital nursing costs and the costs of
investigations, treatments and respective treatment procedures are provided in Table
I.

TUMT-TURP trial

The costs of TUMT, as observed in the RCT of high-energy TUMT versus TURP,
are presented in Table 2. These data are based on an inclusion of 301 patients within
a two-year follow-up.™* Equipment costs include that of the applicator (in the RCT,
the Prostateron 2.5 is applied) and an echo. Purchase prices in 1995 were NLG
800,000 and NLG 132,000 respectively. Related annual costs include amnuity costs
(5% of purchase price, annually over a period of 10 years) and equipment
maintenance (8% of purchase price annually). Variable treatment costs include costs
of personnel and of materials. Average follow-up costs include costs of consultations
as well as costs of retreatment. In total, average costs per patient treated are NLG
4,813.°

Costs, as observed in the RCT, are translated to costs that can be expected in a real
world environment. First, to account for the artificiality of the RCT design, the
diagnostic process noted in the observational study mentioned above is substituted for
the diagnostic process in the RCT.® Second, the current applicator price of NLG
600,000 is substituted for the costs of the applicator. Third, the utilisation of the
applicator as observed in the trial (200 patients per annum) is allowed to vary up to
800 patients (100% capacity utilisation). In the baseline analysis, an 80% capacity
utilisation is assumed. Finally, national statistics on daily hospital costs are applied to
the follow-up costs, to substitute for the RCT specific cosi-estimates.”

Sensitivity analysis is applied, to reflect the uncertainty associated with the cost-
estimates related to TUMT. Minimal cost estimates assume the costs of the diagnostic
process, the follow-up and the applicator to be 25% less than the baseline estimate. A
100% utilisation of the applicator is assumed. Maximum cost estimates assume the
costs of the diagnostic process, the follow-up and the applicator to be 25% more than
the baseline estimate. The utilisation of the applicator is assumed to be only 60%.
The costs of TUMT, adjusted to what can be expected once TUMT is adopted in
daily practice, are shown in Table 2.
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Indication criteria of TUMT

The indication criteria of TUMT determine its role in the treatment of BPH and are
approximated by the inclusion and exclusion criteria as applied in the RCT. The
exceptions are patients with diabetes meilitus; these patients are excluded from
enroliment in the trial because of the presence of co-morbidity which will limit effect
detection, but they are nevertheless considered eligible for treatment in daily
practice.” The indication-criteria of TUMT are: a moderate to severe symptom score
(WHOPPS > 12), a decreased uroflow (Qmax < 15 ml/s) and an increased size of
the prostate (= 25cc). The exclusion criteria include the presence of a bladder stone,
a large middle-lobe, or a prostate carcinoma. To quantify the role of TUMT in the
treatment of BPH, these criteria are applied to observational data on the
characteristics of patients currently being treated for BPH.*" It is assumed that the
data, which stem from elective patients, are representative for acute patients 100.
(Missing values on e.g. uroflow-scores are assumed to be distributed equally among
all BPH patients). The data on the presence of an enlarged middle lobe and a prostate
carcinoma are basu only on patients receiving surgical therapies; it is assumed that
these are representative for all BPH-patients. Analysis shows that, depending on age,
about 31- 43% of all patients currently receiving treatment for BPH meet the
indication-criteria for TUMT and are therefore considered eligible for treatment with
TUMT.

SCENARIO ANALYSIS

The study distinguishes between several scenarios. These include the baseline
scenario (reflecting the situation that TUMT will not be introduced), demand
scenarios (reflecting the number of patients who will be treated by TUUMT when it is
introduced) and supply scenarios (reflecting the number of hospitals that will provide
TUMT when it is introduced)(Table 3). In all scenarios, the diffusion of TUMT
starts in 1998, and costs are determined for a period of five years. This is chosen to
reflect the period in which planning of health care facilities can be realised with a
certain degree of certainty, All scenarios entail demographic developments - that is,
tor the Netherlands, an increase in the number of older men in the years to come.

Baseline scenario. The baseline scenario extrapolates current treatment patterns for
BPH. The scenario entails only demographic developments.

Demand scenarios. Two scenarios are distinguished to assess the demand for TUMT
in the future. The first scenario assumes that the demand for TUMT will come only
from paumm who are currently being treated for BPH and who meet the indication-
criteria for TUMT. That is, the total number of patients treated for BPH will not
increase following the introduction of TUMT (except for demographic reasons). This
scenario is labelled ‘constant demand’. Based on the indication-criteria for TUMT
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and on the respective characteristics of patients receiving BPH-treatments, the
potential for substituting TUMT for these treatments is estimated. Table 3 shows
there is potential for performing almost 13,500 TUMTs in the year 2002.

The second scenario acknowledges that the demand for TUMT may also include
individuals who are not currently seeking BPH-treatment but who might if the
introduction of TUMT decreases the barrier to treatment. This scenario is labelled
‘increased demand’. The prevalence of BPH in the community is estimated as the
starting point in this scenario. This prevalence has been reported to be 9-27% in all
men between the age of 55 vears and 74 vears in the Netherlands, defined according
to generally accepted criteria (prostate volume > 30 cm’, maximum flow rate > 15
ml/s and IPSS > 7).'" In absolute figures, this means a prevalence of approximately
360,000 men in 1998 (assuming that the prevalence of BPH among men aged
between 50 and 54 years is equal to those aged between 55 and 59 years, and that the
prevalence of BPH among men older than 75 years is equal to those aged between 70
and 74 years)."”

However, it is not evident whether or not these men are sufficiently bothered by their
symptoms to seek treatment. Of all men with BPH, 51% report that their urinary
symptoms interfere with at least one activity of daily life.™ In other research, it was
found that of all men with BPH-symptoms, only about a quarter perceive their
urinary symptoms to be a problem." In the scenario analyses, the number of men
who seek treatment varies between the current situation (~ 36,000: 10% of all
symtomatic men in 1998 [Table 1 excluding ‘other treatments’]), and the situation
where all men finding their symptoms problematic present themselves for treatment
{~ 90,000: 25% of all symptomatic men in 1998 [excluding ‘other treatments’|). It
is assumed that the increased number of men seeking treatment following the
mtroduction of TUMT have the same characteristics as the population who are
currently receiving treatment for BPH and will subsequently undergo the same array
of treatments.

Supply scenarivs, TUMT may be provided in alternative ways as reflected in a
number of scenarios. In all scenarios, it is assumed that all BPH patients who present
themselves for treatment and who are eligible for TUMT are indeed treated, The first
supply scemario assumes a high capacity utilisation (80%) of the applicators. For
example, this can be fostered by the strong influence of the Duich government on the
allocation of TUMT-centres to hospitals. A limited number of hospitals cover ithe
total demand for TUMT as defined in the demand scenarios. This scenario is labelled
‘controlled provision”. A second scenario assumes a sub-optimal capacity utilisation
of the applicators. This may resemble the situation if the Dutch government leaves
the decision to provide TUMT 1o the individual hospitals. This may lead to a larger
number of hospitals adopting TUMT and consequently to a relatively low average
capacity utilisation. This scenario is labelled “widespread provision”.
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TABLE 3. Scenarig-analyses on demand for BPH-freatments, 2002 figures

Treatment Scenario
‘baseling’ ‘constant demand’ ** ‘increased demand’ °°

Surgery

TURMT g 13,453 32,730

TURP 13,625 9,182 22,372

oP 1,189 397 1,191
hedication 9,876 5,229 12,667
Watchful waiting 15,138 11,944 28,962
Total 39,828° 40,205 97,922

a) Figures do not correspond as the total number of retreatments increases after the introduction of TUMT.

b) Assuming a 100% diffusion within one year.

¢} Esfimates are based on the current distribution of theraples across various therapies and age groups (Table 2),
and that of indication criteria for TUMT ®

d) Estimates are based on the prevalence figures of BPH in the community, assuming that 25% demand
treatment for BPH following the introduction of TUMT. "5

RESULTS

The (cost-)consequences of the various scenarios are presented as estimates for the
year 2002 (Table 4). In the baseline scenario, costs of BPH-treatment equal ~ NLG
203 min. In the ‘constant demand’ scenario - assuming that the demand for BPH
treatment does not increase following the adoption of TUMT -, about 13,500 TUMTs
will be carried out. If the provision of TUMT is controlled, to foster an optimal
capacity utilisation, treatment will be provided in 22 centers, inducing total costs of
NIL.G 187 min. Sensitivity analyses show minimum and maximum values of NLG 172
and NLG 204 min.

It there is widespread provision of TUMT, through, for example, 50 hospitals, total
costs equal NLG 189 min. Minimum and maximum values are NLG 174 min and
NLG 204 min. If demand increases up to 25% following the introduction of TUMT,
approximately 32,700 TUMTs will be performed. In the case of a controlled
provision, treatment will take place through 52 hospitals. [n this scenario, total costs
of BPH treatment are NLG 457 min. Sensitivity analyses show minimum and
maximum values of NLG 419 min and NLG 497 mln. If provision is widespread,
(i.e. through 100 hospitals), total costs equal NLG 466. Minimum and maximum
values are NLG 427 min and NLG 505 min.
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TagLE 4. Scenaric analysis, costs in 2002 (x million NLG), all age groups®

Senarios “baseline’ ‘controfled provision' ® ‘wide-spread provision' *

‘baseling’ 203 -
constant demand - 187 (172 - 204) 189 (174 - 204)
increased demand’® - 457 (419 - 497} 466 (427 - 505)

a) Figures between brackets represent minimum and maximum values stemming from sensitivity analyses.
bj Assuming that 25% of all symptomatic men demand treatment for BPH following the introduction of TUMT.
¢) The scenario ‘controlied provision’ assumes an aplimal capacity utilisation.

d) The scenario ‘widespread provision’ assumes a sub-optimal capacity utilisation.

Figure 1 shows the effects of increasing demand for BPH-treatment in more detail. In
case the percentage of symptomatic men who receive BPH treatment increases from
the current 10.2% to e.g. 12% following the adoption of TUMT, total costs in 2002
equal ~ NLG 219 min (applying the ‘controlled provision’ scenario, baseline
estimate). Further increases to 20% or 25% leads to increases in costs up io ~ NLG
365 min and ~ NLG 457 miln respectively.

DISCUSSION

The analysis shows that potentially large cost savings, up to NLG 16 min annually,
may be associated with the introduction of TUMT in the Netherlands. The number of
men being treated is an important determinant of total BPH treatment costs. Costs
may increase by ~ NLG 263 min if 25% of all symptomatic men seek treatment
following the introduction of TUMT. The introduction of TUMT is cost-neutral if the
percentage of symptomatic men seeking treatment increases from the current 10.2%
up to between 11% and 12%. Such an increase may be induced by an enhanced
prostate awareness among men, or by the increased attention that industry is paying
to this health care problem. However, there is not sufficient information to sustain or
reject the statement that the demand for BPH trearment is increasing.

Analysis also shows that the way the provision of TUMT is organised hardly affects
the costs of treatment. Although large (investment) costs are associated with TUMT,
its large treaument capacity causes these costs per patient to remain relatively low.
There are small efficiency gains if TUMT is provided through a controlled supply,
but these may be offset by higher travel costs of patients to the hospitals. Another
option is to provide TUMT on a mobile basis. Although this will result in a relatively
high capacity utilisation, efficiency gains are expected to be minimal because of the
small impact of capacity utilisation on total costs.
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FIGURE 1. Costs related to an increase in men seeking BPH treatment (‘increased demand’ scenario)

The analysis focuses only on cost-consequences stemming from the introduction of
TUMT, and considers the efficacy of high-energy TUMT to be equal to that of
TURP. Randomised studies show that high-energy TUMT exerts effects in reducing
symptoms and increasing flow rate that are greater than can now be achieved by drug
therapy but somewhat less than those commonly seen following TURP. On the other
hand, the less invasive character of TUMT compared to TURP is likely to cause less
complications. The WHO notes that further evaluation is required before the final
place of TUMT is defined.” Currently, for example, follow-up data on retreatment
rates are available only for a period of two years. If these rates increase significantly
when measured over a longer time period, total costs related to TUMT may be much
larger than estimated in the present analysis. The results of this study must be
considered in light of these shortcomings.

There are a number of assumptions in this analysis that shouid be considered
carefully. First, the analysis assumes that all BPH-patients, as considered in the
analysis and who meet the indication criteria for TUMT, are also willing to undergo
treatment with TUMT. However, some may decline treatment with TUMT because
they are willing to live with their symptoms, or are satisfied with their current
treatment. Second, the analysis does not distinguish between high-energy TUMT and
low-energy TUMT. However, as high-energy TUMT involves higher temperatures,
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its clinical course after treatment can be considered somewhat more severe. As this
may lead to higher costs, the assumption may cause an overestimation of the costs
related to TUMT. Third, the analysis assumes that the additional men who seek
treatment following the introduction of TUMT have the samie characteristics as the
population who currently receive treatment for BPH. This seems plausible
recognising that these additional men will present themselves in an earlier stadium of
disease. However, the additional group will most likely not be comprised of acute
retention patients. Finally, cost estimates in the analysis are based on charges which
may bias the analysis in the sense that charges do not necessarily reflect real costs.*

A number of possible future developments which are not included in this analysis
may affect the total costs of BPH-treatment in the Netherlands. Further technological
changes related to TUMT may cause its costs to decrease. However, the adoption of
different applicators should be critically assessed before being adopted on a
widespread basis as effectiveness may vary. Also, in the future, indication criteria for
TUMT may expand to less severe BPH patient groups. From an economic
perspective, this development should be regarded with caution as it is not certain that
the benefits of applying TUMT to these groups would justify the extra costs.
Furthermore, besides TUMT, various other minimally invasive techniques, such as
laser therapy, are being researched.” Depending on the indication criteria of these
techniques, their diffusion may further displace traditional treatments or may affect
the diffusion process of TUMT as defined in this study. As most of these developing
techniques are minimally invasive, they are not expected Lo have a major impact on
the overall future costs of BPH treatment as estimated in the present study. Finally,
demographic developments lead to a dramatic increase in the number of older men in
the future. In the year 2010, the number of men over 50 years of age is predicted
be 21% larger than in 2000. In 2020, this increase is predicted to be 46%."" Persons
over 50 years of age constitute the most rapidly growing segment of the Duich
population, making BPH a major health expense.

[t has been shown that the introduction of TUMT seems a cost-saving activity, both
on the individual (patient) level, as well as on the aggregate level. Furthermore, the
present analysis has revealed that the organisation of providing TUMT hardly affects
the costs at the system level, thereby indicating that there is no obvious need for
regulation of TUMT by the government. The analysis has also made clear that the
most important determinant of the total costs of BPH-treatment is the possible
increase in the total demand for BPH-treatment that may be induced by the
introduction of TUMT. These data may facilitate the decision making process
regarding the introduction of TUMT.
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SUMMARY

Because of the prevalence of pnewmococcal pneumonia and the substantial morbidity
and mortality associated with many pneumococcal infections, considerable efforis
have been made in disease prevention, using a polyvalent polysaccheride
prneumococcal vaccine. Although the WHO has endorsed a policy of universal
vaccination of all elderly people, the economic aspects of such a policy have not been
determined. Using a decision-tree framework, this paper examines the cosi-
effectiveness of various strategies of pneumococcal vaccination for the elderly in The
Netherlands. For various age categories, the economic attractiveness of the
vaccinarion of all individuals as well as the vaccination of only those individuals with
a specific disease has been calculated. We conclude that, allowing for some
uncertainty regarding key variables such as the vaccine efficacy and the hospital
admission rate, the vaccination of all individuals above the age of 65 years is
comparable in terms of cost-effectiveness o many existing health care interventions.
The vaccination of individuals above the age of 55 years with chronic lung disease or
chronic heart disease is similarly attractive from an economic point of view, as is the
vaccination of individuals above the age of 65 years with diabetes mellitus.
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INTRODUCTION

Pneumococcal infections are an important cause of hospitalization and death among
elderly individuals and those with a variety of high-risk medical conditions.'?
Pneumococcal ppeumonia is the most frequent serious pneumococcal infection, it
represents the most common bacteriologic cause of community-acquired pneumonia
and it is the primary target for pneumococcal immunization programmes in the
elderly. In The Netherlands alone, it is estimated that 16,000 cases of pneumonia
required hospitalization in 1994, pneumococcal infections being responsible for
~30% of this total.® Despite the availability of antibiotic therapy, the hospital
mortality rate for pneumococcal pneumonia is as high as 16.5% for those above the
age of 55 years.’

The 23-valent pneumococcal polysaccharide vaccine was licensed for use in The
Netherlands in 1984, In 1988 the World Health Organization (WHQ) recommended
that all elderly people should receive pneumococcal vaccination.' This policy was
found to be economically attractive for the USA.* However, the cost-effectiveness of
this vaccination strategy may be highly dependent on country-specific factors, such as
the incidence of the disease, hospital admission rates and the costs of treatment of
pneumococcal infections. Using a model approach, this study considers the
assumptions under which the vaccination of the elderly will be cost-effective in The
Netherlands.

METHODS AND MATERIALS

Model structure

To estimate the economic aspects of pneumococcal vaccination strategies, a decision
tree has been applied. Figure 1 summarizes this tree as it is operationalized in this
study. The decision tree describes the risks of becoming infected afler vaccination
and the associated probabilities of recovery and hospital admission. For various age
categories, the economic attractiveness of vaccination has been determined. We
distinguished subgroups of individuals without any specific underlying disease and
subgroups of individuals with underlying diseases that are known to constitute a risk
factor for acquiring pneumococcal pneumonia and/or which make the course of the
disease more severe. From the literature, we identified 3 types of underlying
diseases: diabetes mellitus (ICD-9 code: 250y, chronic lung disease (JCD-9 codes:
491 - 494, 496) and chronic heart disease (1CD-9 codes: 412 - 414 and 428). A cost-
effectiveness analysis requires a comparison of the costs and health effects for each
of the vaccination strategies. We used DATA 2.6 (copyright TreeAge Software,
1995) 1o perform these calculations and then compared the sirategies with the costs
and health effects in case no vaccination is initiated.

95



CHAPTER 6

recovery lo
healthy status <ﬂ
recovery to
healthy status
pneumococcal
infection hospital
dealh
no vaccination
death ]
#o infection
recovery to
healthy status
program [(] racovery to
‘ heaithy status
preumococcal
infaction hospital
death
vaccination
death q

no infection

FIGURE 1. Decision free

The analyses is carried out from a societal point of view and takes into account all
direct medical costs, whether paid by patients or by third parties. These direct
medical costs include expenditure for purchasing and administering the vaccine, the
freatment costs of vaccine side-effects and the treatment costs saved by preventing the
disease. Indirect costs, in the sense of the productivity losses of the elderly, are not
taken into account: should the use of economic evaluation be restricted to allocation
decisions in health care, cost assessments should be limited to (health services)
resources which have no alternative other than the production of health.® Costs are
estimated in Dutch guilders but are presented in this paper in ECUs (exchange rate
Drecember 1995: | ECU = 2.07 Dutch guildersy. All costs are standardized for 1995.

Health effects are expressed in life-years gained due to preveating pneumococcal
pneamonia. Data has been extracted by literature review concerning factors such as
vaccine efficacy or from Dutch databases concerning factors such as the incidence of
disease or hospital mortality. The cost-effectiveness ratio (CER) expresses the net
costs that would be expended on vaccination in order to gain 1 life-year. To reflect
the time preferences of society, all future costs and life-years are discounted at a 5%
discount rate as mandated by the Dutch Ministry of Finance.’
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Vaccine

The current recommended immunizing agent is polyvalent pneumococcal vaccine
containing purified capsular polysaccharides from 23 of the 83 different types of
Streptococcus preumoniae. The 23-type vaccine was licensed in The Netherlands in
1984. Studies of pneumococcal isolates obtained from blood or other sterile body
sites indicate that this 23-type vaccine usually covers 90% of capsular polysaccharide
types.”

Efficacy. Although randomized controlled trials can theoretically provide the best
estimate of vaccine efficacy, the large sample size required to have adequate
statistical power makes the detection of effects difficult.””"" This may be one
explanation for the negative rtesults of various randomized controlled trials.'’™™ A
meta-analysis of randomized controlled trials failed to prove efficacy for the elderly,
probably due to the broad definition of the subgroups.” Observational, non-
randomized studies of efficacy, however, have demonstrated an estimated efficacy
against bacteremic pneumococcal infections ranging from 46 to 78% for persons over
55 years of age, with or without chronic underlying diseases.''” Some authors argue
it is 'reasonable’ to extrapolate results on the efficacy of vaccination against
bacteremic pneumococcal infections (which are more convincing) to non-bacteremic
pneumococcal infections.™" As a result, the view shared by most authors is that the
efficacy of the vaccine ranges from 60 o 70% for immuno competent persons over
age 55 years with or without chronic underlying disease,”*" """ although others are
more sceptical.'"*' The base case analysis assumes an efficacy rate of 60% for all
subgroups of elderly people.

Duration. Vaccine efficacy has been shown to persist for a period of 5 - 8 years but
appears to wane afterwards.'®" In the base case analysis, we apply a vaccine duration
of 5 years.

Safery. Vaccine-associated reactions occur within 24 h of injection in small groups of
elderly vaccinees and consist primarily of discomfort, erythema and induration that
last a couple of days. One study reported an incidence of 8 complications requiring
GP consultation per 1,000 vaccinated individuals®; this figure has also been applied
in the base case analysis.

Epidemiology and care

Incidence in the health care system. The estimates of the incidence of pneumococcal
pneumonia in general pracrice are based on data on the annual incidence rates of
community-acquired pneumonia from a large Dutch General Practioners’ survey
including 340,000 patients, carried out in 1987 - 1988 This is considered
representative for the Dutch population as a whole.”’ Estimates in the international
literature of the proportion of all pneumonias that are pneumococcal range from 15 to
409 131023213 Acy base case scenario in the present study the most cited percentage
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of 25% 1is applied. Regarding sensitivity analyses, 2 alternative scenarios are
developed in which the maximum and minimum values as reported in the
international literature are applied: scenario A assumes that 40% of all pneumnonias
are pneumococcal pneumonias, while scenario B assumes that 15% are.

Estimates of the hospital admission rate for pneumococcal pneurnonia are based on a
database that includes more than 99% of all hospital admissions in The Netherlands
in 1994 Cases of pneumonia are defined as those which are admitted to hospital
with pneumonia (ICD-9 480 - 486) as the first diagnosis. In the international
literature, estimates of the proportion of these pneumonias that are caused by
pneumococcal pneumonias vary between 20 and 40% .**** In the base case analysis,
we apply the most cited percentage of 30%. In the sensitivity analyses, two
alternative scenarios are developed in which the maximum and minimum values as
reported in the international literature are applied: scenario A assumes that 40% of
all in-patient pneumonias are pneumococcal pneumonias, while scenario B assumes a
percentage of 20%.

These two methods are applied to calculate the incidence rates for the selected
subgroups of individuals (Table 1). The number of hospital admissions divided by the
incidence in the general practice can be regarded as the hospital referral rate, e.g. for
individuals aged 65 - 69 years, the referral rate is 18.75% (57 out of 304).

Length of sray. Estimates of the average length of stay for the various subgroups of
elderly people admitted with pneumococcal pneumonia have been based on data on
hospital admissions for pneumonia as the first diagnosis, in The Netherlands in 1994.
For example, the average length of stay for patients of 55 - 59 years is 14.6 days;
this figure increases with the age of the individuals involved.®

Morrality rates. Estimations of general practice mortality rates of patients with
pneumococcal  pneumonia  are based on 1994 Dutch mortality statistics for
pneumonia.” Estimations of hospital mortality rates are based on data on hospital
admissions for pneumonia in The Netherlands in 1994, For example, the mortality
rates in the general practice and at the hospital for patients of 55 - 59 years are
respectively 0.02 and 5.6%; these figures increase with the age of the individuals
considered.’

Life-years gained. The (discounted) number of life-years gained as a result of a
vaccination strategy is estimated as the difference between the (discounted) average
number of life-years that individuals live if they are vaccinated and if they are not
vaccinated. To calculate these average numbers of life-years, the life expectancy of
individuals as reported in life tables for corresponding age categories is used as an
input in the decision tree.*
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TagLE 1 The annual incidence of pneumococcal pneumonia per 100,000 individuals ®

Age category Base case analysis

General practice incidence  Hospital admission rate

rate (25%) {30%)
50 - 59 years 137 23
B0 - 64 years 247 37
65 - 69 years 304 57
70 - 74 years 474 84
75 - 79 years 441 123
80 - 84 years 595 165
85 years and older 928 202
55 - 64 years with chronic lung disease {606) 74
65 - 74 years with chronic lung disease 1,356 123
75 years and older with chronic lung disease 1,395 168
55 - 64 years with diabetes mellitus 41
65 years and older with diabetes melflitus -248 98
55 - 64 years with chronic heart disease -244 98
65 - 74 years with chronic heart disease 585 90
75 years and older with chronic heart disease 1,040 175

a) Based on data from the 1988 General Practitioners’ survey® and on hospital admissions in The Netherlands
in 1994° The assumptions, in the scenario, regarding the percentage of all pneumonias caused by
pneumococcal pneumonias are presented between parentheses. Where the number of pneumonia cases is
fewer than 10, the incidence figure is enclosed in parentheses, A dash -- indicates no exposurg.

The life expectancy of individuals with an underiying disease is calculated using the
DEALE (declining exponential approximation of life expectancy) methodology which
is based on the assumption that survival follows a simple declining exponential
function. Life expectancy is obtained by combining disease-specific mortalities with
the age-, sex- and race-adjusted mortality rate of a healthy individual.”' The (excess)
mortality rates for individuals with underlying diseases as applied in this model are
assumied equal for all ages and are based on data from Japanese and UK insurance
companies (chronic lung disease 0.026, diabetes mellitus 0.011 and chronic heart
disease 0.012).%
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Costs

We distinguished vaccination costs, general practice treatment costs and hospital
treatment costs. To adjust for 1995 prices, where necessary, an annual price increase
of 3.6% has been assumed.”

The 1995 vaccine retail price was ECU 12.95 per dose.” Dispensing costs are not
included in the analysis; they vary with the number of purchased vaccines and may
be considered low in the case of a large-scale vaccination programme. In the base
case analysis it is assumed that general practice administration of the vaccine takes
half of one consultation and that the treatrnent of vaccine side-effecis requires one
general practice consultation. With costs per general practice consuliation estimated
at ECU 14.15%, the total cost of vaccination per individual is ECU 20.19. Treatment
of pneumonia by the general practice is assumed to require three to four consultations
(ECU 49.54) plus medication (antibiotic, ECU 24.28). If the patient is sent directly
to the hospital, it is assumed that only one consultation is involved.

The calculation of costs of hospital treatment for pneumococcal pneumonia is based
on separate estimates of treatment costs and hospital nursing costs. The estimation of
the respective treatment costs of the various subgroups of the elderly is based on
1994 cost profiles of patients treated at the Academic Hospital of Maastricht (AZM)
which include departmental personnel and material costs, but exclude nursing costs,
medication costs, departmental capacity costs and hospital overhead costs. To correct
for hospital overhead costs, 40% is added to these treatment costs.” The total
treatment costs at general hospitals are estimated to be 55% of the costs at an
academic hospital .**

Hospital nursing costs are calculated by multiplying the age-specific average length
of stay by the average daily hospital nursing costs. Standardizing for 1995 prices and
applying the weighted average - based on the number of hospitals days - of the costs
of academic and general hospitals in The Netherlands (STG 19933, the daily hospital
nursing costs are estimated at ECU 161.35.

From the above it can be seen that there are many variables which have identical
values across all subgroups of elderly people (such as the costs of vaccination and
daily hospital nursing costs), and a limited number of variables which create
differences in the CERs between the various subgroups of elderly people: the general
practice incidence rate, hospital admission rate, hospital length of stay, hospital
freatment costs (which do not vary across age groups), hospital mortality rate,
general practice mortality rate (which does not vary by type of underlying disease)
and life expectancy.
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RESULTS

Base case analysis

Incremental costs and incremental effects of vaccination using the base case
assumptions regarding incidence rates, vaccine effectiveness and costs are shown in
Figure 2. For convenience, only estimates for individuals without any specific
underlying diseases are shown.
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FIGURE 2. Base case costs and effects per case of vaccination against pneumococcal pneumonia for various age
groups

For example, the figure shows that vaccinating an individual aged between 55 and 59
years will cost ~ BECU 18 more than not vaccinating that individual and yields on
average very little (0.00048) in terms of additional life-years. Vaccinating an
individual aged 85 years or older appears to be cost-saving and yields on average ~
0.01745 life years.

The incremental CERs are shown in Table 2. Accounting for the case-mix of patients
with or without specific underlying disease, the cost-effectiveness of vaccinating all
individuals increases with age: vaccinating those aged 55 - 59 years yields a CER of
~ ECU 37,500 per life-year saved, whereas vaccinating individuals of age 85 years
and older produces a cost-saving.
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TapLE 2, Cost-effectiveness ratio (CER) of different vaccination sirategies®

Age category Mo specific Chironic lung Diabetes Chronic heart
underlying disease  diseases medlitus disease
55 - 59 years 37,500
10,700 17,800 3,300
60 - 64 years 16,800
65 - 69 years 7,100
1,200 1,800
70 - 74 years 3,100
75 - 79 years 1,100 2,400
80 - 84 years 150 cost-saving cost-saving

85 years and older  cost-saving

a) Cost-effectiveness ratios are rounded to the nearest ECU 100,

Vaccinating all individuals above the age of 55 years yields a CER of ~ ECU 3,300
per life-year saved and vaccinating all individuals above the age of 65 years a CER of
~ ECU 1,500 per life-year saved (not shown in table). The cost-effectiveness of
vaccinating individuals with a specific underlying disease appears to be moderately
more cost-effective for corresponding age groups: it varies from ~ ECU 17,800 per
life-year saved for those aged 55 - 64 years with diabetes mellitus to cost-savings or
something approaching a cost-saving, for those in higher age groups, regardless of
the underlying disease.

One-way sensitivity analyses

Table 3 shows the one-way sensitivity analyses involving the epidemiologic and
economic data as applied to 3 subgroups of individuals; those of age 60 - 64 vyears,
65 - 69 years, and 70 - 74 years. These groups were chosen as being the most
relevant groups for decision making. The impact of the variables on the cost-
effectiveness of individuals aged 65 - 69 years is discussed below, in order to provide
an example of the sensitivity analysis.

Assumptions about vaccine. The analysis is relatively sensitive to variations in the
vaccine efficacy rate. If this rate is for example decreased from 60 to 40%, fewer
cases of pneumococcal pneumonia are prevenied and the incremental CER increases
by more than 70% to ~ ECU 12,100 per life-year gained. A sensitivity analysis was
also performed under the assumption that the vaccine remains effective for only 3
years instead of 5 years; in that case the CER increases by 79% to ~ ECU 12,700
per life-year saved. If the vaccine provides protection for 8 years, the ratio almost
halves compared to the base case value. The analysis is relatively insensitive to the
vaccine retail price.
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TaBLE 3. Results of one-way sensitivity analyses: index of cost-effectiveness ratios (base case = 100%)

Base case  Vaccine Strings Duration of  Vaccine retail  Discounting
analysis efficacy covered immunity price 3-10%
{(=100%) 40% - 80% by vaccine 3-8years ECU10-17

70% - 90%

60 - 64 16,800 161 - 70% 131-97% 176 -61%  80-124% 82 -157%
years

65 - 69 7,100 171 - 64% 137 -97% 179-53%  77-128% 154 - 82%

years

70-74 3,100 189 - 56% 146 - 96% 196-39%  71-135% 84 - 149%

years
Vaccine Hospital Hospital treatment  GP incidence  Life-years
provision 1 GP  admissionrate  costs 0.75-1.25*  rate scenario gained
consultation scenario A, B base case A B undiscounted

60 - 64 143% 74 - 145% 101-99% 88 - 110% 61%

years

65 - 69 150% 69 - 156% 102 - 98% 89 - 109% 63%

years

70-74 162% §2% - 162% 104 - 96% 82 - 116% 69%

years

Assumptions about general practice data. It it is assumed that vaccination requires 1
full general practice consultation instead of half a consultation, the CER increases by
50% to ~ ECU 10,700 per life-year saved. The model is insensitive to other
assumptions regarding general practice data.

Assumptions about hospital data. Assumptions regarding the hospital admission rate
alfect the results considerably: if, for example, scenario B is applied, the CER
increases by 56% to ~ ECU 11,100 per life-year saved, i.e. vaccinating becomes
much less attractive from an economic point of view. The results are hardly affected
by assumptions about hospital costs.

Other assumptions. Assumptions on the rate at which future costs and health
outcomes are discounted have a moderate effect on the results; if, for example, the
discount rate is increased from 5 to 10%, the incremental cost-effectiveness ratio
increases by 54% to ~ ECU 11,000, i.e. vaccinaling becomes less attractive. To
provide insight into the importance of the various parts of the model, the analysis was
also performed considering only hospital data, thereby ignoring the presence of
General practices and their costs in the health care system (except for General
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practice vaccination costs). As a result the incremental CER increased by a moderate
26% to ~ ECU 9,000 per life-year saved.

Multi way sensitivity analysis

To assess the joint influence of the various assumptions on the CERs, multi way
sensitivity analyses were carried out. Multi way sensitivity analyses were carried out
for those variables which were shown in the one-way sensitivity analyses to influence
the results most strongly. Table 4 shows the results. For example, if we assume a
low hospital admission rate for pneumococcal pneumonia (scenario B) and a low
vaccine efficacy rate, the CER of vaccinating individuals between 65 and 69 years
increases by 254% to ~ ECU 18,000 per life-year saved. A three-way sensitivity
analysis assuming a low hospital admission rate (scenario B), a short duration of
immunity (3 years) and a low vaccine efficacy rate (40%) yields a CER of ~ ECU
29,000 per life-year saved (not shown in Table 4).

TABLE 4. Resufts of two-way sensilivity analysis, age category 65 - 68 years: index of cost-effectiveness ratios
(base case = 100%)

Variable assumptions Hospital Haspital Vaccine efficacy  Vaceine efficacy
admissionrate  admissionrate  40% 80%
scenario A scenario B

Vaccine efficacy 40% 124% 254% - -

Vaccine efficacy 80% 41% 107% - -

Duration of immunity 3 89% 188% 288% 125%

years

Duration of immunity 8 30% 94% 104% 28%

years

DISCUSSION

We estimated the cost-effectiveness of vaccinating the elderly population in The
Netherlands against pnenmococcal pneumonia. The CER is remarkably high -~ some
would call it cost-ineffective - for vaccinating those between S5 and 59 years old.
However, vaccinating the very old can even produce cost-savings. The vaccination of
individuals between 63 and 74 vears old with underlying diseases such as chronic
lung disease, diabetes mellitus or chronic heart disease appears to be attractive from
an economic point of view, as is the vaccination of all individuals between 70 and 74
vears. Vaccinating all individuals between 65 and 69 years is, in terms of cost-
cllectiveness, comparable with firmly established preventive medical interventions
such as breast cancer screening (ECU 3,000 per life-year saved)™ or cervical cancer
screening (ECU 14,000 per life-year saved)” (lower bound cost-effectiveness
estimates, adjusted to 1995 prices). Since the CER was found to decrease with age,
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this implies that vaccination of all individuals above the age of 65 or 70 years should
be considered.

The analytic result is sensitive, however, to a number of variables whose values are
imprecisely known at present. The results are relatively sensitive to the hospital
admission rate of pneumococcal pneumonia. Unfortunately, data concerning the
hospital admission rate of pneumococcal pneumonia are inadequate for the purpose of
establishing reliable estimates. However, the hospital admission rates for
pneumococcal pneumonia as estimated are comparable to those found in other
countries and applied in other studies.'***"*°% Moreover, by comparing the
estimated number of hospital admissions for pneumococcal pneumonia with the
estimated incidence rate of pneumococcal pneumonia in general practice, we can
calculate hospital referral rates which are comparable to those reported in studies on
referral behaviour by GPs in The Netherlands.?*"*

The results are also somewhat sensitive to vaccine characteristics such as the vaccine
efficacy and duration of immunity. This is a critical point since the vaccine efficacy
and duration of immunity of vaccination against pneurnococcal pneumonia lave only
been estimated in case-control studies, while randomized controlled trial studies did
not prove efficacy. However the assumiptions applied in the model do reflect a
contemporary opinion on these matters shared by many authors, although others have
a more pessimistic view. Assumptions regarding the percentage of pneumococcal
pneumonias which are caused by the types covered by the vaccine affect the analytic
results moderately; unfortunately reliable values have been established for the
pneumococcal bacteremia but not for pneumococcal pneumonia. Finally, the results
proved to be moderately sensitive to assumptions regarding the costs of vaccine
administration and retail price. The two-way sensitivity analyses showed that the
CER for vaccinating individuals aged 65-69 years ranges, depending on the
assumptions, between ~ ECU 2,000 per life-year saved and ECU 20,000 per life-
year saved, which confirms that the model used is relatively stable to the assumptions
applied.

It should be noted that the analysis as a whole is conservative. First, the analysis
considered only the effect of vaccination on the incidence of community-acquired
pneumococcal pneumonia. Hospital-acquired pneumococcal pneumonia, however,
may constitute 30% of the total number of pneumococcal pneumonia cases treated in
the hospital.**" This implies that we may have underesiimated the number of
prevented cases of pneumococcal pneumonia. Second, we did not include the
vaccine’s efficacy in preventing meningitis or other diseases; as 8. preumoniae ranks
third among the pathogens causing meningitis in The Netherlands®, this may imply
ihat we have seriously underestimated the total health effects gaimed. Third, it is the
belief that vaccinated individuals have a less severe course of disease I they do



CHAPTER O

become infected has not been included in the analysis; its inclusion would make
vaccination more econormnically attractive.

Fourth, as a proxy for hospital length of stay and mortality, we used statistics relating
to pneumonia rather than pneumococcal pneumonia. As the latter is a more severe
disease, this underestimates the effect of vaccination on mortality and on the costs of
hospital treatment. Fifth, in estimating hospital treatment costs we ignored costs such
as the cost of medicines; in estimating the costs in general practice we ignored the
costs of diagnostic tests. However, we did not include vaccine dispensing costs in the
analysis.

On the other hand, it is argued that the successful prevention of pneumococcal
pneumonia may not be attended by a proportionate reduction in pneumonia deaths as
other pathogens may replace S. pneumoniae in elderly persons.'' This issue has not
been considered in this analysis and we therefore may have somewhat overestimated
the reduction in pneumonia deaths and, consequently, the economic attractiveness of
vaccination. Moreover, if the number of life-years gained was to be adjusted for
quality of life, the CER - in terms of costs per quality-adjusted life year gained --
would have increased. This is particularly true for those in the higher age categories
and those with underlying diseases, since the life years they gain will not likely be
spent in full health. For example, in a study concerning the perceived health of
individuals of all age categories, it has been found that, on average, individuals
without any specific disease perceived their health as 75 on a scale of 0 o 100,
whereas individuals with diabetes mellitus or chronic lung disease scored, on
average, only 60.*" This highlights the need for a cautious assessment of the value of
the life-years gained as reported in this analysis.

A number of future events and trends will substantially affect the economic
attractiveness of vaccination. One possible future scenario for pneumococcal
vaccination in The Netherlands is the joint provision of pneumococcal and influenza
vaccination.  As influenza predisposes to bacterial pneumonias - including
pueumococcal pneumonia - additional pneumococcal pneumonias could be prevented
by this joint provision.” The impact on the economic attractiveness of pneumococcal
vaccination, however, is uncertain. Yet, important economies of scale can be
expected in the sense that general practice vaccination costs decrease considerably.
Furthermore, pneumonias have reportedly become increasingly resistant to
antibiotics," thereby offering less scope for medical treatment and increasing the
need for vaccination. It thus seems safe to assume that current projections
underestimate future health effects and therefore underestimate the attractiveness of
vaccination.

There is, however, some discussion whether the incremental CER of specific age
groups or the average CER of all age groups above a certain age should be
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considered in decision making.* In the latter case, the CER is determined by dividing
the total costs by the total health effects stemming from vaccination of all age groups
above a certain age. However, average CERs are generally not regarded as good
yardsticks for allocation decisions in health care since they may disguise the fact that
the strategy in question includes not only economically attractive interventions but
also economically unattractive interventions. Average CERs are only relevant when a
discrete decision has to be made, i.e. whether a vaccination programme should be
implemented.

[n general and certainly with respect to this vaccination programme, decisions need
to be taken regarding how extensive the vaccination program should be and which age
groups should be invited to participate, so incremental age-related CERs, rather than
average CERs, are required. This can be seen from this analysis, which has shown
that vaccinating all individuals above the ages of 55 or 65 years yields relatively low
average CERs (ECU 3,300 and ECU 1,500 per life-year saved respectively).
However, the incremental CER of vaccinating individuals aged between 55 and 59
years (ECU 37,500 per life-year saved) informs decision makers that the inclusion of
this age group in a nationwide vaccination programme is refatively unattractive from
an economic point of view.

Can these analytical results be extrapolated to other European countries? The
epidemiologic data and the impact of effects on life expectancy are unlikely to differ
between countries. Hospital admission rates, however, which were an important
element in the analysis, may differ significantly between countries. The admission
rates in in-patient institutions vary from ~ 10% in The Netherlands and Spain, to
more than 20% in countries such as France and Germany.”” Costs may differ
substantially too. For example, daily hospital costs in Spain have been found to be
twice as high as those in The Netherlands or France and even 3 times as high as
those in Germany **

On the other hand, the average length of hospital stay in Spain is considerably shorter
than in the countries mentioned above and less than half of the average stay in The
Netherlands.”® The overall influence of these effects on the cost-effectiveness of
vaccination against pneumococcal pneumonia is difficult to predict. Yet, a number of
studies on the economic aspects of pneumococcal vaccination performed in other
countries’***" yield the same conclusion, i.e. that vaccination of all elderly above the
age of 63 vears is cost-effective. These conclusions, however, are based on the
average cost-cffectiveness ratios rather than on incremental analysis and can therefore
not be compared with the conclusions derived in this analysis for the case of The
Netherlands.

[nformation on the cost-effectiveness of pneumococcal vaccination is only a first step
i providing support for policy making: the next step requires an analysis at the
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population level. A decision maker who also has budget responsibility and who
allocates funds at the population level must also consider the total budget impact and
the total achievable health gains, which implies an explicit formulation of the
epidemiologic aspects of a medical intervention to assess how many patients are and
will become medically eligible. As a first attempt to provide such information, Figure
3 shows the health production function of vaccination against pneumococcal
pneumonia,

o
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0 [ — i i I i i
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-20 0 20 40 60 80 100
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FIGURE 3. Total costs and effects of vaccination against pneumococcal pneumonia in The Metherlands.

A health production function describes the total health gains and the total costs or
savings sternming from the introduction of a medical intervention at various scale
levels. In the case of vaccination against pnenmococcal pneumonia, it is assumed that
all individuals eligible for vaccination are indeed vaccinated, so that factors such as
accessibility, awareness or acceptability, which are known to limit the number of
individuals undergoing a medical intervention in practice® are disregarded here.

It should be noted, however, that the costs saved or incurred, as shown in Figure 3,
may fall partially within the budget of the decision makers responsible for the
vaccination programme and partially in other budgets for the health care sectors. The
figure demonstrates that the total costs and total health effects from vaccinating all
individuals in The Netherlands above the age of 65 years come to ~ ECU 19 million
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and 12,000 life-years respectively. Vaccinating those above the age of 85 years
seems to be a cost-saving intervention and it yields more than 3,000 life-years.

we conclude that, allowing for some uncertainty regarding key variables such as the
vaccine efficacy and the hospital admission rate, vaccination of all individuals above
the age of 65 years is in terms of cost-effectiveness comparable to many existing
health care interventions. The vaccination of individuals above the age of 55 years
with chronic lang disease or chronic heart disease is similarly attractive from an
economic point of view, as is the vaccination of individuals above the age of 65 years
with diabetes mellitus.

We would like to thank Pastéur Merieux MSD for their financial support. We would
also like to thank G.J. Ligthart, G.B.W.E. Vos, J F.M. Metsemakers, and V.
Coenen, for their advice and contribution to this project.
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CHAPTER 7

SUMMARY

This chapter examines the reporting of cost-effectiveness resulls to policy makers.
Theoretically it can be proven that an optimal allocation of resouwrces within g
constrained budget can be reached by considering cost-effectiveness ratio’s (CERs).
In this chapter the complex priorify selling process regarding compatible and
incompatible alternatives of medical interventions is clarified. Priority sefting in the
context of compatible alternatives may refer fo the selection of more than one,
possibly all alternatives. Inherent 1o a set of incompatible alternatives is that only one
alternative can be selected. This later situation frequently occurs in health care. The
value that society attaches to a unit of effectiveness (eg a QALY) has an imporiant
impact on the priovity ranking of medical interventions. By explicaiing this value and
by using the ‘net-value’ approach, a graphical framework is presented thar allows
decision makers a better understanding on the impact of particular levels of these
values on their optimal policy choices. For illustrative purposes, It is shown that by
the erroneous application of decision rules, some recent papers have provided sub-
optimal recommendations for health care policy. This study shows the imporiance of
adequately reporting results to policy makers. The main finding of the study is that
researchers should present not only cost-effectiveness ratios, but should also report
costs and effectiveness separately in order to allow an assessment of the impact of the
value that sociery attaches to a unit of effectiveness.



REPORTING RESULTS

INTRODUCTION

Economic evaluations are performed primarily to inform decision makers about the
relation between the costs and benefits of new and existing technologies.'” This
article clarifies the complex priority setiing process regarding compatible and
incompatible alternative medical interventions. Alternatives of medical interventions
are said to be compatible if more than one alternative, and possibly all alternatives,
may be selected. Alternatives are said to be incompatible if only one alternative can
be selected. ‘Incompatible’ alternatives have also been called ‘mutally exclusive’,
‘competing” or ‘interdependent’ alternatives.”* This situation frequently oceurs in
health care, e.g. regarding decisions with respect to the intensity or age-limit of
screening Or vaccination programs.

Considering the large number of alternatives possible, the priority setting process
regarding compatible and incompatible alternative medical interventions requires
sophisticated techniques such as algorithms and may result, due to its complexity, in
erroneous decisions. In this paper, a graphical framework is presented that allows a
better understanding of the complex decision making process. The framework
recognises the problent that the value that society attaches to health outcomes (e.g. a
QALY) is not known. The uncertainty with regard to this cut-off value between
acceptable and unacceptable interventions heavily complicates optimal decision
making in health care. It will be shown that alternative values may lead to differences
in priority ranking.

For illustrative purposes, some recent articles are evaluated using this framework to
see whether the insights presented here could have influenced the conclusions reached
in these studies. The analytical framework will also be used to deal with a decision
making problem known as the ‘Rittenhouse Dilemma’.’

THE DECISION RULES FOR OPTIMAL DECISION MAKING

There is a vast body of literature that addresses various issues on the interpretation of
results from economic evaluation. The traditional approach to the mathematical
solution of the maximisation of output when constrained by a fixed budget is to use
linear programming.® Attention has also been paid at the impact of indivisibilities of
incompatible programs in the presence of a constrained budget’, or at the importance
of assuming constant marginal cost and benefits™ which would require the technique
of integer programming. In all approaches it is shown that a Pareto optimal allocation
of resources can be achieved if perfect information is available on the incremental
costs and benefits of all interventions, and on the value that society attaches to health.
If such an allocation is achieved it is technically impossible to produce more output
within the available budget.'""*
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However, a major obstacle to the optimal allocation of health care resources is that
the value that society attaches to health (or: a unit of effectiveness) is unknown. In 3
Pareto optimal allocation, this value determines the least cost-effective intervention
which is to be implemented. In the literature, this value has also been referred to as
the ‘willingness to pay’, ‘cut-off” level of permissible cost or ‘acceptable cost’ per
unit of effects. The term used in this article is ‘maximum Cost Effectiveness Ratio’
(CERmax). In the context of expressing units of effectiveness in QALY's, this implies
that the CERmax becomes the monetary valge of a QALY. Weinstein proposes a
number of approaches to estimate the values that society attaches to eg QALYs but
refrains from reporting explicit figures.” Laupacis et al.” suggest that the value for a
QALY probably lies between $20,000 and $100,000: their approach, however, is
subject to major criticism." As will be shown, uncertainty regarding this value
heavily complicates decision making and may effect the priority ranking of health
care interventions.

The impact of aliernative values of CERmax on decision making in case of
compatible alternatives should be distinguished from that in case of incompatible
alternatives. Optimal decision making in the context of compatible alternatives
implies the ranking of programs from the lowest to the highest CER. Programs are
selected from this rank as long as resources are available. This implies that there is a
relation between the available resources and the value of CERmax. Given a fixed
budget a certain level of CERmax will result. Otherwise, if the value of CERmax
would dominate the allocation process this would lead to a certain budget.

Optimisation in the case of incompatible alternatives is a more complicated process.
Inherent to a set of incompatible alternatives is that only one alternative can be
selected. To facilitate decision making, procedures have been developed as that by
Kamlet” or Weinstein”®, which are rather complex and consists of an iterative
procedure. The rule is to rank alternatives of programs according to their costs. A
less effective more costly alternative is said to be strongly dominated by a more
effective less costly alternative, and should never be accepted. For the remaining
alternatives, the incremental CER for each successively more costly alternative (e.g.
incremental cost per incremental gain in QALYs) should be calculated. If any of
these incremental ratios turns out to be less than the previous one in the sequence of
increasingly costly incompatible alternatives, then the more costly is ruled out by
weak dominance (also called exiended dominance), and it should never be
implemented irrespective of the amount of resources available.

This algorithm results in a sequence of programs with increasing incremental CERs.
The optimal decision rule is to implement the alternative with the highest incremental
cost-effectiveness ratio that is equal or below the value society attaches to a unit of
effectiveness, CERmax. Next, the selected alternative - derived from a set of
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incompatible alternatives - is to be considered as a compatible program and needs to
be rank ordered, on the basis of average CERs, with other compatible programs.
Another, less well-known, approach to priority setting is the ‘net-value’ approach.
Instead of determining incremental CERs to identify the optimal alternative within a
set of incompatible alternatives, net values are calculated.®'*"" In this method, the
value of CERmax is used to calculate the monetary value of the benefits (number of
QALY multiplied by CERmax) of a certain alternative. The net benefit can be found
by subtracting the cost from the (monetary) benefits. The aliernative with the highest
net value is the optimal one. Next, this alternative is considered as a compatible
program which 1s rank ordered among other compatible programs. Subsequently, the
rule is to select programs from this rank list until the average CER of a program
equals CERmax. Both approaches - the algorithm and the net-value - lead to the
selection of the same alternative as optimal. However, the latter approach allows us
to show explicitly the influence that various values of CERmax have in the priority
setting process regarding compatible and incompatible (alternatives of) programs.
This approach provides the basis of the graphical framework. In this framework,
alternative values of CERmax are applied to show its impact on priority setting. It
should be recognised, however, that these values are not based on any theoretical or
empirical findings.

In the analysis, the paradigm as defined by Weinstein® is applied; this includes the
assumptions that all programs are divisible and have constant returns o scale.
However, in situations of indivisible projects and a binding resource constraint, the
opportunity cost of the selection of an alternative should take account of both the
direct opportunity costs of the resources required for this alternative and the uses of
residual resources foregone by choosing that alternative. In other words, as the size
of the alternative chosen increases, the optional uses of residual resources become
increasingly restricted and the opportunity costs of marginal resources increase’,
However, in the present framework, as stemming from the paradigm, the opportunity
costs of resources are assumed constant. This is reflected by applying a single
CERmax when considering incompatible alternatives of different costs.

THE METHODS OF ISOQUANTS

The graphical framework is explained by the following example derived from
Kamlet.® Consider costs and effects of seven incompatible alternatives for
implementing the same hypothetical intervention (Table 1). These costs and effects
are graphically presented in Figure 1, in which the numbers refer (o the alternatives
mentioned in the table. The question to be answered is: Which alternative represents
the best choice?
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TaBLE 1. Incremental costs (5) and sffects (QALY) of incompatible alternatives

Health interventions Costsin $ Gairtin QALYs
0 (status quo) 0 0.0
4 40,000 40
2 60,000 2.0
1 80,000 30
5 60,000 50
6 100,000 75
3 110,000 70
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FigURE 1. The isoquant method. Isoquants based on CERmax = $20,000

In the figure various isoquants are drawn, representing interventions with the same
net-value. The isoquant representing CERmax is starting at the origin and includes
all possible combinations of costs and effects that yield a CER equal to CERmax. A
flat line indicates a relative low value of CERmax, a steep line indicates a relative
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high value of CERmax. The other isoquants are drawn parallel to the line that
r‘eﬂ;resems CERmax and comnect all possible combinations of costs and effects with
the same net value. Alternatives located on isoquants below the CERmax-line
indicate alternatives that yield more effects for the same costs or alternatives that
yield the same effects for less costs; these alternatives thus represent positive net
values. Simultaneously, alternatives located on isoquants above the CERmax-line
indicate negative net values. A relatively large distance between an isoquant and the
CERmax-line means a relatively high net value, either positive or negative.

To identify the alternative with the highest net value, strongly and weakly dominated
alternatives can be identified first. Graphically, strongly dominated alternatives are
located north-west of another alternative (the latter representing lower costs and
more effects). Weakly dominated alternatives are located north-west of an imaginary
line between two other alternatives (dominated by a more costly alternative that has a
lower incremental CER in the sequence of increasingly costly alternatives). Having
eliminated the strongly or weakly dominated alternatives, it is possible to focus on
the remaining alternatives. These remaining alternatives form the ‘south east’
boundary of the total set of inconipatible alternatives and can easily be identified
directly in a graph. The optimal choice among these remaining alternatives depends
on the value of CERmax and is to be determined by drawing isoquants crossing the
remaining alternatives. The optimal alternative is located on the isoguant
representing the highest net-value. Note that also in this approach, as in existing
algorithm®™"'®, the alternative is selected with the highest incremental CER equal to
or below CERmax. Moreover, also in this approach alternatives with incremental
CER higher than CERmax will never be selected as optimal.

In the example, alternatives 1 and 2 are strongly dominated by alternative 4 because
they consume more resources while vielding less benefits. The same applies to
alternative 3 which is strongly dominated by alternative 6. Alternative 5 is weakly
dominated by alternative 6 because it is located above the imaginary line between
alternative 4 and 6: the incremental CER of alternative 6 is lower than that of
alternative 5, taking alternative 4 as a base case. Consequently, alternative 4 and 6
establish the south-east-boundary of the total set of alternatives. One of the
aliernatives should be selected as optimal. By drawing isoquants parallel to a line
through the origin and with slope CERmax ($20,000 per QALY), alternative 6 can
be identified as the optimal alternative.

The optimal alternative can also be determined merely by the last step of the above
described procedure: determining which alternative is located on the highest
isoquant. However, because the choice of the optimal alternative heavily depends on
the value of CERmax, it is more appropriate to focus on all the alternatives along the
boundary. For example, a CERmax of $13,000 per QALY implies a relative flat
CERmax-line that will lead to the selection of alternative 4 (alternative 4 has an
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incremental CER of $10,000 which is the highest CER among the remaining
alternatives below the CERmax). Note that alternative 6 is only to be selected if
CERmax is higher than its incremental CER of about $17,000 per QALY . In general
it can be stated that the optimal choice is the one where CERmax is higher than the
incremental CER of the next best alternative.,

The graphical approach, as presented in the above, may be used to determine the
optimal alternative in a set of incompatible alternatives. The method can also be
applied in situations where compatible and incompatible alternatives are mixed. In
that case, the optimal alternative from each subset of incompatible projects should
first be determined: all other alternatives from the subset may be disregarded.
Consider again Figure 1 in which alternatives 1 to 6 refer to six incompatible
alternatives of one intervention, and in which alternatives A and B refer to two
incompatible alternatives of another intervention. As discussed above, respectively
alternative 6 and alternative B are to be selected as optimal alternatives (alternative A
is strongly dominated by alternative B because it consumes more resources while
yielding less benefits). Next, these two alternative should be considered ag
compatible alternatives. The compatible alternatives are to be prioritised according to
their CERs, which implies that alternative B should be rank ordered first.

The isoquant method can be easily performed and can reduce the complications
involved in choosing between numerous alternatives across various interventions,
thereby avoiding the need to calculate many incremental CERs. The decision making
process may be eased by projecting all the alternatives in a graph and determining,
visually, the alternatives on the south-east boundary. The optimal alternative is then
selected by working out the effect of various values of the CERmax, which can be
done using the isoquants method.

EXAMPLES FROM RECENT LITERATURE

The methodological framework developed above will be applied to some examples
from recent literature. It will be shown that by applying this framework, and by
recognizing the importance of CERmax, conclusions can be drawn which differ from
those stated in the papers concerped. Furthermore, it will be shown that the
information relevant for policy making is often not presented. The economic
evaluations of tuberculin screening'”, gastric cancer screening™, mammography
screening® and the treatment of peptic ulcers™ will be discussed in some detail. It
should be noted that this analysis is not intended to question the resulis of these
studies, but to discuss issues which could cause decision makers to derive the wrong
implications from these results.
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Tuberculin screening

{n this study, the CERs of both single tuberculin screening and more frequent
wberculin screening are considered for different age groups.” Note that these
alternatives are incompatible and that from the total set, only one alternative can be
selected as the optimal one. In total 20 CERSs are reported.

First, the optimal decision regarding ‘single’ screening and second, the optimal
decision regarding more frequent screening will be identified, by considering the
value of CERmax. Subsequently, the optimal alternative from these two will be
selected. In Figure 2 the CERs are presented, as published in the study. For
illustrative purposes only, in the figure the alternatives, belonging to a certain subset,
e.g. ‘single screening’, are connected with each other.

80 — S e
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0 50 100 150 200 250 300 350 400
Gain in QALY

FIGURE 2.  Costs and effects of tuberculin screening. Isoguants based on CERmax
= $50,000 per QALY

Figure 2 shows that all alternatives regarding single screening above the age of 40
years are on the same slope, indicating that these alternatives are more or less
equally cost-effective: only the scale of costs and effects varies. The figure reveals
furthermore that single screening at ages below 33 years is strongly dominated by
single screening at the age of 35 years: this can be concluded from the north-west
position of these alternatives relative to single screening at age 35 (these alternatives
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cost more but vield less benefits). Thus this part of the analysis, regarding single
screening, can be restricted to screening alternatives above the age of 35 years.
Single sereening programs at ages 60, 65 and 70 years are weakly dominated, as
these extensions are located north-west of the line between the points indicating
single screening at age 50 and at age 75.

Two other subsets of alternatives for more frequent screening are presented in the
study. The figure shows that screening at both ages 20 and 50 years is weakly
dominated by screening at ages 20, 50 and 70 years, taking alternative ‘single
screening’ at age 35 as reference alternative. Screening every 20 years and every 10
year are not strongly nor weakly dominated and should be considered as possible
candidate for the optimal solution. The selection among the remaining alternarives
establishing the south-east boundary depends on the value of CERmax, which
determines the location of the isoquants. If CERmax equals $ 50,000, as shown in
the figure, single screening at the age of 45 will be selected as optimal.

In the paper it is concluded by the authors that ‘tuberculin screening about the age of
50 years is as cost-effective as many other accepted interventions and therefore
should be introduced’. Based on the additional analysis above, which makes the
effect of the CERmax explicit, we arrive at the same conclusion if CERmax is about
$40,000. However, we would suggest that tuberculin screening should not be
accepted where the CERmax is lower than $30,000. If CERmax is about $50,000
then screening once in a lifetime at the age of 45 or 50 years is the best strategy.
Furthermore it is concluded that ‘if further research would approve certain
hypotheses, more intensive forms of screening become attractive’. However, our
analysis shows that screening at ages 20, 50 and 70 years will only be chosen if the
CERmax equals its incremental CER which equals $294,017 per QALY!

Screening on gastric canger

This study determines the costs and benefits of three different strategies (indirect X-
rays, direct X-rays and endoscopy) for detecting gastric cancer, using modeling
techniques. ™ Average CERs are presented for both men and women and for
mierventions at four ages (40, 50, 60 and 70 years). For men aged 50 years, for
example, the average CER for a program using indirect X-rays (versus normal care)
is about $10,000, for direct X-rays it is $30,000, and for endoscopy $27,000. The
programs for gastric cancer screening for the various types of patients (age and
gender) are compatible alternatives, but within each such program three strategies
are to be considered as incompatible alternatives: e.g. selecting screening by indirect
X-ray for example excludes screening by direct X-ray or endoscopy.

According to the method of identifying the optimal alternative discussed above,
situations of strong and weak dominance should first be identified.
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FiGure 3. Costs and benefits of gastric cancer screening

This, however, requires separate information on the costs and benefits of the various
alternatives which is not reported in the study. Suppose that screening by indirect X-
ray saves 0.5 life year for $3,000. Screening using direct X-ray is located
somewhere on the line representing all interventions that have a cost-effectiveness of
$30,000 per life year saved e.g. at point A, producing 0.33 life year for $10,000, or
point B, producing 1.5 life years for $45,000 (Figure 3). In case screening using
direct X-rays is represenfed by point A, this alternative 15 strongly dominated by
screening using indirect X-rays. Possibility B, however, is not strongly or weakly
dominated, and could be considered as an optimal alternative, depending on the
CERmax. The study concludes that indirect-X rays are a better alternative than the
other two screening techniques, for every age group and for both men and women.
Our hypothetical analysis shows that this conclusion, being based on average CERs
rather than incremental CERs, might be inaccurate. It is evident that an optimal
solution cannot be derived without explicitly considering the value of CERmax.
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Mammography screening

This study calculates the costs, effects, and CERs, for different mammography
screening strategies, according to age and frequency (Table 2).*' The alternative
screening schedules considered in this study are essentially incompatible alternatives:
choosing one strategy implies that all others are excluded. However, a closer look at
the alternatives reveals another problem. Some alternatives consists of other
schedules plus an extension. For example, schedule B is the same as schedule A
(biennial screening between age 50 and 79), but includes an annual screening
between age 40 and 49. The choice of which age groups should be screened has to
do with compatible alternatives, where as the question how frequently the screening
should be applied, has to do with incompatible alternatives. The presentation of
alternatives in such a way complicates optimal decision making. The alternatives are
graphically presented in Figure 4. Figure 4 shows that alternatives D, F and G are
strongly dominated by alternative B. Alternative C is weakly dominated by E
hecause of its location above the imaginary line between alternatives B and E.

TasLE 2. Cost-effectiveness of different strategies for mammography screening

Schedule Age Frequency Costs of Years of fife Cost per year
screening($)  saved of life saved®

A 50-79 Biennial 1,120 0.07 16,000

B 40-49 Annual 1,915 0.1 20,200
50-79 Biennial

C 40-64 Annual 2510 0.1 25,000
65-79 Biennial

D 50-79 Annual 2,212 0.09 25,600

E 40-79 Annual 2,972 0.1 27,100

F 40-49 Biennial 2,550 0.08 31,200
50-79 Annual

G 40-49 (high risk) Annual 2,583 0.81 31,900
40-49 {normal risk) Biennial
50-79 Annual

aj cosls per life year saved are rounded to the nearest $100

This reduces the set of possible candidates to the south-east boundary in the graph:
alternatives A, B and E. Assuming a CERmax of $30,000 per QALY implies that
alternative A has a slightly higher net value than alternative B. Note that this is the
alternative with the highest incremental CER ($16,000 per QALY) which is below
CERmax.
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FisURE4.  Costs and effects of mammography screening. Isoguants based on CERmax
= $30,000 per life year saved

It is suggested in the study that it is relatively cost-effective to screen women
between the ages of 40 and 50 years (alternative B) and that such an intervention
should be considered. Probably, this conclusion is based on the average CER rather
than on an incremental analysis. Regarding its incremental CER, this intervention is
only optimal if CERmax is higher than about $ 32,000 per QALY. For optimal
decision making and to inform policy makers adequately, alternatives should be
presented as ‘mutual exclusive’. Extensions of programs to more costly alternatives
should be analysed separately, provides a better understanding of the increase (or
decrease) of costs and benefits.

Treatment of peptic ulcers

This example broadens the perspective to alternatives that combine cost savings with
health gains. Furthermore, in this example the effects of the different strategies are
not expressed in QALY or life years saved, but in another effect parameter: disease-
free periods (in weeks). The study produces the results in terms of the costs and
benefits of eight drug treatments of peptic ulcers, which can be considered as
incompatible alternatives.”® All results are compared with the alternative of
maintenance ranitidine. The study identifies eight incompatible strategies, of which
five combine cost savings with health gains. No optimal strategy is suggested in the
study. However, Figure 5 reveals that because of strong dominance the number of
refevant strategies can be further reduced 1o three.
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Ficure 5. Costs and benefits of treatment of peptic ulcer. Isoguants based on CERmax
= $100 (monetary value of disease free week)

These include: ) RAN-BMT (ranitidine-bismuth triple therapy), 2) O+A+M
(omeprazole, amoxicillin and metronidazole therapy) and 3) O+C+M (omeprazole,
clarithromycin and metronidazole therapy). These 3 alternatives together form the
south-east boundary of alternatives. The isoquants in the figure are based on the
monetary value of a disease free-period of 1 week which is assumed to be $ 100. The
figure shows that alternative B is the optimal choice under this condition. If the value
of a disease-free week is lower than $37.70, alternative A has the highest net value
and is optimal. Alternative C is selected as the optimal strategy if the CERmax
exceeds $140. Although it may not be easy to put a value on a unit such as a disease
free week, this should not be a reason for neglecting its importance. At the very leasl
the impact of various values should be made clear to decision makers,

The Rittenhouse dilemma

The approach developed in this paper can also be used to deal with the ‘Rittenhouse
dilemma’.™"" In this dilemma, it is recognized that it is sometimes difficult to
determine on theoretical grounds whether a certain element should enter the
denominator of the CER (as a negative benefit) or the nominator of the CER as a
cost factor. This choice will influence the ratio and should therefore affect the
attractiveness of the intervention to be studied. The resulting CER, and therefore
possibly the conclusion could be different. “Thus, the two methods are substitute but
not equivalent methods, and neither has any particular claim for accuracy or
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Jegitimacy. More important is the fact that other interventions may now be ranked
subper:iﬂr to or inferior to this one, depending on how the quality adjustment is carried
out’.” This dilemma is illustrated using the example shown in Table 3. It can be seen
that the CER with regard to intervention B changes as a consequence of the
procedure applied. (Intervention A, showing no change in CER, is a special case, as
is discussed below).

TaBLE 3. Two methods for freating negative health effects in CER (negative health effect of 0.048 QALY equals

$50")
Intervention A Intervention B
Cost $ 1,000 $ 10,000
Health Gain in GALYs 0.952 0.952
CER {(treated as cost factor] $ 1,050 (= § 1,000/ 0.952) $ 10,500 (= § 10,000/0.952)
CER {treated as benefit factor) $ 1,050 (= $ 1,05011) $ 10,050 (= § 10,000 + § 50)1

As noted, the distinction between compatible and incompatible alternatives is vital
when choosing optimal alternatives. For incompatible alternatives, the attractiveness
should be based not on average CERs but on incremental CERs - which can be
considered as identical with the net value. Rittenhouse recognizes that net value is
not affected by treating a benefit as a cost factor and vice versa. Therefore it can be
concluded that the attractiveness or priority sequence of the (incompatible)
alternatives will not be influenced by the decision to treat an element as a cost or as a
benefit. In the graph, this means that the alternatives remain on the same isoquant no
matter which procedure is applied. This is further illustrated for interventions A and
B in Figure 6. In the example it is assumed that $50 is equal to a health utility
decrease of 0.048 (measured, for example in QALYs), which means that the value of
a QALY is $1,041.67. This amount represents the CERmax in this specific case, and
enables us to draw the isoquants. If a cost factor is treated as a negative benefit,
interventions A and B move along the isoquants, but remain on the same isoquant. In
this specific example intervention A lies on the zero-isoquant: the net value for this
specific value of a QALY is nearly zero, which is why the CER remains constant.
Intervention B appears to lie on a lower isoquant and has a negative net value for this
value of CERmax. This shows that for the incompatible alternatives A and B, the
attractiveness in terms of net value remain the same whichever procedure is applied.

In the case of compatible alternatives, however, the attractiveness is determined by
average CERs, which - as has been shown - are subject to change depending on the
procedure applied. If these aliernatives are depicted in a graph it can be seen that, if
some costs are treated as negative benefits, the CER of the alternatives change but
their net values remain on the same isoquants.
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FIGUREG.  The Rittenhouse dilemma. Isoquants based on CERmax = §1,041

Because these isoquants are located parallel to the isoquant with zero net value, this
implies that an alternative can never pass this threshold. An attractive alternative,
producing QALYs at a monetary cost below the CERmax, remains attractive, no
matter how many costs are treated as negative benefits, and vice versa. The priority
sequence of compatible alternatives might change, as Rittenhouse rightly concludes.
Howewver, the conclusion would be that all (compatible) alternatives with CERs
below CERmax should be accepted, which in essence makes the sequence irrelevant.
The inconsistency observed by Rittenhouse and others seems to have no imipact at all
in the case ol incompatible alternatives. In compatible alternatives it is only the
priority of the acceptable interventions which may change, and this does not
influence the resulting resource allocation.

CONCLUSIONS
Economic evaluations are supposed to provide information about the relative
attractiveness of (new) technologies in order to improve decision making about the

allocation of scarce resources. The results of economic evaluations are often
published in the form of ratios, expressing the costs involved to produce one unit of
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effect. Often these results are accompanied by concluding remarks comparing these
ratios with those of established technologies.

The present analysis reveals that policy decisions may be seriously impaired by
misinterpreting cost and effects stemming from various alternatives. The distinction
between compatible and incompatible alternatives as well as the impact of the
CERmax is not aiways recognised. The graphic approach, as suggested in this paper,
may be an aid to a more comprehensive consideration of options. The value
judgments necessary for policy decisions form an integral part of the method, which
enables a detailed analysis of the influence of these values on the resulting allocation
of scarce resources.

The more complex algorithms and optimization techniques can be replaced by a
number of rules. These rules are defined by assuming constant marginal opportumity
costs. We consider this assumption as reasonable regarding the limited impact of
individual medical interventions on total health care budgets. In the case of
compatible alternatives, all alternatives with a CER below the CERmax should be
accepted. For incompatible alternatives, the alternative located on the isoquant that
represents the highest net value should be regarded as optimal. For a mix of
compatible and incompatible alternatives, the optimal alternative within each subset
of incompatible alternatives should first be determined, and then this optimal
alternative should be considered as one of the compatible alternatives. Finally, all
alternatives with CERs below CERmax should be accepted. It has been shown in this
paper that this approach is also adequate in determining an optimal choice between
several cost-saving alternatives.

In economic evaluations, alternatives are often compared with a ‘zero’ alternative,
sometimes called ‘doing nothing’ or “base case’. The exira costs and extra benefits of
the alternatives, as compared to ‘base case’ allermatives, are often used to calculate
so-called incremental CERs. In the case of compatible alternatives this procedure is
correct and adequate, although we would prefer in such cases to use the term
‘average CER’ instead of ‘incremental CER’. In cases of incompatible alternatives,
the use of the term ‘incremental’ where ‘average’ should be applied may mislead
decision makers, since it might appear that costs and benefits are being compared
the next most costly alternative.

Recently, guidelines have been formulated on how to report cost-effectiveness
analyses.” On the basis of the present analysis, a number of additional
recommendations can be formulated. These will assist researchers o report their
findings in a way which allows decision makers to arrive at adequate conclusions.

(1) In addition to reporting the resulting CERs, the costs and benefits of each
alternative should be presented separately. This is especially useful in case of
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incompatible alternatives to allow incremental analysis, if not performed. A graphical
presentation, and analysis, of the results, as proposed above, might be an atiractive
alternative,

(2) The impact of the CERmax should be made explicit in the analysis. Sensitivity
analysis may be applied to reveal its influence on the conclusions, especially where
the CERmax is difficult to anticipate {e.g. in the case of disease-free weeks).

(3} A muually exclusive classification scheme should be used to present data on
costs and effects. CERs for the composed programs can only be determined on the
basis of this disaggrepated information.

The essence of these recommendations is that researchers should present their results
in a way that permits decision makers to derive correct conclusions regarding the use
of medical interventions. A further requirement to bridge the gap between research
and health policy is that more precise estimates should be acquired of society's
maximum willingness to pay for unit of effectiveness (eg QALYS).

It is important to note that, by affecting the value of CERmax, the size of health care
budget (implicitly) determines the optimal set of (alternatives of) medical
interventions. Different societies, with different levels of wealth, could therefore
have different priority rankings in health care. Choices regarding optimal alternatives
of medical interventions should therefore carefully assessed before they are applied
to e.g. less wealthy countries.

Finally, it is obvious that a resource allocation system based purely on cost-
effectiveness does not exists in any country in the world, nor will it exist in the near
future. It is increasingly recognized that decisions about resource allocation should
not be based solely on efficiency criteria, but also on equity considerations. In that
sense the allocation system based on CERs is to be considered as a rather theoretical
framework, bul of increasing importance. If the results of medical technology
assessment are intended to improve the efficiency of the health care system, they
should be presented in a correct way.
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CHAPTER 8

SUMMARY

This chapter proposes a general framework 1o real world designs in economic
evaluation. The chapler identifies the information that economic evaluation should
provide 1o policy makers, so that they may make appropriate and effective decisions.
First, policy makers need cost-effectiveness information that is both internally and
externally valid. The latter aspect is often ignored and refers 1o how relevant the
results are 1o the specific decision making context of the policy maker. Second, policy
makers, like purchasers of care, may want assessments of the overall impact on
budget and health following the adoption of an intervention. This requires a more
aggregate approach than the traditional analyses that are typically individual-
oriented. Against this background, this chapter examines the three main conceptual
designs for economic evaluation: the use of RCTs, observational studies, and
modeling. The chapier identifies a number of options for enhancing the informative
value of economic evaluation studies. Of these options, the use of additional
modeling and observational data seems to be the most promising. To address issues
at the system level, disease modeling or public health modeling is suggested. The
chapter concludes that there is potentially a large role for modeling in economic
evaluation, but that in order to enhance its credibility, more attention should be paid
to validity aspects.
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INTRODUCTION

A wide array of tools is available for measuring the costs and effects of interventions
in health care. However, the large variety of methods, and of their specific
characteristics, make it very difficult for policy makers to assess their
appropriateness for allocation decisions in health care. The ‘gold standard’ today is
still the economic analysis carried out alongside the randomised controlled trial
(RCT). However, confidence in this system is beginning to falter, as we question
whether the results of experimental research provide us with adequate evidence for
our economic decisions regarding health care. In particular, the limited
generalisibility of results from RCT-based economic analysis may seriously restrict
its relevance for policymaking. In situations where RCT-based economic analysis is
not practical or feasible, decision analytic models are used to synthesize the best
available data. There is criticism that many of these models have a ‘black box’ feel
about them, hampering the ability of policy makers to judge their appropriateness
and usefulness for allocation decisions in health care.

In addition, purchasers of care, like budget holders and insurance companies in
Europe or managed care organisations in the US, may want assessments of the full
mpact of new therapies being introduced in a disease or treatment area, rather than
only a rank ordering of interventions by their average or incremental cost-
effectiveness. Such assessments focus on the net impact of an intervention on the
aggregate costs and outcomes of health care delivery for the treatment population.
Such analyses can be carried out from the societal perspective for institutes
representing society, but may also be more confined, e.g. in the case of insurance
companies, to include only costs falling on the company.

Hence, policy makers need a critical assessment of the various methods of economic
evaluation in order to judge their appropriateness for policymaking. To foster
effective policymaking, the shortcomings of the methods should be addressed and
links for adjustments should be incorporated in future economic evaluation research.
Policy makers need economic analyses that provide a somewhat broader perspective
than the individual level. They have to assess the cost-effectiveness specific to their

decision context and the overall or net impact that adoption of a new intervention will
have on costs and outcomes.

This paper begins with an analysis of the informative value of traditional economic
evaluation at the individual level. From a conceptual basis, three different
approaches to economic evaluation are distinguished: economic evaluation carried
out alongside RCTs, economic evaluation based on observational studies, and the
modeling approach to economic evaluation. Next, various aspects of appraising the
net impact of an intervention at the system level are discussed. The paper concludes
with a proposal of a framework which encompasses the various issues related to
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fransposing cost-effectiveness estimates from the individual level to the more
aggregate system level.

This paper does not share the view assurmned by many contributions to economic
evaluation, where study results are supposed to support a fictitious, omnipotent
decision maker who allocates health care resources in order to maximize health for
the whole population. Rather, we recognize that health care is characterised by
pluralism: various actors {providers of care, purchasers of care) independently decide
on planning in health care. Therefore, the requirements of economic evaluations have
to be defined according to the specific needs and decision contexts of the various
policy makers. Analyses at the system level, as designed to support policymaking,
must therefore focus on the differing perspectives of the various policy makers.

ECONOMIC EVALUATION AT THE INDIVIDUAL LEVEL

Ideally, the cost-effectiveness information of interventions intended to foster
policymaking in health care should be valid internally as well as externally. Internal
validity concerns the extent to which an instrument measures what it is intended to
measure.' The issue of internal validity has received much attention in research
concerning the methodology of economic evaluation. There are questions as
whether costs and outcomes are properly measured and valued.® Less attention has
been focussed on the issue of external validity. External validity refers to the extent
to which the results of a study can be generalized to other populations, conditions, or
times.” In this paper, external validity is also labelled as real world relevance. This
concept implies that the results from economic evaluation must be adapted as closely
as possible to the real world, where patients are actually treated. This real world has
been described by Spilker as:

“the manner in which a particular medicine or treatment is usually used, given, or administered {which}
includes an incredible diversity and complexity of faciors that may interact with any medicine or
treatment prescribed and influence a patient’s clinical outcome™.”

In this section, the three basic approaches to economic evaluation are discussed in
terms of their internal validity and their external validity, or real world relevance.

RCT-based analyses

Because of the randomization process, an RCT-based economic analysis avoids the
influence of patient and practitioner attitudes towards the definition of patient groups
and allows an unbiased comparison of groups of patients undergoing the
interventions under study.” Regarding these characteristics, RCTs can be considered
as the optimal vehicle for economic analyses as far as the issue of internal validity is
concerned.
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There are serious doubts about the role of RCTs in relation to the issue of external
validity. Although it is argued that RCT-based analyses inform us in a very precise
situation with great internal validity, they may not provide the answer to our real
world question. That is, RCTs may give a precise answer to the wrong question.’
Four classes of biases can be distinguished which reduce the applicability of RCT-
based analysis to the specific decision making context of a policy maker.” The first
refates to the limited scope that is often associated with RCTs. Bconomic analysis
may adopt a reductionist stance which does not fully account for factors like adverse
effects and interactions with other diseases, and this may bias the cost estimation
involved. For example, assuming smoking is a risk factor for both coronary heart
diseases (CHD) and lung cancer, a reduction in smoking will reduce the incidence of
both CHD and Jung cancer.” An RCT that focuses solely on the costs of an
intervention aimed at CHD, and that ignores any savings stemming from interactions
with lung cancer, will lead to biased estimates of real world costs.”

The second class of biases involves the methodological aspects of RCTs and
questions the real world relevance of the tools with which economic analysts estimate
costs in connection with RCTs. RCTs often have an artificial design, which means
that the cost figures obtained from an RCT may very well deviate from the costs that
would occur in the real world. For example, more safety and efficacy tests are
usually performed in an RCT than in normal medical practice*, which may cause cost
estimates based on RCTs to be higher than might be the case in actual medical
practice.’

The third class of biases relates to the generalizability of the results of an RCT-based
economic analysis. The costs of treatment may well vary depending on which
patients are treated, which physicians treat them and where the treatment takes place.
For example, RCTs are typically conducted in teaching hospitals, which may yield
cost estimates that are relatively high compared to the costs which would be incurred
at non-teaching hospitals. Hospital learning effects may also play an important role.
The first heart transplant procedure performed at a hospital has been predicted to
cost $81,297 in the US. For the twenty-fifth case, the predicted cost is only $35,352,
and for the fiftieth case the cost is $25,458 (31 percent of the original cost).” The
implication is that, over time, costs in the real world may decrease, s0 that an
intervention which is considered to be cost-ineffective based on the figures from an
RCT may very well become cost-effeciive after wider adoption. This is a highly
relevant issue when considering technologies in a very early phase of their life cycle.

The fourth class of bias refers to the definition of results from economic evaluation.
Clinical research tends to define endpoinis as the state of affairs at a fixed follow-up
time, such as the n-year survival rate difference, whereas adequate policymaking
requires endpoints which represent the cumulative lifetime effect. Furthermore,
RCTs often report intermediate clinical endpoints like changes in blood pressure or
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changes in cholesterol level, while quality-adjusted life years can be looked upon as a
good indicator for final outcome in cost-effectiveness analyses.

Observational studies

Observational studies register the actual costs and outcomes of the groups being
compared. Case-control and cohort study designs are types of observational studies
commonly used to make direct comparisons of costs where experimental designs are
not feasible. In case-control studies, the costs and outcomes of a group of individuals
with the characteristics of interest (cases) are compared with the costs and outcomes
of individuals without that characteristic (controls) regarding their previous exposure
to some factor. In cohort studies, individuals are classified according to their
exposure or non-exposure to a disease or intervention and followed forward to track
the costs and outcomes.

The main advantage of the use of observational data compared with the collection of
data through RCTs is that observational data typically represent ordinary medical
practice rather than very selective patient populations or settings. However, there is a
major drawback in that observational data sources contain biases that often render the
results invalid. The validity of observational studies rests heavily on the degree to
which the populations being compared are truly equivalent in all relevant aspects.
For example, the costs and effects of pneumococcal vaccination have been estimated
in the US by means of a cohort study of 762 vaccinated and 1,161 randomly selected
unvaccinated age-sex matched persons using medical and pharmaceutical claims. The
study concluded that the vaccine is efficacious and cost saving for various patient
groups. However, the risk for pneumonia in the vaccine’s group prior to vaccination
substantially exceeded that of the comparison group, which may have confounded the
results. "

In the US, Patient Qutcomes Research Teams (PORTSs) have done extensive work on
the use of vbservational data to address the need for information on the comparative
costs and effects of alternative treatments. To test directly whether it is possible o
use administrative data to make valid comparisons among technologies, the results of
observational studies have been compared with the results of clinical trials. The
results were inconclusive: “Sometimes non-randomised studies will tell you the right
answer, sometimes the wrong answer, and there is no way to tell the difference
without an RCT to determine the true answer”."” Moreover, they found that data
from existing claims and other databases are only rarely sufficiently clear and seldom
show differences of a sufficiently large magnitude to be useful in drawing
conclusions about relative (cost)-effectiveness.'” These findings hamper strategies to
rely solely on observational studies when the cost-etfectiveness for a real world
target group is to be determined.
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Modeling designs

Another option for finding Information on cost-effectiveness in situations where
RCT-based economic analysis is not practical or feasible, is to use decision analytic
models. These models are often used to synthesize the best available data. Input data
for models can be derived from a variety of sources with varying degrees of
scientific rigour. Effectiveness data can be RCT-based, as applied e.g. in the cost-
effectiveness study of the treatment of hypertension”, but can also be derived from
the less scientifically rigorous evidence of observational studies, as applied e.g. in
the cost-effectiveness study of mammographic screening strategies', or can even be
based on expert opinion. Evidence-based medicine approaches and databases can
provide a useful synthesis of knowledge about effectiveness and a good basis for
economic modeling.

Costs data, as an input to models, is often a mixwre of data on resource use (e.g.
length of hospital stay) and data on the assigned (unit} cost or price values (e.g. costs
per hospital day). Measurement of resource use can be based on RCTs, but in
practice is often based on less rigorous scientific assumptions regarding supposed
resource consumption, supported with observational data.”’ Data on the values
assigned to resource use can be retrieved from a variety of sources; the choice does
not affect the internal validity aspects, but is merely related to the external validity of
the model.

The use of models is surrounded by debate. It is argued that the inability to verify
underlying assumptions (e.g. regarding resource use), and the inability o assess the
strength of conclusions based on them, should lead to serious questions about the
internal validity of study findings.""” However, there is common agreement among
health economists that models that integrate scientifically rigorous data from different
studies are fit to be used for policymaking.®'” There have also been studies showing
that decision model results can be validated and adapted once information from RCTS
becomes available, although their primary purpose is to inform decisions before the
trial data emerges.'®

There are also situations where scientifically rigorous data is not available, as it may
not be possible to conduct RCTs due to ethical constraints, time pressures, political
considerations or costs. The use of less scientifically rigorous models has been
allowed by some.' They argue that in medical care, good prospectively derived
clinical and economic data is often lacking and decisions need © be made with
insufficient information. They refer to this as the choice between saying “we do not
know® and ‘what is the best way of bringing together what little we know to best
answer the necessary questions”. However, other authors argue that decision models
are very often used when data are poor, or are based on assumptions that come from
clinicians. This apparently contradicts the reason o model, ie. to replace the implicit
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judgements of clinicians.® They argue that because these models lack internal
salidity, they are not suitable for policymaking.">"”

One important virtue of models relates to the issue of representativeness. As
modeling approaches may apply observational data that may generalize over the site
of care delivery (e.g. teaching versus non-teaching hospital), and patient-level
characteristics (e.g. age, number of diseased vessels), the results can be considered
more relevant o daily practice, in comparison with RCT designs.

THE NET IMPACT AT THE SYSTEM LEVEL

Valid economic analysis at the individual level may not fulfill all of the needs for
adequate policymaking; this may also require information on the net system impact
stemming from the adoption of an intervention. The budget impact - the total costs
falling on an institution or a funding agency - constitutes the constraint by which
policy makers are limited in funding interventions and may therefore have decisive
value for any intervention,”*

In a study on the possibilities for incorporating economic evaluation in the control of
the diffusion of interventions, Rutten and Drummond identify nine different
options.™ In all of these options, the budget impact of the intervention to be adopted
(either talling on the government, the purchaser or the provider) most likely affects
the definition of the regulation. The government’s budget is affected in the case of
planning specialist facilities or specific ‘big ticket’ interventions, in decisions
regarding in- or exclusion from public reimbursement and in decisions regarding
reforming payment schemes for health care institutions. Also, policy decisions on
changing payment schemes for health care professionals, on developing schemes for
reviewing medical auditing and utilization, and on introducing co-payments for
service users affect the governmental health care budget as well. In order to make
adequate use of those options to control the diffusion of interventions, policy makers
should have a clear indication of the consequences of implementing proposed
regulations - consequences on resources used and on those left for other
interventions.  This has been acknowledged, for example, in discussion on
reimbursements for a therapy for sleep disorders; considering the substantial
prevalence of this disorder, introduction of the therapy *..would almest certainly
over-stretch health care resources in most countries.™

Anather regulation, applying cost-effectiveness information to encourage clinical
budgeting within institutions (especially hospitals), mainly affects the institutional
budget. Within the institution, an indication of the total costs stemming from the
regulation (i.e. from the adoption of an intervention) is indispensable in the process
of planning and budgeting for coming years. Finally, purchasers of care may use
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economic evaluation in the context of competitive arrangements in health care. In
itheir decisions on placing contracts for an intervention, purchasers could use cost-
effectiveness information that is most likely to include estimates of the total costs o
be met. These costs are part of a total cost picture that constitutes essential
information in the process of setfing insurance premioms. In the US, the question
central to many managed care organisations is the system impact of the introduction
of a new intervention on the cost and outcomes of treatment delivery.”

Complicating the issue further is the need of policy makers to be informed on the
distribution of costs over time. A patieni-based economic evaluation leaves the
policy maker with only the present values of costs and effects tor a single patient at a
given time. This raises problems for judging the budgetary impact of allocation
decisions in the case of e.g. periodic budgets.” It has been suggested that the choice
to fund an intervention that features cost savings now but incurs more expensive
treatments later should be combined with other treatments that make the best use of
the remaining resources.” Consequently, the differential timing of costs stemming
from the adoption of interventions should be considered in order to foster an optimal
allocation over time at the popnlation level.

THE THREE-STEP APPROACH

A three-step approach is suggested to enhance the informative value ol traditional
economic evaluation (Figure 1). As a starting point, or as a basic requirement,
economic evaluations should be based on an approach that renders internally valid
results. As a second step, the internally valid results should be critically considered
in the context of their real world relevance. As a third step, these results are to be
extrapolated to assess the net impact on the system level. The figure indicates the
approaches which can be used to achieve the successive steps.

Step 1: Deriving internally valid results

To successfully distinguish between the cost-effectiveness of interventions under
scrutiny, the first condition economic evaluation has to meel is internal validity. As
noted above, the RCT is the only available instrument in health care research that
generates internally valid results, and therefore constitutes the only acceptable basis
of any economic evaluation study. Effectiveness parameters should be estimated by
this vehicle. Also, patient specific data on resource utilization, i.e. the physical
quantities, should be obtained through an RCT. The assignment of values or (unit)
cost figures to these quantities of resources can be applied by so called ‘micro-
costing”™ or “‘grc»s:s—u:)s;timg“.2 Micro-costing refers to the valuation of each resource
consumed by the patient. What is sought in using gross costs is a satisfactory
estimate of the ‘typical’ costs of the service.
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INTERNALLY VALID COST-EFFECTIVENESS
INFORMATION AT THE INDIVIDUAL LEVEL
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INFORMATION ON THE NET IMPACT 3
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FIGURE 1. A three-step approach to enhance the informative value of economic analysis

Both approaches may render internally valid results, while the latter has the benefit
that its results are more generalizible to other setiings.

RCT-based economic analyses comply with the requirements for internally valid
economic evaluation studies. Maddels that are based on RCT-evidence on
effectiveness and resource use, but that have otherwise assigned costs, also meet the
requirements. Economic observational studies, and economic models that are not
based on RCTs for data on effectiveness and resource use, cannot be accepted as
rigorous economic evaluations.

Step 2: Warranting the real world relevance of results

This second step concerns the concept of real world relevance and implies that
results from economic evaluation must be adapted as closely as possible to the real
world, where patients are actually treated. This step implies the consideration of
contexi-specific factors like the various procedures considered in the economic
evaluation, and specific physician, hospital and health care system characteristics.
Also, indications of possible levels of non-compliance and their impact on costs are
important in this regard. Furthermore, future developments that may have an impact
on the cost-effectiveness of the intervention under scrutiny should be considered. An
analysis at the more aggregate level may also be required to include those factors
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that cause the cost-effectiveness to vary with the number and type of patients who
are medically eligible for an intervention.

This second step is relevant to modeling approaches to economic evaluation, but
especially for RCT-based economic analyses because of their artificial character.
Similarly, many features of this step also apply when study results from other
countries are to be considered in decision making. There are various approaches to
increase the real world relevance of cost-effectiveness estimates.

Check-lisi. One option for enhancing the real world relevance of economic
evaluation is to encourage researchers involved in economic evaluation to report
their findings in such a way that policy makers can make an assessment of the
relevancy of these results in their own context. Working through checklists is one
approach to this problem.” A checklist can highlight various issues that researchers
and policy makers should take note of in realizing a high real world relevance of
results from economic evaluations. In the checklist approach, analysis of the resulis,
interpretation, and the forming of conclusions are left (almost) entirely to the policy
maker. Recently, a checklist analysis was performed to assess the internal and
external validity of trial results for deciding on the use of two allernative treatments
for acute myocardial infarction within the context of a hospital. The analysis was
found to be characterised by great uncertainty on the cost-side of the analysis in
particular, stemming from the mutual influence of various interfering factors.”
Accordingly, a checklist approach alone may not be sufticient to guide decisions.

Sensitivity analysis. The application of sensitivity analysis is closely related to the
checklist approach. By applying sensitivity analysis to those factors that seem to
most affect cost-effectiveness in the real world, and by screening the range of
parameters relevant to the specific decision context, policy makers can assess the
specified impact. This requires not only one-way sensitivity analysis, but also multi-
way sensitivity analysis to show the mutual impact of alternative values for several
factors. Although such analyses may contribute to the informative value of the
economic evaluation in question, the specific context of the various policy makers
may be difficult to address in detail.

Use of observational data. As noted above, observational data describe ordinary
medical practice and may therefore encompass a high real world relevance. The use
of observational data to assign (unit) coSts On resource use has been advocated to
substitute cost measurements alongside RCTs.”"" The observational data should be
considered carefully as to whether the characteristics of the patients involved are
comparable to those enrolled in the RCT. The economic evaluation c;)(‘ [m‘ﬂmbvmlyflc
therapy is an example of a study in which observational data are applied to an RCT.V
In this study, estimates drawn from observational databases were used instead of
estimates of unit costs as observed in the trial.*
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Observational study for compararive purposes. One may also use observational
studies w0 compare the results reported in a clinical trial during the investigating
phase of a technology, and the results that occur when the technology is in general
use. Such comparisons might illuminate differences in the efficacy of a technology
under strict conditions and the outcomes borne out in widespread use. However, as
noted, the issue of internal validity is a critical aspect in the use of observational
studies, and should be carefully appraised in this context before strong conclusions
can be drawn."

Monitoring. Various factors may cause the cost-effectiveness of an intervention to
vary over time. The most important determinants in this context, as indicated by the
sensitivity analysis, can be closely monitored to assess their future impact. For
example, in the economic evaluation of pneumococcal vaccination inm the
Netherlands, the average length of hospital stay for pneumococcal pneumonia
appeared to be an important contributor to costs. As the average length has
decreased from 16.2 days in 1988 to 15.1 days in 1993 (entire population), a further
decrease can be expected, which may cause the cost-savings of pneumococcal
vaccination to diminish compared to what was estimated at the time of the study.”’

Additional modeling. As the issue is complex, there may be a need for a more
explicit approach o improve the real world relevance of results from economic
evaluation. Building on the information provided by the checklist approach and the
sensitivity-analysis, and considering the context-specific information, additional
modeling can be used to achieve results that are more informative to policy makers.
Additional modeling facilitates the simultancous consideration of the effects of
different factors that may all affect the cost-effectiveness of an intervention.
Additional modeling also permits the simultaneous application of data on cost figures
and effects from different sources that, in total, may be more relevant to the real
world than those estimated in an RCT. For example, evidence-based medicine can
provide a useful synthesis ol knowledge about effectiveness and a good basis for
economic modeling.™ The flexibility of additional modeling also implies that (unit)
cost estimates relevant for one context can, at least in theory, be replaced by cost
estimates relevant to other (decision making) contexts.

Sometimes additional modeling is applied to supplement RCT-based economic
analyses fo express umits of effects that are suitable for decision making. For
example, additional modeling was found necessary in an economic evaluation
concerning alternative treatments against HIV. As the wrials under scrutiny used
delay of progression to further stages of the disease and to death as clinical
endpoints, these data had to be translated into lives saved to arrive at cost-
effectiveness ratios that could be used for policymaking.”
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Nm‘uml pragmatic M;iqls. The above approaches can only be applied as additional
imstruments to traditional economic evaluation. Some authors suggest using a
completely different approach to economic evaluation: that of 1121@1;;3‘11 pmmﬁﬁc
Hi@ls. These should have both the internal validity (freedom from bias) assa.;ﬁizited
with RCTs and the greater external wvalidity (real world relevancé) typically
assaciated with models.®"” The aim is to evaluate the (cost-) effectiveness of 33111
intervention in real world circumstances that will prevail once the intervention is in
routine use. Ideally, these large scale trials take place in a normal setting (thus
excluding protocol driven costs), involve standard treatment as comparator, h:;lw*e an
extended period of observation, a wide range of outcomes, include a follow-up on all
patients, and have an experimental design. A drawback is that, albeit these trials do
indeed include a number of real world aspects, their generalisibility remains limited
to the (geographical) setting in which they are organised. Moreover, due to high
costs, ethical aspects and a number of practical requirements such as routine
documentation systems, their application will necessarily be limited to a small
number of interventions.

Step 3: Assessing the net impact at the system level

In the third step, assessing the net impact of introducing a new intervention, the net
costs and outcome changes associated with introducing the new intervention must be
estimated. If the intervention will replace other interventions, costs and outcomes
associated with the current situation must be assessed as a starting point. This
requires an overview of treatment practices for the disease area, including
information on the indication criteria of these practices, patient streams, and related
costs and outcomes. Subsequently, the net costs and outcome changes associated
with introducing the new intervention must be estimated. The degree of substitution
must be assessed: to what extent will patients switch from the current therapy to the
newly introduced intervention. The indication criteria of the intervention under
scrutiny are especially important; this determines the number of patients eligible for
the intervention and its diffusion path.

If an intervention is aimed at patients who have not been treated previously,
incidence and prevalence statistics - eventually adjusted for disease stage - seem o
be most important in this context, but must be carefully assessed in light of potential
complicating factors. For example, in the case of an intervention focussing on
several age-cohorts, it should be considered that the treatment of a relatively young
cohort of patients affects the incidence of disease in older cohorts. This affects the
number of patients eligible for the intervention and consequently the budget-impact.

Complementary to the epidemiological factors, the quantitative assessment of pa“gnl
streams involved is complicated further by a bewildering array of socio-economic,
demographic, medical and technological developments. Tugwell  notes tlna{
availability, awareness and acceptability are factors that determine the number of
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people using an intervention.” The aging of the population is the most prominent
example of demographic change, and can be expected to lead to an increased use of
those interventions aimed at the elderly. This has been illustrated, for example, by
the structure of acute inpatient care in Germany.’’ The gradual diffusion of an
intervention to a broader range of indications, following its introduction, is a known
medical phenomenon. This impact on the utilization of an intervention has been
described in the case of laser treatment.” It is perhaps most difficult to assess the
influence of rapid technological progress in health care. Alternative treatments may
be developed that cover parts of the indication-criteria for the intervention under
study, and consequently parts of the total number of patients eligible for that
intervention.

In regard to this third step, there are a number of possible approaches to translate
results, as derived from economic evaluation at the individual level, to the maore
aggregate level. Scenario analysis is a useful tool within these approaches. A
scenario describes how the present situation for a part of the society may be changed
in a particular way in the future by a series of possible developments. The aim of
creating the scenario is to obtain greater insight into the underlying mechanisms and
the ways in which these can be influenced.” Using ‘if-then’ reasoning, large event
spaces Tor wide arrays of assumptions can be detailed to cope with multiple
uncertainties. Scenario-analysis enables the researcher to distinguish various possible
diffusion paths of an intervention following its introduction, including its impact on
total costs at the system level. Scenario techniques can be applied when reviewing
checklists, but also to more complex epidemiologic models, as discussed in the
following section.

Checklist. Just as checklists can be used to facilitate the real world relevance of
results, they can be applied to critically assess the budget consequences of adopting
interventions. Such a checklist would focus on system level issues, like substitution
patterns and patient streams. This approach does not permit the simultaneous
consideration of various issues and may therefore be less suitable for a full
quantitative assessment of a budget impact.

Adding a population component fo models. Simple modeling techniques, like
decision-tree analyses, typically focus on a single intervention in single disease area,
ignoring interactions with other interventions or with other diseases. By adding a
population component to these models, the results can be extrapolated to the system
level. This has been applied, e.g., in the model on the cost-effectiveness of
preumococcal vaccination in the Netherlands, in which the results of the analysis at
the individual level are multiplied by the number of people eligible for vaccination in
the various age groups.”” However, as the primary aim of these models is to describe
the process at the clinical level rather than that at the aggregate level, important
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factors that are related to the latter (e.g. interactions with other diseases or other
interventions) cannot be accounted for systematically.

Disease modeling. In order to examine the net impact at the system level of
introducing an intervention, information is required on the costs and outcomes of
other interventions in the same treatment area, as well as of the imervention under
study. The heart disease policy model by Weinstein et al.™ was a pioneer in this
field. These models may be comprised of modules on the incidence of disease, on
disease development, on patterns of costs of interventions, and on the morbidity and
mortality effects of interventions. Although the models require a strong
epidemiological component, they may very well be clinically based, as are e.g.
maodels on HIV / AIDS.” In those models, the patient is the modeling unit, involving
in-depth assessments of the clinical disease process, including the distinguishing of
several stages of the disease. In merely epidemiologically orientated analyses, patient
groups are the modeling unit. This type of analysis has been applied, for example, in
a study on the cost-effectiveness of voluntary counselling and testing of hospital
inpatients for HIV infection.™

Public health modeling. Modeling across the whole spectrum of diseases, including
costs and effects of all relevant interventions, is one step beyond disease modeling.
This very broad system of modeling, which can be labelled public health modeling,
facilitates analyses of all interactions of the intervention under scrutiny with other
interventions and other diseases (e.g. externalities). The Dutch Integrated Public
Health Model (IVM),” into which disease-specific models on CHD, diabetes
mellitus, HIV, influenza, lung cancer, and rubella are integrated, is one example.
Although this model currently focuses only on health outcomes, future versions will
also include economic modules. With such a modeling design, the full
epidemiological and economic process of an intervention inte a disease can be
described at the system level.”!

Analyses at the system level may take different forms as the need for a policy maker
in health care insurance will be different from that of a policy maker representing
society as a whole. The former requires the inclusion only of costs and outcomes
relevant to the insurance company, and will disregard e.g. co-payments of insureds.
Any interactions with other diseases and interventions are relevant to the insurance
company only if they interfere with their budget or with the health outcomes of their
insureds. Most likely, a complex modeling technique like public health modeling will
not be the preferred approach in this context. On the other hand, policy makers
representing society require an analysis from the societal perspective, which shnqld
ideally include all possible changes in resources and outcomes following the adoption
of an intervention. An adequate analysis may require complex techniques such as
public health modeling. However, for all analysis at the system level, either from the
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societal perspective or from a more confined perspective, reason should be applied
o determine the detail of the analysis.

EXAMPLE: APPLYING THE THREE-STEP APPROACH

In a case study, an RCT regarding benign prostatic hyperplasia (BPH) has been
assessed for its informative value to decision makers.” The three-step approach has
been applied to increase the real world relevance of the RCT's results and to assess
the net impact at the system level. The RCT compares two therapies in terms of
cost-effectiveness: the innovative cost-saving transurethral microwave therapy
(TUMT) versus the standard treatment - transurethral resection of the prostate
(TURP). By additional modeling, cost estimates at the individual level are corrected
for the fact that the RCT is conducted in an academic hospital encompassing large
overhead costs while TUMT is expected to be performed in general hospitals as
well. Furthermore, capacity utilisation of the equipment in daily practice has been
assumed to be higher than the — 25% observed in the RCT. Estimates of these real
world costs turned out to be ~ 28% lower compared to those obtained in the RCT.

The budget impact stemming from the introduction of TUMT has been assessed by
applying scenario analysis. Several scenarios of the future costs of the treatment of
BPH are assessed using real world cost estimates and estimates of the number of
patients eligible for TUMT in the future. The latter involves not only an analysis of
patients who would otherwise have been treated for BPH but includes also a
consideration of patients who - because of the less invasive character of TUMT -
now present themselves for (reatment. Various explicit assumptions regarding
demographical, epidemiological and technological developments resulted in scenarios
that encompass savings of up to US$ 8 mln (1997 values).

This study has given policy makers important information that may have impact on
the policymaking process. The analysis revealed that, because of relatively low
annual equipment costs, the number of centres through which TUMT is provided
atfects total costs at the system level only slightly, thereby indicating no need for a
strong governmental influence. Another important insight is that a possible increase
in the number of men secking BPH-treatment following the introduction of TUMT
will be a major determinant of the total costs of BPH at the system level. This study
has emphasised the feasibility and importance of additional modeling beyond the
results from RCT-based economic analysis. The feasibility of system level analyses
was somewhat limited due to a shortage of adequate epidemiological information.
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DISCUSSION

This paper has made the following points. It has been shown that the three main
conceptual approaches to economic evaluation, RCTs, observational studies and
models, all have benefits and deficiencies as vehicles for providing cost-effectiveness
information to policy makers. Each approach has specific drawbacks which makes it
difficult to rely on any of them solely. Furthermore, the need for information on the
net impact at the system level on costs and outcomes following the adoption of an
intervention is identified. An analytical framework is proposed for enhancing the
informative value of economic evaluation studies.

Table 1 summarises the above discussion by showing the data to be coliected in an
adequate economic evaluation. It has been noted that, as a starting point, any
economic evaluation study should be based on RCT-evidence, at least as far as the
measurements of the effect-parameters and the physical quantities of resources
(resource use) are concerned. Model designs comprising unit cost assignment from
observational data are acceptable frameworks for economic analysis.

TaBLE 1 Data collection for economic evaluation

from RCT from other sources can be either
Effectiveness v - -
Physical quantities of resources v - -
Unit costs / prices - . v
System impact - v -

There are a number of possible approaches (o enhance the real world relevance of
results. The provision of checklists and - closely related - the application of
sensitivity analyses may fall short in quantitatively addressing the various issues. The
use of additional modeling seems to be an adequate option to increase the real world
relevance of results from RCT-based economic analyses. It may be especially useful
to apply observational data on unit cost assignment. Unit costs ot prices that are
relevant to the context of the policy maker may be retrieved from ouiside the RCT.
However, depending on the context of the policy maker, they may also be as
observed in the RCT (Table 1).

Furthermore, as traditional economic analyses are typically confined to assessments
at the individual level, the use of modeling - in extrapolating cost-effectiveness
results, disease modeling, or public health modeling - is indispensable in addressing
issues at the system level. For this level, it is clear that data must be added from
outside the RCT (Table 1). Scenario analysis may be a useful tool for exploring
different paths related to the adoption of an intervention. The choice of a specific
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methodology depends on the level of detail needed to answer the research question.
Whereas fund holders will consider only imierventions and diseases that involve
changes in overall costs to them, instifutes representing society may want (o cover
the whole spectrum of interventions and diseases. Analyses at the system level will
typically be characterised by a lack of (reliable) information. Estimates on the costs
and outcomes of interventions in a certain treatment area will be available only
incidentally as the field of economic evaluation has not yet been applied on a
widespread basis. Furthermore, there will be a high degree of uncertainty with
respect to epidemioclogical factors that may affect cost-effectiveness estimates and the
impact at the system level following the adoption of an intervention.

This uncertainty contrasts sharply with the large amount of detail that is often
associated with economic evaluation in general, and with RCT-based economic
analysis specifically. This shortage of information may very well hinder adequate
allocation decisions in health care. Research on economic appraisal should therefore
also focus on providing accurate information encompassing these factors, rather than
on detailed information from economic evaluation alone.

This paper has established a framework for assessing the scientific rigour of various
approaches 1o economic evaluation. The requirements of an optimal economic
evaluation are defined within this framework. However, this does not imply that
other approaches to economic evaluation cannot be used for policymaking. As noted,
RCTs may not always be feasible due to practical or ethical factors. The narrow
focus of the New England Journal of Medicine,” for example, on the use of RCTs
for economic evaluation bypasses this fact and would imply that cost-effectiveness
information for coverage decisions on certain interventions would never be available.
A more practical approach would suggest that decisions are made on the basis of the
best available data.

The use of modeling in economic evaluation has been called an unavoidable fact of
life.” The increasing need for applying modeling has also been shown in this paper.
Tlhis trend is given further support in recent work on the evaluation of cholesterol-
modifying pharmacotherapy, where a need was identified for giving more weight to
modeling designs, due to the low real world relevance of RCT-based economic
analysis.” However, again in the New England Journal of Medicine, great concern
was expressed regarding the use of (additional) modeling in economic evaluation:
‘Bias can compromise even original scientific studies, but we believe that the
opportunities for introducing bias into economic studies are far greater given the

discretionary nature of model building and data selection in these analyses’.”

The US Food and Drug Administration *' argues that claims about cost-effectiveness

should be substantiated by adequate and well-controlled studies and that models to
provide estimates of pharma-economic parameters should be used only when it is
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impractical or impossible to gather data using adequate and well-controlled studies.
The Australian Government argues that primary cost-effectiveness assessment should
be based on data from the most relevant clinical trials, but that some limited use of
additional modeling can be useful in transferring or generalizing from trial-based
evidence.* That is, they acknowledge that trial-based evidence is the most internally
valid, but may be insufficient for decision making. Their pragmatic approach allows
modelled economic evaluvation in a number of circumstances as a matter of
judgement (e.g. to link intermediate clinical outcomes, to extrapolate outcomes or to
exclude protocol driven resources).

The controversy over models probably stems from the background of economic
evaluation in health care. Although it originated in clinical medicine, which has a
tradition of experimental research, it is also influenced by the field of economics, in
which modeling has long been practised. Furthermore, the increasing role of
economic evaluation, and especially of modeling, in defining health policy, has led
to a more critical approach. In particular the role of pharmaceutical companies, who
apply economic evaluation to influence reimbursement decisions, has recently
received much attention.”” Future research should therefore focus on the role of
modeling in health care, and on enhancing the validity of modeling approaches to
economic evaluation. This will add to the credibility of models in economic
evaluation, and may therefore improve the allocation of scarce resources in health
care. By identifying the need for modeling in health care, this paper has been a first
step in this process.
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CONCLUSIONS

INTRODUCTION

The starting point in this thesis is the recognition of shortcomings in the traditional
approaches to cost-effectiveness analysis. The RCT, often considered to be the gold
standard for economic evaluation, falls short in addressing real world situations, and
fails to address issues at the more aggregate level. Other approaches to economic
evaluation, e.g. modeling and observational studies, can ofterr not be used reliably
for adequate policy making. )

This thesis has discussed the informative value of the various approaches to
economic evaluation for policy makers, and has proposed a methodological
framework to enhance this value. By means of a number of studies, different aspects
of the various approaches to economic evaluation were examined. This chapter
examines the main findings of the studies and places them in the context of the
thesis. However, the general methodological achievements of the thesis, presented in
a methodological framework, are put forward in detail in Chapter 8. In the present
chapter, these findings are assessed in view of the evolution of the methodology of
economic evaluation in the past decades, and directions for further research are
formulated.

METHODOLOGICAL ACHIEVEMENTS

A discussion of the appropriateness of results from RCT-based economic evaluations
for allocation decisions in health care revealed a number of shortcomings (Chapter
2). The study focussed especially on determining the real world relevance of results
from economic evaluation as an additional step towards making results more useful
to policy makers. The identified biases related to either the scope, the applied
methodology or the representativeness of an analysis. Although the study focussed
on the RCT, many of the observations are relevant 1o other approaches ol economic
evaluation as well - to modeling, for example. The chapter discussed options for
limiting the potential confounding influences of these biases, and proposed a
checklist which should be applied by policy makers when using results from
economic analyses in their own decision context and by economic evaluators when
constructing and describing economic analyses. The proposed checklist is probably
only a partial answer to all the problems that decision makers face when mterpreting
results from economic evaluation studies. Although it will certainly help in
identifying individual factors that may confound decision making, it does not allow
an assessment of the mutual impact of several factors.

A detailed analysis of the impact of age in economic analysis was carried out 1o

provide more insight into the potential role of biases (Chapter 3). It was noted that
disregarding age as an important variable in cost-effectiveness analysis may seriously
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bias allocarion decisions regarding health care resources. One reason is that the age
structure in the RCT may be much different from the age structure of the population
in which the intervention wiltl be applied. Another reason is that the age structure of
the targel population may alter over time, due to demographic and epidemiological
developments. The study showed that the allocation of health care resources at the
macro-level is seriously impaired when age is ignored as a variable in cost-
effectiveness analysis, and indicated the need to explicitly consider the impact of age
in cconomic analyses.

Economic evaluators should describe the impact of age, which should then be
considered by policy makers in a control for age effects. It is important to note that
the study focussed only on age as one potential bias in economic evaluation.
However, the concept of the study can also be applied to other potential confounding
factors that are related to patient characteristics. For example, gender or race
characteristics of treated patients may very well have an effect on the cost-
effectiveness of the medical intervention under scrutiny. ldeally, economic
evaluation studies should distinguish various subgroups of patients according to their
most important characteristics and report cost-effectiveness ratios accordingly. The
additional benefits of the analyses must be weighed against the costs of the larger
sample sizes required.

Chapter 4, concerning influenza-related hospitalisations, illustrated another potential
bias in econmomic evaluation, stemming from ignoring interactions with other
diseases. This potential bias was assessed in the context of the cost-effectiveness of
influenza vaccination. To examine the full impact of influenza on hospitalisation in
the Netherlands, not only the number of hospitalisations formally attributed to
influenza were considered, but also those that are otherwise related to influenza. The
study showed that influenza was diagnosed as the main cause for hospitalisation in
only a fraction of these hospitalisations (12%). Ignoring this issue underestimates the
economic attractiveness of influenza vaccination.

This study leads to the conclusion that the conlined perspective of a (raditional
economic analysis, focussing on a single intervention within a single disease, may
very well bias the results. A somewhat wider perspective, which includes the
consideration of interaciions with other interventions and other diseases, may be
necessary to estimate the full impact of an intervention. This requires a framework
that goes beyond that of the traditional clinical trial. The use of regression analysis,
as applied in the iufluenza study, may only partly solve the problem, as this
considers only a single interaction. For a comprehensive approach, the use of
modeling, either disease modeling or public health modeling, may be more adequate
(sece Chapter 8). Of course, such an approach is necessary only when the expected
impact of the interactions is relatively large.
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In a study on the economic impact of the introduction of transurethral microwave
Tdmrapy (TUMT) in the treatment of benign prostate hyperplasia (BPH), an approach
is developed to enhance the informative value of RCT-based economic analyses
(Chapter 5). The study combined results from an RCT-based economic asmﬂwié on
TUMT with observational data to get a more realistic view of the economics Qspecl:s
following the introduction of TUMT. Scenarios were constructed to explore the
possible paths of the diffusion of TUMT in the treatment of BPH. The analysis lead
to important conclusions on the overall impact of TUMT. It revealed that the
organisation of providing TUMT hardly affects costs at the system level, and also
made ciear that the most important determinant of the total costs of BPH-treatment is
an increased demand for BPH-treatment following the introduction of TUMT.

The approach in the study under scrutiny can also be applied to RCT-based
economic analyses of other medical interventions. The study shows that modeling
techniques, when applied in addition to RCT- based economic evaluation, can be a
useful tool to enhance the real world relevance of results from RCT-based economic
analyses. The availability of unit cost prices that are representative for the decision
making context is a necessary condition. Furthermore, additional modeling has
proven to be effective in transferring results from the individual level to the
aggregate level. Depending on the analysis® required level of detail, this may either
imply simple extrapolation of data, or more complex public health modeling (see
Chapter 8). In all cases, this transposition requires insight into the paiterns of use of
medical interventions before the introduction of a new treatment, and the substitution
of these interventions following the new treatment’s introduction. In the assessment
of the substitution effect, the definition of indication criteria for the new treatment -
which is difficult to assess a priori its introduction - plays a pivotal role. The
performance of modeling in addition to an RCT-based economic analysis may seem
a labourious activity, but the gains in terms of better informed decision making - as
also shown in the present BPH-study - may very well be worth the effort.

The use of models as a substitute for RCT-based economic analysis is illustrated in
the study on the cost-effectiveness of pneumococcal vaccination in the Netherlands
(Chapter 6). A model design was chosen because of the limited feasibility of
carrying out an RCT-based economic analysis on pneumococcal vaccination,
considering the large sample size required for effect detection. Using a decision-tree
framework, the study suggested that vaccination of all individuals above the age of
65 years, in terms of cost-effectiveness, is comparable to many existing health care
interventions.

However, the model does not provide strong evidence of cost-effectiveness due 10
the uncertainty of a number of model assumptions. Most important, assumptions on
the effectiveness of pneumococcal vaccination are based on observational studies
alone, while RCTs on pneumococcal vaccination have so far not shown proof of
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effectiveness, possibly due to the small sample sizes involved. Because of this lack
of strong evidence on effectiveness, one should be very careful when interpreting the
results of this smdy. Further experimental research on the effectiveness of
pneumococcal vaccination may be necessary before policy on pneumococcal
vaccination can be defined.”” Such experimental research is very costly because of
the large sample sizes required, and it is not likely to be carried out in the future.

Therefore, we have chosen another approach to prove the cost-effectiveness of
economic evaluation of pneumococcal vaccination in current research. The approach
recognises that although RCTs of pneumococcal vaccination have not (yet) proven its
efficacy against all pneumococcal pneumonias, they do show its efficacy against a
small subgroup (~ 10%) of all pneumococcal pneumonias: the invasive infections. A
model on the cost-effectiveness of pneumococcal vaccimation against invasive
infections alone will receive more credibility than the existing model given this proof
of efficacy. We reason that if the econmomic atiractiveness of pneumococcal
vaccination has been proven against the invasive infections alone, pneumococcal
vaccination will certainly be economically attractive when all infections are
considered.

Some findings from this study on the feasibility of modeling in economic evaluation
can be generalised to research in other intervention and disease categories as well.
An important observation is that models whose core assumptions are not based on
scientifically rigorous (RCT) evidence, are not capable of demonstrating cost-
effectiveness of the medical interventions under scrutiny. As several national
guidelines on economic evaluation suggest, these studies are not sufficienily
grounded (o be used as the basis for decision making.*’ Exceptions should be made
for those interventions for which RCT-based evidence is not available due to ethical
or practical reasons.

Chapter 7 clarified the complex process of setiing priority regarding compatible and
incompatible alternatives of medical interventions. It is noted that setting priority in
the context of compatible alternatives may refer to the selection of more than one,
possibly all alternatives. In a set of incompatible alternatives, only one alternative
can be selected. The value that society attaches o a unit of effectiveness (e.g. a
QALY) has an important impact on the priority ranking of medical interventions. A
framework is presented that allows policy makers a better understanding of the
impact of particular levels of these values on their optimal policy choices. This study
has shown the importance of adequately reporting results to policy makers. The main
finding of the study is that researchers should present not only cost-effectiveness
ratios, but should also report costs and effectiveness separately in order to allow an
assessment of the impact of the value that society attaches to a unit of effectiveness.
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An overview of the methodological achievements of this thesis is presented in
Chapter 8. This chapter elaborates on the research question as stated in the
Introduction: ‘How can economic evaluation studies be prepared to optimally support
policy making?’. The chapter is organised around the sub-questions as identified in
the introduction chapter, and treats them consecutively. It is observed that adequate
policy making requires internally and externally valid cost-effectiveness information.
Also, policy makers such as health care insurers may want assessiments of the overall
mmpact on budget and health following the adoption of an intervention. A
methodological framework is proposed to meet these requirements. 1t is observed
that, as a starting point, RCT-based cost analysis or RCT-based full scale modeling
techniques like decision-tree analysis are the acceptable methods in the design of
economic evaluation studies. To enhance the real world relevance of these
instruments, approaches like the use of sensitivity analysis, checklists, observational
data or additional modeling can be applied. The latter option in particular seems
methodologically attractive. To address issves at the system level, the results at the
individual level are transferred by simple modeling techniques like extrapolation or
more complex techniques like disease modeling or public health modeling. The
paper concludes that there is potentially a large role for modeling in economic
evaluation, but that in order to enhance its credibility, more attention should be paid
to validity aspects.

What is the impact of the methodological achievements of this thesis for the various
actors in the health care field? The suggested approach on reporting age-specific, but
also possibly gender- and race specific cost-effectiveness ratios may provide more
adequate information to decision makers, but may also raise concerns regarding
equity. For example, as noted in Chapter 3, the economic attractiveness of medical
interventions tends to decrease with increasing age. The direct application of this
information into the setting of priority for medical interventions would favour the
young compared to the elderly in terms of the allocation of health care resources. In
this context. the decision maker clearly has an important role in judging this trade-
off between efficiency and equity. It is the role of the economic evaluator, however,
to deliver the necessary information to allow these decisions.

The approach suggested for arriving at cost-effectiveness estimates that are specilic
to the decision making context implies a recognition of cost variation in health care
delivery facilities. For example, it may be noted that costs may depend on physician
experience: at the lower end of the learning curve relatively young physicians may
incur higher costs than their older counterparts. These can be regarded as efficiency
differences. It depends on the type of decision context whether these inefficiencies in
health care provision should be considered when extrapolating results from RCTs: in
an allocation decision context, these inefficiencies should be included to avoid
underestimating the total costs stemming from the use of a medical intervention.
However, in a reimbursement context, o furnish incentives for an efficient
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provisions of medical interventions, these inefficiencies should not be included when
determining the fee levels.

The focus in this thesis on the role of modeling in health care may add to the
credibility of modeling studies financed by the pharmaceutical industry. It has been
siressed that more attention should be paid o the question of how the validity of
models can be enhanced. The pivotal role of RCTs in particular in the application of
modeling in economic evaluation has been amplified. Recognition of the standards
for economic evaluation, with particular attention to modeling, by the pharmaceuti-
cal industry is a necessary condition for influencing reimbursement decisions.

The analyses in this thesis have focussed primarily on the question how to make
results from economic evaluation more useful to the policy making process by
enhancing its methodological tools. However, it should be recognised that enhancing
the real world relevance of results is only one step forward in the process of making
the concept of cconomic evaluation a more valid and credible approach to the
allocation of health care resources. There are many remaining factors that may limit
an unrestricted application of economic evaluation results into decision making.
Whereas this thesis has focussed merely on the cost-side of economic evaluation,
other work has considered the effect-side of economic evaluation. For example,
Bleichrodt * has elaborated on the characteristics and limitations of utilities in the use
ol QALY -type measures in medical decision making, in particular on the aggregation
of individual-based utilities to the population level. Furthermore, there are many
factors in the political decision making process that prohibit the direct use of results
of economic evaluation, Many of these factors are reflected in the efficiency-equity
discussion’, in which the issue of the use of age as a discriminating variable in cost-
effectiveness analyses and consequently in the allocation of scarce health care
resources is most prominent.”

AREAS FOR FUTURE RESEARCH

This thesis has identified a number of areas for future research. First, further
research should focus on the role of the RCT as the primary vehicle for economic
analysis. The specific needs of economic evaluation in the design of RCTs need to be
identified, especially in the context of the external validity of results. For example,
research should examine the feasibility of subgroup analysis within RCTs to increase
the appropriateness of extrapolating results to populations outside the trial. Do the
benefits of such an approach offset the burden of including larger sample sizes?
Closely related is research focussing on the potential of using natural pragmatic
trials. So far, only a small number of such trials have been performed. Additional
studies will provide more information on the possibilities and limitations of this
promising approach.,
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Second, this thesis has identified a large role for modeling in future research in
economic evaluation. Currently, modeling in health care is receiving relatively little
credibility because of its suggested lack of internal validity. This ‘black box’ image
heavily limits its role in policy making. Future research should address the scientific
rigour of modeling, and should develop approaches o enhance the internal validity.
As a starting point, this may be done by defining requirements that appropriate
models should meet in order to be accepted in health care policy making, e.g. on
transparency of design or peer review by experts.

Third, further research should be directed at the role of policy makers. The different
actors using cost-analysis information should be identitied, and their specific needs
should be examined. The issue of system level analyses in particular, as observed in
this thesis, has not yet been thoroughly discussed in research on the methodology of
economic evaluation. However, the growing importance of fund holders in health
care will give rise to an increased demand for impact assessments in the near future.
More attention needs to be focussed on how the specific needs of various policy
makers can be addressed. Currently, economic analysis are typically addressing the
needs of a single specific policy maker. Future research should tocus on designs that
allow the results of economic evaluation to be useful for various kinds of policy
makers.

DEVELOPMENT OF ECONOMIC EVALUATION

How do the conclusions of this thesis relate to the overall development of the
methodology of economic evaluation in health care in the past decades? Figure 1
shows the evolution as described by Rittenhouse.”

Acquisition costs were the first consideration of policy makers regarding health care
costs. Later on, influenced by the tradition of experimental research in the field of
medicine, the RCT was adopted as the gold standard for economic evaluation. Soon,
biases to RCT-based economic analyses were identified. More recently, the US
PORT studies have focussed attention on observational studies. Currently, the
benefits of combining evidence from multiple study designs to reduce bias are being
recognised. The achievements of this thesis contribute to this last step by clarifying
and detailing a number of issues. As a basis for further exploration, the thesis
provides a methodological tmmumrk for identifying the information required for
optimal policy making and also for identifying existing biases in current approaches
to economic evaluation.
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Furthermore, the thesis has elicited the sources of evidence to be used in a
comprehensive approach 1o economic evaluation that will address the needs of
adequate policy making. The potentially large role of additional modeling that has
been identified in this thesis is perhaps the next important step forward in the
evolution of the methodology in economic evaluation.
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SUMMARY

SUMMARY

This thesis has studied the question how economic evaluation can optimally support
policy making in health care. The starting point of the thesis was the idea that
traditional approaches to cost-effectiveness analysis are ofien inadequate for use by
policy makers. The RCT, ofien considered to be the gold standard for economic
evaluation, falls short in addressing real world situations, and fails to address issues
at the more aggregate level. Other approaches to economic evaluation, e. g. modeling
and observational studies, can often not be used reliably for adequate policy making.
By means of a number of studies, different aspects of the various approaches 1o
economic evaluation were examined. The requirements for adequate economic
evaluation studies have been defined, and the various approaches have been tested
against these requirements. This led to the recognition of a number of potential
biases. In a series of individual studies, some methodological approaches to cope
with these biases have been developed. This resulted in the definition of a general
methodological framework on the real world design of economic evaluation.

Chapter 2 consists of a literature review on the potential biases in economic
evaluation. The appropriateness of results from economic evaluation for allocation-
decisions in health care is a point of major concern for decision makers. The chapter
concentrated on the real world relevance of results from economic evaluation as an
additional step towards making results more useful to decision makers. Three classes
of biases were examined. The first relates to the limited scope that economic analysts
sometimes choose in RCTs. The second class involves the methodological aspects of
RCTs and questions the real world relevance of the tools with which economic
analysts estimate costs on the basis of RCTs. The third class concerns the
representativeness of RCT results, i.e. the generalizability of these results and their
usefulness in other treatment contexts. The chapter discussed options for limiting the
potential confounding influences of these biases and proposed a checklist which
should be applied by policy makers when using results from economic analyses in
their own decision context and by economic evaluators when constructing and
describing economic analyses. This will enhance the relevance of the results of
economic evaluation in decision making and improve the information basis for actual
allocation decisions in health care.

Chapter 3 examined the impact of one specific bias in policy making based on
economic evaluation: the impact of age. First, at the clinical level, the relation
between age and the cost-effectiveness of medical interventions was analysed.
Second, at the population level, a framework was presented which allows
researchers and decision makers to assess the impact of these effects on the decision
making process. It is shown that the allocation of health care resources at the macro-
level is seriously impaired when age is ignored as a variable in cost-clfectiveness
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analysis. Because clinical trials typically employ ‘voung® populations, when the data
is extrapolated to the whole population the attractiveness of medical interventions in
terms of cost-effectiveness may be considerably overestimated. Furthermore, the
cosl-effectiveness ratio may vary across countries or over time as a result of
demographic or epidemiologic variation. Economic evaluators should describe the
impact of age, which should then be considered by decision makers to control for
age effects.

Chapter 4 analysed the consequences of disregarding a potential confounder in
economic evaluation, stemming from ignoring interactions with other diseases. This
potential bias has been assessed in a study on influenza-related hospital admissions in
the context of the cost-effectiveness of influenza vaccination. Influenza infection is
associated with significant morbidity and mortality. Previous research has shown that
large number of deaths in the Netherlands can be attributed to influenza. The
purpose of this study was to examine the impact of influenza on hospitalisation in the
Netherlands. Two methods were applied to estimate this effect: a) regression
analysis and b) comparison of hospitalisation in epidemic years with non-epidemic
vears. Hospital discharge rates in the period 1984-1993 have been considered. The
study shows that, during the period studied, on average, almost 2,700 people were
hospitalized for influenza per annum and that influenza was diagnosed as the main
cause for hospitalisation in only a fraction of these hospitalisations (326: 12%).
From an economic perspective, these results imply that the cost-effectiveness of
vaccination against influenza may be severely underestimated when looking only at
the changes achieved in the number of hospitalisations attributed to influenza.

Chapter 5 reports on a study on the economic impact of the introduction of
transurethral microwave therapy (TUMT) in the treatment of benign prostate
hyperplasia (BPH). In the study, an modeling approach is developed to enhance the
informative value of RCT-based economic analyses to policy makers. The approach
combined resuits from an RCT-based economic analysis on TUMT with
observational data to get a more realistic real world view of the economics aspects
following the introduction of TUMT. Furthermore, analyses at the system level were
performed to assess it budget impact. Several scenario’s were constructed,
including a baseline scenario, demand scenarios reflecting the mumber of men that
will be treated by TUMT following its introduction, and supply scenarios reflecting
the number of hospitals that will provide TUMT following its introduction. The
analysis lead 1o important conclusions on the overall impact of TUMT. It revealed
that the organisation of providing TUMT hardly affects costs at the system level, and
also made clear that the most important determinant of the total costs of BPH-
treatment is an increased demand for BPH-treatment following the introduction of
TUMT. The study showed that modeling techniques, when applied in addition to
RCT-based economic evaluation, can be a useful tool to enhance the real world
refevance of results from RCT-based economic analyses. Furthermore, additional
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modeling has proven to be effective in transferring results from the individual level
to the aggregate level.

Chapter 6 reports on the use of models as a substiute to RCT-based econormic
analysis of pneumococcal vaccination. The latter is not considered feasible due to the
large sample sizes required. For various age cafegories, the economic attractiveness
of the vaccination of all individuals as well as the wvaccipation of only those
individuals with a specific disease has been calculated. It was concluded that,
allowing for some uncertainty regarding key variables such as the vaccine efficacy
and the hospital admission rate, the vaccination of all individuals above the age of 65
years seems comparable in terms of cost-effectiveness to many existing health care
interventions. However, because of the uncertainties, the model does not provide
strong evidence of cost-effectiveness. The chapter concludes with the observation
that, in general, models whose core assumptions are not based on scientifically
rigorous (RCT) evidence, are not capable of demonstrating cost-effectiveness of the
medical interventions under scrutiny.

Chapter 7 examined the reporting of cost-effectiveness results to policy makers.
Theoretically it can be proven that an optimal allocation of resources within a
constrained budget can be reached by considering cost-effectiveness ratio’s (CERs).
In this chapter the complex priority setting process regarding compatible and
incompatible alternatives of medical interventions has been clarified. Priority setting
in the context of compatible alternatives may refer to the selection of more than one,
possibly all alternatives. Inherent to a set of incompatible alternatives is that only one
alternative can be selected. This latter situation frequently occurs in health care. The
value that society attaches to a unit of effectiveness (eg a QALY) has an important
impact on the priority ranking of medical interventions. By explicating this value and
by using the ‘net-value’ approach, a graphical framework has been presented that
allows decision makers a better understanding on the impact of particular levels of
these values on their optimal policy choices. For illustrative purposes, it has been
shown that by the erroneous application of decision rules, some recent papers have
provided sub-optimal recommendations for health care policy. This study has shown
the importance of adequately reporting results to policy makers. The main finding of
the study is that researchers should present not only cost-effectiveness ratios, but
should also report costs and effectiveness separately in order to allow an assessment
of the impact of the value that society attaches (o a unit of effectiveness.

Chapter 8 proposed a general framework (o real world designs in economic
evaluation. The chapter has identified the information that economic evaluation
should provide to policy makers, so that they may make appropriate and effective
decisions. First, policy makers need cost-effectiveness information that is both
internally and externally valid. The latter aspect is often ignored and refers to how
relevant the results are to the specific decision making context of the policy maker.
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Second, policy makers, like purchasers of care, may want assessments of the overall
impact on budget and health following the adoption of an intervention. This requires
a more aggregate approach than the traditional analyses that are typically individual-
oriented. Apainst this background, this chapter examined the three main conceptual
designs for economic evaluation: the use of RCTs, observational studies, and
modeling. The chapter identified a number of options for enhancing the informative
value of economic evaluation studies. Of these options, the use of additional
modeling and observational data seems to be the most promising. To address issues
at the system level, disease modeling or public health modeling is suggested. The
chapter concludes that there is potentially a large role for modeling in economic
evaluation, but that in order to enhance its credibility, more attention should be paid
to validity aspects.

In Chapter 9, some conclusions are drawn. Most important is the observation of
shortcomings in the traditional approaches to economic evaluation, and the
suggestion to pay more attention to (additional) modeling in health care as potential
useful approach to control for biases. However, before modeling is ready for ifs
enhanced status, its credibility among policy makers should be carefully addressed.
As a starting point, this may be done by defining requirements that appropriate
models should meet in order to be accepted in health care policy making, e.g. on
transparency of design or peer review by experts. The thesis concludes with the
observation that the potentially large role of additional modeling that has been
identified in this thesis is perhaps the next important step forward in the evolution of
the methodology in economic evaluation.
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Bi]ﬂﬂﬁﬂ de gezondheidszorg dienen zich voortdurend veelbelovende nieuwe medische
interventies aan. In het verleden werden veel van deze interventies alleen op basis
van evaluaties van aspecten als werkzaamheid en effectiviteit toegepast. Wanneer
deze interventies ook geévalueerd worden op basis van hun economische aspecten, is
het mogelijk te achterhalen welke interventie maatschappelijk gezien de meest
aantrekkelijke is. Economische evaluatie van interventies in de gezondheidszorg is
een vrij recent fenomeen, en het belang ervan groeit. Door middel van economische
evaluatie worden kosten en effecten van medische interventies met elkaar
vergeleken, om zodoende te bepalen welke interventies de beste resultaten geven in
verhouding tot de kosten.

In dit proefschrift staat de vraag centraal hoe economische evaluatie het beleid in de
gezondheidszorg optimaal kan ondersteunen, en zo kan bijdragen aan een verbeterde
efficiéntie in de gezondheidszorg (hoofdstuk 1). Uitgangspunt is de onderkenning
van tekortkomingen in de huidige vormen van economische evaluatie, waardoor deze
neit helemaal geschikt zijn voor beleidsmakers. De gerandomiseerde klinische trial
(RCT), die vaak gezien wordt als de gouden standaard van kosten-
effectiviteitsanalyse, levert veelal resultaten op die niet representatief zijn voor de
dagelijkse praktijk, en die moeilijk generaliseerbaar zijn. In dit proefschrift wordt
deze problematiek aangeduid met een lage real world relevantie van de resultaten.
Daarnaast levert een op RCT-gebaseerde economische evaluatie vaak geen
informatie over de budget-impact als gevolg van de invoering van een medische
interventie. Andere benaderingen van economische evaluatie, zoals het gebruik van
modelering of observationele studies, worden vaak bekritiseerd vanwege hun lage
validiteit. In dit proefschrift werden aan de hand van een aantal studies de
verschillende benaderingen van economische evaluatic nader onderzocht. De
vereisten voor optimale economische evaluatie werden gedefinicerd, en de
verschillende benaderingen werden aan de hand hiervan gedvalueerd. Dit heeft
geleid tot de identificatie van een aantal mogelijke biases (vertekeningen) binnen de
uitvoering en het gebruik van economische evaluatie. In een aantal studies zijn
mogelijke methodologische benaderingen voor de interpretatie en/of het voorkomen
van deze vertekeningen ontwikkeld. Dit heeft geresuleerd in een algemeen
methodisch raamwerk voor economische evaluatie.

Hoofdstuk 2 bestaat uit een literatuurstudie over de mogelijke vertekeningen in
economische evaluatie. Dit hoofdstuk richt zich met name op de real world
relevantie van resultaten van economische evaluatie. Er worden in dit hoofdstuk drie
verschillende soorten vertekeningen behandeld. De cerste is gerelateerd aan het
beperkte blikveld van economische evaluatie: economische evaluaties richten zich
vaak op één bepaalde interventie binnen één bepaald ziektegebied, zodat interacties
met andere interventies of ziektes worden genegeerd. De tweede heeft te maken met
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de methodische aspecten van economische evaluatie. De derde soort vertekening
heeft betrekking op de generaliseerbaarheid van resultaten. In dit hoofdstuk wordt
besproken hoe de invloed van deze mogelijk vertekeningen te beperken is, en er
wordt een checklist gegeven die door beleidsmakers gebruikt kan worden bij de
interpretatie van resultaten van economische evaluatie en door onderzoekers voor het
ongwerpen van een economische evaluatie.

In hoofdstuk 3 wordt de invloed van leeftijd als een mogelijke vertekenende factor in
economische evaluatie besproken. Op klinisch niveau is de relatie tussen leeftijd en
kosten-effectiviteit van medische interventies onderzocht. Daarnaast is op populatie-
niveau een raamwerk ontwikkeld waarbinnen beleidsmakers de invloed van de factor
leeftijd kunnen interpreteren. Omdat klinische trials vaak relatief jonge individuen
includeren zal de aantrekkelijkheid van de mterventies in termen van kosten-
effectiviteit overschat worden wanneer de data geéxtrapoleerd worden naar de gehele
populatie. Daarnaast kan de kosten-effectiviteit variéren tussen landen en over de tijd
heen, als een gevolg van epidemiologische verschillen. Onderzoekers zouden daarom
de invloed van leeftijd moeten rapporteren, zodat deze geinterpreteerd kan worden
door beleidsmakers.

In hoofdstuk 4 worden de gevolgen van een andere mogelijke vertekening in
economische evaluatie geanalyseerd, die voortkomt uit het negeren van interacties
met andere ziektes. Deze vertekening is onderzocht in een studie naar influenza
gerelateerde  ziekenhuisopnames in de context van de kosten-effectiviteit van
influenzavaccinatie. Influenza-infecties gaan gepaard met veel mortaliteit en
morbiditeit. Eerder onderzoek heeft aangetoond dat een groot aantal doden in
Nederland- welke niet gediagnosticeerd zijn als veroorzaakt door influenza - wel
degelijk gerelateerd zijn aan influenza. Het doel van de huidige studie was het
aantonen van e invloed van influenza op het aantal ziekenhuisopnames in
Nederland. Twee methoden werden hiervoor gebruikt: a) regressie analyse, en b)
vergelijkingen van het aantal ziekenhuisopnames in epidemische jaren met niet-
epidemische jaren. Voor de studie werden gegevens over ziekenhuisontslagen in de
periode 1984-1993 gebruikt. De studie toont aan dat jaarlijks gemiddeld bijna 2.700
personen zijn opgenomen in het ziekenhuis als gevolg van influenza, maar dat deze
ziekte in slechts 12% wvan de gevallen als hoofddiagnose genoemd wordt. In
ceonomisch perspectief betekent dit dat de kosten-effectiviteit van influenzavaccinatie
onderschat wordt indien alleen gekeken wordt naar de ziekenhuisopnames die ook
daadwerkelijk gediagnosticeerd zijn als influenza.

In hoofdstuk 5 wordl een studie besproken over de economische gevolgen van de
invoering van transurethrale microgolf therapie (TUMT) in de behandeling van
benigne prostaat hyperplasie (BPH). Deze studie is uitgevoerd aan de hand van een
RCT-gebaseerde econnmische evaluatie trial waarin TUMT vergeleken wordt met
transurethrale resectie van de prostaat (TURP). Door middel van modellering
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werden m de studie de resultaten van de trial gecombineerd met gegevens uit
qbsewwatmnele studies om een real world beeld te krijgen van de gevolgen van de
invoering van TUMT. Daarnaast werd een analyse op het meer geaggregeerde
niveau uitgevoerd om de budget-impact te schatten. Diverse scenario’s werden
geconstrueerd, waaronder een baseline scenario, verschillende vraag-scenario’s
betreffende het aantal mannen dat behandeld zal worden met TUMT na d;; invoering,
en verschillende aanbod-scenario’s betreffende het aantal centra’s dat TUMT zal
aanbieden na de invoering. De analyses leidden tot opvallende conclusies. Het bleek
dat de belangrijkste determinant van de totale kosten van TUMT het aantal mannen
is dat zich aanbiedt voor behandeling. Daarentegen heeft de organisatie van het
aanbod van TUMT nauwelijks invioed op de totale kosten. Vanuit methodisch
gezichtspunt is gebleken dat modelicer technicken, additioneel aan een RCT-
gebaseerde economische evaluatie, nuttig kunnen zijn om de real world relevantie
van de resultaten te bevorderen. Daarnaast is additioneel modelleren nuttig gebleken
om resultaten van het individuele naar het geaggregeerde niveau te extrapoleren.

Hoofdstuk 6 handelt over het gebruik van modellen als substituut voor een RCT-
gebaseerde economische evaluatie van pneumokokkenvaccinatie. Gezien de grote
benodigde onderzoekspopulatie is het uitvoeren van deze laatste vorm van evaluatie
erg lastig. Met behulp van een beslisboom zijn voor verschillende vaccinatie-
strategieén de verwachte veranderingen in medische kosten en gezondheidseffecten
geschat. Op basis hiervan zijn kosten-effectiviteit ratio’s berekend. Met inachtname
van onzekerheid ten opzichte van verschillende veronderstellingen in het model,
werd geconcludeerd dat op basis van de economische aspecten, pneumokokken
vaccinatie van ouderen boven 65 jaar, en van patiénten met chronische long- of
hartziekten boven 55 jaar, aantrekkelijk is. Gezien de onzekerheden geeft het model
geen hard bewijs van kosten-effectiviteit. In het hoofdstuk wordt geconcludeerd dat
modellen die belangrijke veronderstellingen gebruiken die niet gebaseerd zijn op
RCT-bewijs, in het algemeen niet geschikt zijn om kosten-ctfectiviteit aan te tonen.

In hoofdstuk 7 wordt de rapportage van kosten-effectiviteitsratio’s aan beleidsmakers
besproken. Theoretisch kan bewezen worden dat een optimale allocatie van middelen
binnen een beperkt budget bereikt kan worden door gebruik te maken van kosten-
effectiviteitsratio’s. In dit hoofdstuk worden de complexe beslisregels aangaande
compatibele en incompatibele alternatieven van medische interventies verhelderd.
Het stellen van prioriteiten in de context van compatible alternatieven omval de
selectie van één of meerdere alternatieven en zo mogelijk alle alternatieven. Inherent
aan een set van incompatibele alternatieven is dat slechts één alternatief gekozen kan
worden. Dit laatste is vaak aan de orde in de gezondheidszorg, bijvoorbeeld bij
screeningprogramma’s. De waarde die de gemeenschap toekent aan cen eenheld van
effectiviteit (b.v. een QALY) heeft ecn belangrijke invioed op de prioriteitsstelling
van medische interventies. Door het expliciteren van deze waarde, en het gebruik
van de ‘netto-waarde’ methode, is een grafisch raamwerk ontwikkeld dat voor
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beleidsmakers e¢en hulpmiddel kan zijn bij het alloceren van middelen. Ter illustratie
zijn enkele recente studies besproken waarin, door het foutief toepassen van de
beslisregels, sub-optimale conclusies zijn getrokken. De studie laat het belang zien
van een correcte rapportage van resultaien van economische evaluatie. De
belangrijkste uitkomst is dat onderzoekers niet alleen kosten-effectiviteitsratio’s
moeten presenteren, maar ook afzonderlijk kosten en effecten moeten rapporteren
om zo de invloed te kunnen interpreteren van de waarde die de gemeenschap aan een
eenheid effectiviteit toekent.

In hoofdstuk 8 wordt een algemeen raamwerk voorgesteld voor de economische
evaluatie van gezondheidszorginterventies. De informatie die economische evaluaties
in het ideale geval zouden moeten leveren aan besluitvormers wordt omschreven.
Ten eerste hebben besluitvormers behoefie aan informatie die zowel intern als
extern valide is. Dit laatste aspect wordt vaak genegeerd, en heeft betrekking op de
toepasbaarheid van de resultaten op de specifieke besluitvormingscontext van de
beleidsmaker. Ten tweede willen beleidsmakers, zoals inkopers van zorg, informatie
over de impact van de invoering van een interventie op kosten en gezondheid op het
geaggregeerde niveau. Ten aanzien van deze eisen worden in dit hoofdstuk de drie
belangrijkste benaderingen in economische evaluatie geévalueerd: het gebruik van
RCTs, modellen, en observationele studies. Het hoofdstuk bespreekt opties om de
informatieve waarde van economische evaluatie studies te verhogen. Van deze opties
zijn het gebruik van additioneel modelleren en van observationele gegevens de meest
veelbelovende. Voor het extrapoleren van gegevens naar het geaggregeerde niveau is
disease modeling of public health modeling mogelijk. De conclusie van dit hoofdstuk
luidt dat er een potentieel grote rol voor modelleren is weggelegd binnen
economische evaluatie. Daarvoor is het noodzakelijk dat er aandacht besteed wordt
aan validiteitsaspecten.

In hoofdstuk 9 worden de belangrijkste conclusies van.dit proefschrift besproken. Dit
zijn de erkenning van tekortkomingen in economische evaluatie, en de identificatie
van de rol die (additioneel) modelleren zou kunnen spelen om de inviced van die
tekortkomingen te beperken. Voordat modelleren op grote schaal toegepast kan
worden binnen economische evaluatie moet met name de geloofwaardigheid hiervan
onder beleldsmakers verhoogd worden. Om te beginnen kan dit gedaan worden door
richtlijnen op te stellen waaraan geschikte modellen moeten voldoen, bijvoorbeeld ap
et gebied van (transparantie van ontwerp of peer review door experts. De
belangrijkste conclusie luide dat de potentieel grote rol van modelleren, zoals
geidentificeerd in dit proefschrift, mogelijk een belangrijke stap verder is in de
evolutie van de methodologie van economisch evaluatie.
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