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CHAPTER 1 

INTRODt:CTION 



Ill 1.1 BACKGROUND 

Due to medicalisation, ageing of the population, and technological and pharmaceutical devel

opments, \-\!estern countries have been confronted with a rapid increase in the costs of health

care during the last decades. The armamentarium of the medical profession has grown 

enormously and medications have become available for diseases for which, until recently, 

treatment was not possible. These developments coincided with increasing pressure on 

budgets of national governments and the awareness that limits must be set to the growth of 

the costs of healthcare. Instead of the automatic influx of new technologies, the need arose 

to assess these technologies in terms of their costs and benefits in order to decide upon reg

istration, reimbursement and pricing (Boer, 2002). These developments have led to a signif

icant increase in the number and variety of economic evaluations in health care. Economic 

evaluations have been performed for many different kinds of health technologies, including 

organ transplantation, diagnostic devices and treatment with medicines. Economic evalua

tions \Vere either performed alongside prospective randomised controlled trials, as stand

alone studies based on retrospective data, or as modelling studies incorporating economic 

and clinical data from a variety of sources. \,Vith the increase of studies, several authors have 

expressed their worries about the quality and comparability of these economic evaluations. 

The incomparability may not necessarily be a problem as long as differences in outcomes 

reflect real differences with regard to the setting, aim or perspective in which the study is per

formed. However, it is clear 'that some of the observed differences in cost-effectiveness have 

more to do with study methodology than with the performance of the therapies being evaluated' 

(Drummond, 1994). Badia eta!. reviewed six economic evaluations of hepatitis B vaccina

tion programs in Spain and found numerous discrepancies between studies that were not 

related to their aim. They concluded that 'this kind of heterogeneity ought to be minimised, 

otherwise evaluations of the same problem in the same setting could produce different results, 

undermining their impact on the decision-maker and even the credibility of the evaluations' 

(Badia et al., 1997). Based on a review of 45 economic evaluations conducted alongside clin

ical trials, Barber and Thompson concluded that 'there is an urgent need to improve the sta

tistical analysis and interpretation of cost data' (Barber and Thompson, 1998). Graves et al. 

examined the quality of the cost methods of the same 45 economic evaluations and found 

these methods to be of poor quality, stressing the need for greater rigour by stating that 'no 

amount of statistical analysis can compensate for inadequate costing methods' (Graves et al., 

2002). Jacobs and Bachynsky reviewed 48 economic evaluations performed in Canada and 

concluded that biases occurred in most studies and most cost categories (Jacobs and 

Bachynsky, 1996). 

To meet the shortcomings of economic evaluations, many authors have argued for more 

standardisation of the methodology of economic evaluations. Drummond et al. have identi

fied three motivations for standardisation in order to: 1) maintain the scientific quality of 

studies; 2) facilitate the comparison of results of economic evaluations for different healthcare 

interventions; and 3) assist in the interpretation of results from setting to setting (Drummond 

et al., 1993). These calls for more standardisation have resulted in numerous methodological 

papers, standard textbooks, good practice recommendations and checklists for researchers 
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and reviewers for conducting and assessing studies in health technology assessment (HTA). 

Methodology has been proposed for many aspects of economic evaluations including the 

measurement and valuation of health outcomes and costs, the statistical analysis of uncer~ 

tainty about costs, effects and the cost-effectiveness ratio, and the use of modelling studies. 

The call for more standardisation has also been accommodated by the development of 

national guidelines for (pharmaco) economic evaluations in many Western countries (see for 

instance: http:/ /"www.ispor.org/PEguidelines/index.asp ). Hjelmgren et al. classified these 

guidelines into three broad groups: 1) formalised guidelines as a requirement prior to reim

bursement; 2) informal guidelines as a recommendation prior to reimbursement; and 3) guide

lines for health economic methods that are intended for use in discussing and improving 

methodology in health economic evaluations (Hjelmgren et al., 2001). All these guidelines 

mainly consist of a set of recommendations about the basic principles of economic evalua

tions. These, for instance, involve the perspective from which the study should be performed, 

the choice of the outcome measure that should be used, the discounting of costs and effects, 

and whether to include costs outside the healthcare sector. Nevertheless, for many aspects 

guidelines provide only global guidance and many areas still lack consensus about method

ological standards (Johnston et al., 1999 ). 

Ill 1.2 MEASUREMENT AND VALUATION OF COSTS 

The measurement and valuation of costs are essential components of every economic eval

uation. In empirical studies, costs are usually determined by measuring the use ofhealthcare 

resources of individual patients, and multiplying their resource use with estimates of prices 

of these resources. The measurement and valuation of resource use have been shown to vary 

widely across studies. Examples are legionary. Some studies have restricted the collection of 

resource use data to costs within the hospital, whereas other studies have included all inpa

tient and outpatient costs. Many studies differ with regard to the inclusion of patients' costs 

and of costs outside the healthcare sector. The valuation of resource use may have been based 

on list charges used to reimburse hospitals, or on detailed calculations of unit costs. Often, 

the observed differences cannot be related to the aim of the study. Based on his review of 

national guidelines, Hjelmgren and colleagues concluded that 'fairly good agreement' exists 

about the core aspects of guidelines and that inconsistencies mainly relate to 'the perspective 

of the analysis and the measurement and valuation of costs. (_ .. ) Especially the valuation of 

healthcare resources appears to be a difficult problem' (Hjelmgren et al., 2001). 

There seems to be wide agreement about the desirability to standardise the measurement 

and valuation of resource use in order to improve the comparability and generalisability of 

economic evaluations. Including different resource use items or using different prices for the 

valuation constitute a direct obstacle for the comparability of economic evaluations. Health 

outcomes have been standardised by the development of quality of life instruments that can 

be used in different studies of patients with the same disease. The adoption of generic quality 

of life instruments and quality adjusted life years ( QALYs) as outcome measures may even 

facilitate the comparison of studies across settings and diagnoses. Such comparisons are only 

useful if costs can be standardised to the same extent. In order to improve the comparability 
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of economic evaluations, some health economists have wondered whether general or national 

guidelines 'should go deeper in their recommendations, or whether a manual of operational pro

cedures should be written that contains all the specific details that must be taken into consider

ation' (Rovira and Antonanzas, 1995). 

The generalisability of economic evaluations relates to the question to what extent the 

findings of an economic evaluation apply to another setting. Although the question of gener

alisability also applies to studies that have been performed in the same country, the issue 

becomes even more hazardous when a study is performed in another country. VVhereas it 

may often be assumed that the biological effect of a treatment is more or less the same for 

patients from different countries, this clearly is not the case for resource use and costs. Many 

factors that are pertinent to resource use and costs are known to vary across countries. These 

include demography and epidemiology of the disease, the availability ofhealthcare resources, 

variation in clinical practice, incentives to health care professionals and institutions, and dif

ferences in absolute and relative price levels (Drummond, 1994; Drummond et al., 1992). 

Hence, 'standardisation of costs may be much more difficult than standardising clinical measures, 

especially if the participating centres are from different states or countries' (Rizzo and Powe, 

1999) and, clearly, resource use and costs may not be generalised to other countries without 

appropriate adjustment. 

Ill 1.3 EVENT-DRIVEN COSTS 

The nature of resource use and cost data in economic evaluations has led health economists 

to the conclusion that 'the outcomes with which they are concerned are awkward to analyse 

empirically' (Manning and Mullahy, 2001). Day-to-day costs of treatments for many chronic 

diseases, for instance, may consist of regular visits to physicians and other health care pro

viders, diagnostic and prognostic tests to identify and monitor disease progression, and of 

treatment with maintenance medication. Costs of this day-to-day treatment may occur in 

the majority of patients with the same diagnosis and gradually increase with the severity of 

the underlying disease, with only a modest variation between patients. The picture changes, 

however, when the disease is not adequately controlled and a patient suffers a medical com

plication. The occurrence of such medical events may lead to changes in therapy, increased 

numbers of physician visits and acute admissions to hospital. The cost of this event-related 

resource use is often disproportionately high when compared to the cost of day-to-day treat

ment. The typical situation of 'a few patients incurring rare but highly expensive costs and 

many patients having few or no costs' (Briggs et al., 2002) causes the distribution of costs to be 

severely skewed, with important implications for the calculation and analysis of cost data. 

The analysis of skewed cost data has already received much attention. An important fea

ture of skewed data is the inappropriateness of common analytic methods to deal with such 

data. Most methods require a normal distribution to produce valid inferences and only 

sufficiently large sample sizes may relax this criterion. The use of non-parametric rank tests 

should be avoided as they compare the distribution of data in terms of shape and location, 

rather than the mean (Thompson and Barber, 2000 ). Transformation of cost data has been 

discouraged because of problems related to the interpretation of data analysed on a trans-
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formed scale (Briggs and Gray, 1998; Thompson and Barber, 2000 ). Currently, bootstrapping 

seems to be the method of choice for the analysis of cost data (Briggs et al., 1997). However, 

it has recently been shown that with small sample size, the bootstrap may also be non-robust 

to deviations from the normality assumption (O'Hagan and Stevens, 2003). 

Another implication for the analysis of costs is the high variance by which skewed distri

butions are characterised. As many empirical economic evaluations are performed along

side randomised controlled trials powered on some clinical outcome measure, the sample 

size is often not sufficient to detect differences between treatments that are 'statistically sig

nificant' at conventional levels. A review of studies reporting patient-level cost data revealed 

that 'the majority of cost studies identified in this review are grossly under-powered to detect 

any but extremely large differences in cost' (Briggs and Gray, 1998). It has also been shown that 

sample size calculations based on cost-effectiveness outcomes require information about 

many different parameters of which many may be associated with high uncertainty (Al et al., 

1998). The high variance in costs and cost-effectiveness outcomes is one of the driving forces 

behind the concept that an adequate description of uncertainty is more relevant for decision

making than classical hypothesis testing based on some arbitrary threshold of statistical sig

nificance. 

Considering the contribution event-related costs may make to total treatment costs, care

ful consideration should be given to the definition of events and the measurement of event

related resource use. The lack of a uniform definition of events may hinder the comparability 

of clinical outcomes across studies. Estimates of event-related resource use may not apply to 

other settings because of the use of different definitions. This incomparability of results from 

different settings may also affect model-based economic evaluations. Data to populate a 

model are often derived from multiple sources, and uniform definitions of events are a neces

sary condition to combine data about event rates and event-related resource use from these 

different settings. 

IIIII 1.4 INCOMPLETE COST DATA DUE TO PREMATURE WITHDRAWAL 

Many economic evaluations of chronic diseases are based on empirical data collected dur

ing longitudinal studies. Designed as a stand-alone study or nested within a randomised 

controlled clinical trial, the aim is to follow patients over a longer period of time. For each 

patient, data on health outcomes and resource use need to be collected for the entire obser

vation period. In these studies, the occurrence of incomplete data due to premature with

drawal (dropout) of a patient may constitute a serious problem. If for instance resource use 

is measured over 1 year, and a patient decides to withdraw from the study after 9 months, 

data for the last 3 months may be lacking. Patients who withdraw from the study are often 

more severely ill than patients who do not withdraw. Hence, their costs per time interval are 

generally higher than the costs of the non-withdrawals and, in case of a direct comparison 

of different treatments or a treatment with placebo, the withdrawal rate may differ consider

ably between groups. Johnston et a!. identified the 'investigation of methods for handling 

missing and censored data ( . . ) as one of the main methodological issues when there is a lack of 

consensus' (Johnston et al., 1999 ). Surprisingly, little attention has been paid to the problem 



of incomplete cost data in economic evaluations. In the review of Barber and Thompson of 

45 economic evaluations related to randomised controlled trials, 21 (47%) studies did not 

provide any information about the completeness of the data, while three papers reported to 

have no missing data. Of the remaining 21 papers reporting to have missing data, 11 exclud

ed all patients with missing cost data, apparently without any further investigation (Barber 

and Thompson, 1998). 

The limited attention that has been paid to the analysis of incomplete data within eco

nomic evaluations strongly contrasts with other areas. Many different methods for the analysis 

of incomplete data are available, varying from simple methods like case deletion or mean 

imputation to more advanced methods like generalised linear mixed models and multiple 

imputation (Little and Rubin, 1987). All these methods differ with respect to how they com

pensate for the missing data. They also vary largely with regard to the distribution of data and 

the type of dropout they can handle. Up to now it is largely unknown what the impact is of 

incomplete data on the analysis of costs in economic evaluations and how available methods 

for dealing with missing data perform when applied to cost data. 

Ill 1.5 AIM OF THE THESIS 

This thesis deals with the analysis of costs and cost-effectiveness in economic evaluations, 

with applications in chronic obstructive pulmonary disease (coPD). COPD is a chronic, slowly 

progressing, respiratory disorder where the problems of skewed cost distributions and drop

out that is not completely at random have challenged us for quite some time {Rutten-van 

Molken et al., 1994). The economic evaluation of tiotropium in patients with COPD will be 

used as a critical case to illustrate these problems, and to shmv principles and progress with 

regard to the analysis of costs. In addition to the specific aim of each publication, this thesis 

aims to: 

Contribute to the comparability and generalisability of economic evaluations by standardising 

and improving methods for the calculation and analysis of costs. 

Special attention will be paid to the following research areas: 

·the standardisation and comparability of costs in economic evaluations; 

·the generalisability of the results of economic evaluations to other countries; 

·the impact of expensive medical events on the analysis of costs; 

·the analysis of incomplete cost data due to dropout. 

Ill 1.6 THE CASE OF COPD 

COPD is a disease of the respiratory system characterized by slowly progressive airflow limita

tion that is not fully reversible (Pauwels et al., 2003; Siafakas et al., 1995). Characteristic symp

toms of COPD include cough, sputum production and dyspnoea upon exertion {Pauwels et al., 

2003). By 1010, COPD is estimated to become the fifth most common cause of disability and 

the third most frequent cause of death in the world {Murray and Lopez, 1997). Major risk 

factors of coP n include tobacco smoke, occupational dusts and chemicals, and indoor and 
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outdoor pollution. Cigarette smokers have a higher prevalence of respiratory symptoms, a 

greater annual rate of decline in lung function and a greater COPD mortality rate than non

smokers (Pauwels et al., 2003).It has been estimated that So% to 90o/o of all COPD patients have 

a history of smoking (u.s. Department of Health and Human Services, 1990 ). The proportion 

of smokers who develop COPD is not exactly known and estimates have ranged from 15% to 

soo/o (Celli et al., 1995; Lundback et al., 2003). The prevalence of COPD in the Netherlands in 

2000 was estimated to be 24 per woo in men and 15 per woo in women (Hoogendoorn et al., 

2003). Due to the ageing of the population and past smoking behaviour, these figures are 

predicted to increase to 33 in men and 27 in women in 2025 (Hoogendoorn et al., 2003). 

The primary aim of COPD management is to prevent disease progression. Since cigarette 

smoking is the major risk factor for COPD, the first step in the management of COPD among 

patients who are still smokers is to offer smoking cessation counseling, whether or not in 

combination with medication or nicotine-replacement therapy. Smoking cessation has been 

shown to be the most effective way to reduce the risk of developing COPD and to stop its pro

gression (Pauwels et al., 2003). The mainstay of COPD pharmacotherapy is the treatment with 

bronchodilators directed to relieve symptoms and to prevent exacerbations of the disease. 

Tiotropium is a new long-acting anticholinergic bronchodilator for once-daily administra

tion in COPD patients. Randomised controlled trials (RCTs) have shown that tiotropium pro

vided sustained bronchodilation, improvements in dyspnoea and health-related quality of 

life and was associated with fewer exacerbations than placebo and the short-acting anticho

linergic ipratropium ( Casaburi et al., 2002; Vincken et al., 2002). Improvements in lung func

tion have also been shown to be significantly better than with salmeterol, a beta-agonist for 

twice-daily administration (Donohue et al., 2002). To support reimbursement and formu

lary decision-making and guide the positioning oftiotropium in the treatment of COPD we 

analysed the one-year cost-effectiveness of tiotropium prospectively as part of the RCT pro

gram of tiotropium. 

The economic evaluation of tiotropium is a good example of the current state of the art 

of cost-effectiveness analysis, and the analysis of costs in this economic evaluation clearly 

shows the importance of the research areas addressed above. Firstly, due to its chronic nature 

and increasing prevalence, the treatment of COPD may lay a heavy burden on the future 

drug budgets of developed countries. In addition to tiotropium, several new and competing 

treatments may soon become available (Barnes, 2003). Healthcare authorities will be forced 

to decide upon reimbursement of these medications and may need high-quality informa

tion about their costs and effectiveness. Comparability of studies and generalisability of the 

results to other settings and countries will be necessary requirements to facilitate these deci

sions. Secondly, patients with COPD are known to suffer from exacerbations of the disease. 

Exacerbations are characterised by increased symptoms of sputum, cough and dyspnoea 

and patients have reported reduced quality oflife during exacerbations (Spencer and Jones, 

2003). The frequency and severity of exacerbations are related to the underlying severity of 

the patient's cOPD (Andersson et al., 2002; Rodriguez-Raisin, 2000 ). Treatment of exacerba

tions is expensive and is a key driver of the costs of unscheduled care. Hospitalisation for a 

COPD exacerbation may become necessary when initial outpatient exacerbation therapy has 



failed, and failure rates of 12-21% have been reported (Dewan et aL 2000; Miravitlles et al., 

2002). Exacerbation-related hospitalisations and medications are the major cost drivers, but 

it depends on the severity of coPD and the country or region which of the two ranks first 

(Grasso et al., 1998; Hilleman et al., 2000; Jansson eta!., 2002; Miravitlles et al., 2003; Ruchlin 

and Dasbach, 2001; Rutten-van MOlken et al., 1999; Strassels et al., 2001; Sullivan et al., 2000; 

Wouters, 2003). Total treatment costs are disproportionately distributed and a relatively small 

proportion of severely ill COPD patients is responsible for a substantial share of total caPo

related health care costs. Thirdly, due to the chronic nature of COPD, the efficacy, safety and 

cost-effectiveness of new treatments need to be investigated in studies that last for a longer 

period oftime. Studies with a time span of up to three years have been conducted in COPD 

(Burge et al., 2000; Decramer et al., 2001; Scanlon et al., 2000). Similar to the one-year eco

nomic evaluation of tiotropium, a considerable number of patients will withdraw from these 

studies before the scheduled end data and withdrawal rates up to 50% over 3 years have been 

reported (Burge et al., 2000). The occurrence of dropout that is completely at random is 

rare and raises the question how to analyse costs in these data sets. 

1111 1.7 OUTLINE OF THIS THESIS 

Chapters 2 and 3 address the standardisation and comparability of costs. Chapter 2 presents 

a description of the Dutch manual for costing in economic evaluations and discusses the key 

issues in relation to the standardisation of costs and how these have been addressed in the 

manual. Chapter 3 provides an analysis of the unit costs of inpatient days. Costs of inpatient 

days are often the main driver of costs in economic evaluations and this chapter shows to 

what extent estimates of unit costs may differ between wards and hospitals. Chapters 4 to 7 

are related to the economic evaluation of tiotropium in COPD patients. In chapter 4 the cost

effectiveness of tiotropium is compared to ipratropium based on an economic evaluation 

conducted alongside two RCTs in the Netherlands and Belgium. Chapter 5 presents a model

based economic evaluation. In this chapter the costs and effects of three bronchodilators are 

compared using a Markov model with a time span of one year. The model was specifically 

designed to compare the costs and effects of these treatments in different countries. These 

two approaches to economic evaluations provide a good example of the current state of the 

art of the methodology of cost-effectiveness analysis. Chapters 6 and 7 are based on the empir

ical economic evaluation of tiotropium that was presented in chapter 4. Chapter 6 presents 

a further analysis of the resource use, costs and risk factors that are associated with COPD 

exacerbations. Chapter 7 focuses on the analysis of patients with incomplete data due to 

premature withdrawal. This chapter discusses the impact of premature withdrawal on the 

analysis of costs, and determines the sensitivity of the outcomes of the economic evaluation 

to applying different methods for the analysis of incomplete data. The problem of incom

plete data due to premature withdrawal is further explored in chapter 8. In this chapter, the 

performance of various nalve and principled methods for the analysis of incomplete data 

are compared. These methods are applied to simulated data sets with various distributions 

of costs and different patterns of dropout. Finally, chapter 9 discusses the findings from the 

previous chapters in relation to the research aims of this thesis. 
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CHAPTER 2 

STAN"DARDISATION OF COSTS: THE DUTCH MANUAL FOR COSTING IN ECONOMIC 

EVALUATIONS 



II 2.1 INTRODUCTION 

A major problem in economic evaluations to date is the quality and consistency of studies and 

the degree to which results can be compared among studies (Haycox and \Valley, 1997; Siegel 

et al., 1997). The lack of a uniform methodology is often considered a weakness of economic 

evaluations that hinders the use of such assessments in practice. Therefore, several authors 

have encouraged the standardisation of methods used in economic evaluations (Drummond 

et al., 1993; Rovira, 1996) for 'promoting high standards of conduct, scientific credibility and for 

interpreting and comparing the results of studies in similar and different settings' (Mason, 1997). 

In recent years many publications contributed to the distribution of knowledge on (new) 

methodologies and to the standardised application of such methodologies (Drummond et 

al., 1997; Gold et al., 1996). These publications also contributed to the standardisation of cost

ing. There are, however, some serious constraints to the degree in which costing within eco

nomic evaluations can be standardised. Because studies are performed in different settings, 

have different aims and differ with respect to the disease and intervention that are investi

gated, it is not possible to suggest one standardised approach that is applicable to all studies. 

A balance must be found between the degree of standardisation that can be achieved and 

the necessity to tailor the approach to a specific study setting. 

Standardisation plays an important role in the field of national guidelines. In some coun

tries, these guidelines are voluntary and formulated by leading health-economists. In other 

countries these guidelines are formulated and issued by governmental agencies and reflect 

the formal requirements that have to be met for these studies to be considered when deciding 

on the reimbursement of new medical therapies (Jacobs et al., 1995; Langley, 1996; Rovira and 

Antonanzas, 1995; Torrance et al., 1996). In general, these guidelines are rather global with 

respect to costing. In an attempt to further standardise the costing methods used in pharma

coeconomic analyses, Australia and Canada have issued additional guidelines for cost-calcu

lations (Canadian Coordinating Office for Health Technology Assessment, 1996; Common

wealth Department of Health and Ageing, 2002). Recently, the Dutch 'Manual for Costing: 

.Methods and Standard Costs for Economic Evaluations in Healthcare' (Oostenbrink et al., 2000) 

(further referred to as 'the manual') has been published. This manual provides guidelines and 

recommendations for costing in economic evaluations in the Netherlands. 

The objectives of this article were to describe the main content of the manual and to dis

cuss in more detail some key issues of the manual in relation to the standardisation of costs. 

The Dutch manual is also compared with the Australian and Canadian costing guides. 

1111 2.2 THE DUTCH MANUAL FOR COSTING 

The manual is formulated and issued in addition to the Dutch 'Guidelines for pharmacoeco

nomic research' (Riteco et al., 1999 ). As in other countries, these guidelines define the gener

al standards and major methodologies of pharmacoeconomic evaluation. These guidelines 

have been issued by the Dutch Health Insurance Board and are approved by the Minister of 

Public Health, \Velfare and Sport. In the future, the standards and methods described in these 

guidelines have to be applied in studies that support submissions to acquire reimbursement 

for new pharmaceuticals. For the calculation of costs, the guidelines refer to the manual. 
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The aim of the manual is to support researchers and users of economic evaluations with the 

design, performance and assessment of cost-calculations in economic evaluations and to 

improve the quality and comparability of these studies. Not only does the manual describe 

the formal standards that have to be met in case of appraisal studies of new pharmaceutical 

products, but it can also be applied to the economic evaluation of other technologies. It de

scribes cost-concepts, provides many examples, and includes appendices that contain prac

tical information and data that can be applied directly in cost-calculations. 

The manual introduces a six-step procedure for costing (figure 2.1). During each step, 

choices have to be made and these together define the approach taken. These choices depend 

on the aim and the specific setting of the study. As choices in later stages depend on choices 

made in previous steps, the six steps have to be passed in chronological order. The six steps con

cern the: 1) scope of the study; 2) choice of cost-categories; 3) identification of units; 4) meas

urement of resource use; 5) monetary valuation of units; and 6) the calculation of unit costs. 

Scope 

• pcrsp¢Ctlve 
·time horizon 

Cost 

categories 

I
Dircctin;ide 

healthcare 

Direct outside 
healthcar¢ 

l
lndir~ct out:;ide 

he~lthcar~ 

f-

Figure 2.1: six-step procedure for costing. 
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Calculation 

of unit costs 

• top-down versus 

bonum-up 
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Step 1: The scope of the study 1 The scope of the study concerns the choice of perspective and 

the time span of the study. These t\vo are closely related. A societal perspective, for example, 

implies a time span allowing inclusion of full consequences of the intervention. If, on the 

other hand, a study is performed from a healthcare provider's perspective, often a shorter time 

span will be adopted. The scope of the study affects the entire study design. It is of vital impor

tance for the costing-process, as many of the choices in later stages depend on it. It affects the 

types of resource use that should be considered and how they are to be measured and valued. 

22 



Step 2: The choice of cost categories 1 In accordance with the Dutch guidelines for pharma

coeconomic research, a distinction is made in direct and indirect costs, and in costs within 

and outside the healthcare sector. The costs within the healthcare sector include the costs of 

all health care services, irrespective of whether they are borne by the health insurers, govern

ment or patients. Examples of direct costs outside the health care sector are travel expenses 

and time costs, which are often borne by patients and their families. Indirect costs contain 

for example productivity costs, costs of special education, juridical costs, etc. 

The choice of which cost categories to include follows directly from step 1. The choice of 

a societal perspective, for instance, implies that not only the costs within the health care sec

tor, but also the direct and indirect costs outside the healthcare sector have to be included in 

the analysis. If, on the other hand, a study is performed from a health insurers' perspective, 

this will lead to the exclusion of all costs outside the health care sector and of all costs within 

the healthcare sector that are not reimbursed by the health insurer like (e.g. co-payments). 

Step 3: Identification of units I The identification of units raises two questions: what types 

of resource use are relevant for the disease and the intervention studied; and to what level of 

detail do they have to be measured and valued separately. If, for example, almost all patients 

who visit a specialist receive the same diagnostic tests, it is not necessary to cost these tests 

separately, but it is better to incorporate the average costs of diagnostic tests into the unit 

price of an outpatient visit. Only when diagnostic tests per visit differ strongly between pa

tients, is it worthwhile to identify these tests as separate units. In the manual we recommend 

making a description of the treatment process to determine which units should be included 

in the analysis. We then recommend performing a sensitivity analysis to get insight into the 

units that have the largest contribution to incremental and total costs. The sensitivity analy

sis can be used to determine which costs should be measured and valued in detail (micro

costing), and for which units a gross-costing approach is more appropriate. 

Step 4: Measuring resource use I There is a wide variety of data sources for determining re

source use. These differ strongly with respect to the level of detail in which they provide data. 

The manual distinguishes four criteria for the selection of data sources in a particular situa

tion. These are the perspective of the study, the contribution of units to total or incremental 

costs, the availability of data, and the balance between internal and external validity (Jacobs 

and Baladi, 1996). Internal validity in this case is related to the question of whether there

source use measured reflects actual use in the population being studied, mostly in a clinical 

trial setting, while external validity is related to generalisability of the results to other settings, 

especially in daily practice. An increase in the internal validity is frequently offset by a de

crease in external validity and vice versa. 

Based on these four criteria, a choice has to be made to collect data from either primary 

or secondary data sources. Secondary data from national registries are often aggregated from 

several institutions and may therefore have high external validity. This character of secondary 

data, however, often prevents the use of such data in economic evaluations, especially when 

a detailed comparison of resource use and costs betw-een treatments is required. The most 
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well-known type of primary data collection is the RCT. Besides the advantages of randomi

sation and the controlled situation, a RCT also offers the possibility of integrating data col

lection into the case report form ( CRF ). This can contribute importantly to the quality and 

completeness of the data. A disadvantage of economic evaluations piggy-backed to RCTs con

cerns the trial induced costs. Because of trial-related resource use, such as scheduled visits to 

the trial physician, an accurate measurement of the costs that would have occurred in a nat

ural situation is prevented. In many cases, it is unknown in what respect the difference in 

costs between treatment groups is affected by these trial-induced costs. 

Steps: Valuation of resource use I In the manual we distinguish 5 alternative ways to obtain 

valid unit prices: 1) prices derived from national registries; 2) prices derived from health eco

nomics literature and previous research; 3) standard costs; 4) tariffs or charges; and 5) calcu

lation of unit costs. The choice for a valuation method is often related to the measurement 

of resource use. For example, it does not make sense to base the resource use measurement 

on national registries, while much effort is put into detailed unit costing. The criteria for 

choosing between the valuation methods are similar to the ones described above regarding 

the measurement of resource use. 

The use of standard costs and the calculation of unit costs (step 6) are described in more 

detail below. The advantage of deriving prices from national registries or previous research 

is related to the limited efforts needed to collect such data. In theN etherlands, however, the 

availability of prices from these data sources is limited. Not only is it difficult to obtain prices 

that are valid for the patient group being studied, but, in many cases, there is also insufficient 

information about the way these prices have been determined. Consequently, one of the three 

other valuation methods often has to be used. The attractiveness of the use of charges lies in 

the extensive list of procedures and services for vvhich charges are available. \Vhen the identi

fication of units in a costing study matches with the classification of procedures and services 

used for the reimbursement, the use of charges for the valuation is relatively simple and less 

time-consuming than other methods. Especially in valuing hospital services, like laboratory 

tests, radiographic imaging and surgery, charges are often the most appropriate {and some

times the only available) method. However, the use of charges is often debated, because they 

do not always reflect the actual unit cost of a procedure or service, but are merely a vehicle for 

transferring money from payers to health care organisations and providers. Charges should 

therefore be applied with care, and a researcher should try to get some insight in whether the 

charge is a good estimate of the actual unit cost of a procedure and can be used in the eco

nomic evaluation. Only an analysis from the healthcare insurer's perspective will normally 

lead to the adoption of charges as the appropriate valuation method. 

Step 6: Calculation of unit costs I Because unit cost calculation is much more laborious 

than other valuation methods, and because it requires a completely different methodology, 

the calculation of unit costs is distinguished as a separate step in the costing process. It is used 

for the valuation of units that have a substantial impact on incremental or total costs, and for 

which no adequate unit cost estimates from other sources are available. Unit costs are calcu-



lated for healthcare services and procedures, such as inpatient days, outpatient visits and sur

gical interventions, and include the costs of physicians, nursery, medical devices, buildings 

and equipment, etc. Important choices regarding the calculation of unit costs concern the 

selection of a specific setting in which unit costs will be calculated, the use of top-down ver

sus bottom-up methods and the allocation of costs of supportive departments, buildings, 

general equipment, etc. 

The selection of a specific setting for the calculation of unit costs is a problematic issue. 

Several authors have argued that unit costs can differ considerably between healthcare pro

viders, and, consequently, that the choice of centre(s) can seriously affect the cost-calcula

tions ( Goeree et al., 1999 ). We recommend collection of unit costs in more than one centre, 

and varying unit costs in a sensitivity analysis based on the differences in unit costs that were 

found or according to estimates obtained from other studies. 

In top-down cost calculations the financial administration data of the health care pro

vider is the primary source for determining the unit costs per product. Costs of a department 

are derived from cost-accounting data and assigned to the products or services produced by 

the department. Top-down calculations can be applied in the case of a department \Vith a 

relatively homogeneous production. This, for example, is often the case for a nursery ward. 

Costs of personnel, medical materials, other expenses, and the annual number of inpatient 

days at that particular ward, can be obtained directly from the central financial and produc

tion administration databases to calculate the direct costs per inpatient day. In cases where the 

production of a department is not homogeneous, the bottom-up method is more appropri

ate. In bottom-up calculations, unit costs per product or service are determined by measur

ing actual use of personnel, materials and equipment; for example, by measuring the time a 

physician spends on a certain procedure for a single patient. Costs are then calculated by 

valuing the average time measured, using an estimate of the income of the physician. The dis

advantage of bottom-up calculations is that they are usually very time-consuming, and are

searcher will not always have the opportunity to perform such detailed measurements. In 

practice, a combination of top-dovm and bottom-up calculations is often used. 

Once direct costs have been calculated, the costs of supportive departments, buildings, 

equipment and overheads have to be assigned to the health care service. For the allocation of 

these costs several methods are available (Horngren, 1982). The method most often used in 

economic evaluations is direct allocation, because this method is relatively easy to apply and 

because accounting systems in hospitals do not often allow the use of more advanced meth

ods. In direct allocation, a distinction is made between departments that directly serve pa

tients (e.g. a ward, a surgery department) and supporting departments (e.g. the kitchen in a 

hospital, financial department). Costs of supporting departments are not directly assigned 

to products or patients, but firstly assigned to the departments that directly serve patients. 

Then, these costs are allocated among the products of these latter departments. For a more 

extensive description of unit cost calculation we refer to the manual and the relevant litera

ture (Drummond et al., 1997; Horngren, 1982; Oostenbrink et al., 2000). 
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1111 2.3 KEY ISSUES REGARDING THE STANDARDISATION OF COSTS 

Basic principles I Many of the standards in the costing manual are derived from the Dutch 

pharmacoeconomic guidelines and do not only affect the cost analysis, but are applicable to 

the entire study design. The most important standards are the use of a societal perspective, 

a time span allowing inclusion of full consequences of the intervention, the performance of 

an incremental analysis, and the use of a discount rate of 4%. 

A societal perspective takes into account the costs of all stakeholders in society, as op

posed to narrower perspectives such as the healthcare sector's or health insurer's perspective. 

A societal perspective also implies that a time span should be used that includes all costs re

lated to the initial intervention. In many interventions for acute problems, the time span is 

relatively limited and costs can be determined by direct measurement. In other cases, the time 

span for costs influenced by the initial intervention exceeds the study duration during which 

actual resource use is measured, and requires model estimates of costs for the period after the 

study (sometimes a time span similar to the survival period of the longest living patient). 

An incremental analysis implies that, when two or more treatments are compared, out

come measures are expressed as the difference in costs and effects between treatments. The 

choice for an incremental analysis has important implications for the types of resource use 

that are included and how they are measured and valued. A discount rate of 4% is chosen in 

accordance with the Dutch 'Cabinet standpoint on the reconsideration of the discount rate to 

be used in assessing public sector projects' (Ministerie van Financien, 1995). 

Basic principles that only consider the measurement and valuation of costs are the use 

of opportunity costs, marginal costing, the exclusion of costs of non-related diseases during 

life-years gained, and the inclusion of direct and indirect taxes. A common tool in the valu

ation of resource use is the concept of opportunity costs, i.e. the value of the foregone benefits 

because the resource is not available for its best alternative use (Drummond et aL, 1997). In 

perfect competitive markets, prices of inputs are equal to opportunity costs, but this does not 

hold for most markets in the health care sector. Consequently, tariffs and other prices in the 

healthcare sector should be applied with care, and often other valuation methods are used 

instead. The concept of opportunity costs can help to find solutions in such cases. 

The concept of marginal costing implies that only the increase in costs that is related to 

the introduction of an intervention is to be considered. Hence, fixed costs do not have to be 

included. In the long run, however, almost all costs depend on the amount of output pro

duced. Marginal costs in these cases will equal average costs (Gold et al., 1996). Because eco

nomic evaluations should include long-term costs, and because the results of such evalua

tions are often used to support decision-making on a national level, we recommend the use 

of average costs. Only in specific situations, with, for example, a restricted time span, is mar

ginal costing more appropriate. 

In current theory on costing in economic evaluations, no consensus has been reached 

about whether to include or exclude the costs of non-related diseases during life-years gained 

(Canadian Coordinating Office for Health Technology Assessment, 1997; Commonwealth 

Department of Health and aging, 2002). In the Netherlands, it has been decided for practi

cal reasons that these costs should not be included in the economic analysis. 



Several authors have argued that direct and indirect taxes and social premiums should be 

excluded from cost analyses as such taxes and premiums do not represent costs for society 

(Gold et al., 1996). On the other hand, market prices of products and labour include direct 

and indirect taxes, and, from an opportunity cost approach, it can be argued that these taxes 

should be taken into account. Because in most situations it is difficult to exclude (especially 

indirect) taxes, the Dutch manual has adopted a practical approach and determines that these 

taxes should be included. 

The use of all basic principles outlined in this section is obligatory in the case of studies 

that support submissions to acquire reimbursement for new pharmaceuticals. The impor

tance of using similar basic principles among studies is obvious. Such principles are related to 

all stages of the costing process and have important implications for the selection, measure

ment and valuation of resources. 

Methods for the measurement and valuation I Methods for the measurement and valua

tion can be distinguished into costs within and outside the health care sector. Most parts of 

the manual deal with the measurement and valuation of health care resource use for which 

many alternatives are available. It is difficult to standardise the use of these methods because 

of the differences between studies. In general, the precision of the cost estimate should re

flect the contribution of the resource item to the incremental or total cost, but, as described 

above, other criteria also play a role. Therefore, these parts of the manual are mainly descrip

tive, and the choice of any method in a particular situation is left almost entirely to the in

vestigator. The contribution in achieving more uniformity in cost calculations through this 

type of standardisation is found in standardising the considerations that are followed by the 

selection of methods and sources and not in prescribing the methodologies that have to be 

used in a particular setting. 

In economic evaluations performed from a societal perspective, direct and indirect costs 

outside the healthcare sector also have to be considered. It is impossible to standardise the 

measurement and valuation of all different cost categories that can arise. Only a limited num

ber of cost items, like travel expenses and time and productivity costs, play a role in almost 

any economic evaluation. In particular, the measurement and valuation of time and produc

tivity costs has led to much discussion among health economists (Brouwer et al., 1998; Gold 

eta!., 1996; Johannessen, 1997). 

The manual has adopted the viewpoint that time costs of patients, other than lost pro

ductivity, should not be valued in monetary terms, but in terms of quality of life. Only time 

costs of family and friends for informal care should be valued. For the valuation of informal 

care, a price off 8.oo per hour is recommended. Productivity costs are divided into paid and 

unpaid work. Lost productivity during paid work has to be valued using the friction cost 

method (Koopmanschap et al., 1995). This method is based on the idea that organisations 

need a certain time-span (the friction period) to restore the initial production level after an 

employee becomes absent from work. The amount of production lost due to disease depends 

on the length of this friction period. Productivity costs are calculated by multiplying the days 

absent from work with the costs per day; the number of days absent from work is limited to 
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the duration of the friction period. Unpaid work not only concerns voluntary jobs but also, 

for example, housekeeping. These costs can be considerable, especially in those with chronic 

diseases. For the valuation oflost productivity during unpaid work, a price of € 8.oo per hour 

is recommended, which is identical to the price for informal care. 

Use of the friction cost method, and the prices mentioned above, is obligatory in stud

ies designed to obtain reimbursement for new medications. Because estimates of produc

tivity costs have been shown to depend highly on the approach taken (Koopmanschap and 

van Ineveld, 1992), the use of similar methods and prices will have an important contribution 

to the standardisation of costs outside the healthcare sector. 

Standard costs I Standard costs were first introduced in the Australian costing guide (Com

monwealth Department of Health and Ageing, 2002). They are average unit costs of standard 

resource items and, in the Dutch manual, are presented as one of the available methods for 

the valuation. A selection of standard costs from the manual is presented in table 2.1. In this 

first version of the manual, only standard costs of the resource use items most often used in 

Unit 

inpatient day.< 

General ward general hospital 

General \0/ard academic hospital 

Intensive care unit 

Psychiatric hospital 

Nursing home 

Outpatient visits 

Specialist in a general hospital 

Specialist in an academic hospital 

Other costs within health care 

Visit general practitioner 

Visit physiotherapist 

Hour of home care 

Hour of revalidation treatment 

Travel expenses 

Car (per km) 

Parking costs car (per visit) 

Public transport (per km) 

Taxi (per km) 

Other costs o11tsidc health care 

Hour of informal care 

Cosls per day absent from paid work 

Tn/1/c 2.1: Standard co.1ts i111999 Citro. 

,.. Depending 011 age cmd .1ex 

Standard cost 

'4' 
330 

1140 

<So 

135 

'7 

<8 

'3 
So 

0.12 

1.15 

0.12 

L35 

8.00 

variable"" 



economic evaluations are available and do not take into account any differences between pa

tient groups. This, for example, means that only the overall average costs of an inpatient day 

in a hospital are given. Data that allmv differentiation of standard costs according to diagno

sis or disease severity are currently not available. The use of standard costs is therefore not 

obligatory and, for the units with the largest contribution to total or incremental costs, a 

more detailed costing approach might still be necessary. Despite this limitation, the introduc

tion of standard costs can have an important contribution to the standardisation of costs, by 

eliminating some of the price differences bet\-veen studies. 

Standard values I Another important feature of the manual is the introduction of 'standard 

values'. Unlike standard costs, standard values do not reflect actual unit costs of services or 

procedures, but provide parameters that are used in the calculation of unit costs. Examples of 

standard values within the health care sector are the number of workable hours of employ

ees per year, and the yearly turnover of specialists. Examples of standard values outside the 

healthcare sector are the average distance of a household to a hospital (to calculate travel ex

penses), and the duration of a friction period (to calculate productivity costs). A selection of 

the standard values from the manual are presented in table 2.2 and an example of the use of 

these values in the calculation of the unit cost of an outpatient visit is given in appendix 2.1. 

Standard values contribute to standardisation by reducing differences in unit cost esti

mates between studies. Estimates of specialists' costs per hour in the Netherlands, for example, 

differ considerably and have ranged from € 113500 to E 26oooo. ( Commissie modernisering 

curatieve zorg, 1994; Groeneveld, 1996). Such an amount of variation can importantly affect 

unit cost estimates. The use of standard values helps to overcome these types of differences, 

and is obligatory in studies used to support reimbursement for new medications. Only when 

the researcher can demonstrate that actual values differ considerably from standard values, 

are deviations from standard values approved. 

Presentation of outcomes I In addition to the six-step procedure for costing, the manual 

presents some additional topics. One of these concerns the reporting of costs in the methods' 

and results' sections. The manual defines some minimum standards for the presentation of 

such sections. Important issues concern the reporting of basic principles, sources and meth

ods that have been used in the costing. For results, resource use and unit costs always have to 

be presented separately. In addition to mean values, the variation around the mean has to be 

described. 

Several authors have already emphasised the importance of a clear and standardised re

porting format for economic evaluations (Mason and Drummond, 1995; Siegel et al., 1996). 

Standardisation of a reporting format does not directly lead to more standardisation, but 

contributes to the comparability and generalisability of economic evaluations. 

IIIII 2.4 DISCUSSION 

The manual has only recently been issued and its contribution to standardisation and unifor

mity in costing is therefore yet unknown. After the manual is applied in a number of studies, 
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Parameter 

Payroll employee.< 

Gross salary 

Allowance for irregular working hours 

Working hours per year employees 

\1\/orking hours per year residents 

Mark up for premiums social security and retirement 

Secondary labour costs 

Medical.<taff 

Workable hours per year 

Proportion direct patient related time 

Yearly turnover self-employed specialist (in 1999 euro) 

Yearly income specialist academic hospital (in 1999 euro) 

Average distance in km to: 

Hospital 

General practitioner 

Physiothen1pist 

Other 

Annual discount rate 

Long term interest 

Friction period 

Table 2.2: Standard vnlue;;from the manual. 

Standard values 

collective labour agreement* 

collective labour agreementi

I540 

2150 

2100 

;o% 

!60000 

ll5000 

;.o 

LS 

L8 

4.0% 

4·5% 

123 days 

* The manual advi.<e.< usc of the salary-scale that is in accordance with the job. tVithin this scale, one should use the value just 

above the middle value as an estimate of the average salary; t the allowance for working time outside banking hours is determined 

by the collective labour agreeme11t and varies from 22% to 72%. 

its use will be evaluated by the Dutch Health Insurance Board. Standard costs and standard 

values will be updated every two or three years. In future versions of the manual, standard 

costs will also be further developed. It is intended to provide prices for healthcare services for 

which, at the moment, no prices are available and to assign prices to diagnostic groups. This 

is especially true for unit costs of inpatient days and outpatient visits. 

So far, guidelines for costing in phannacoeconomic evaluations have been issued in Aus

tralia, Canada and the Netherlands (Canadian Coordinating Office for Health Technology 

Assessment, 1996; Commonwealth Department of Health and Ageing, 2002; Oostenbrink et al., 

2000 ). Large differences exist between these costing manuals. The Australian costing guide 

provides an extensive list with standard costs of hospital services. These standard unit costs are 

obtained by large costing studies in which many hospitals take part and in which unit costs are 

related to diagnostic-related groups (DRGs). The use of these standard costs is obligatory in case 

of formal appraisal studies for new medications. The Canadian 'Guidance document for the 

costing process' is more concise and does not yet present a standard cost list or standard costs. 

It presents the basic principles and methods for the measurement and valuation of resource use 

and is mainly descriptive. More recently, developments have started to formulate a standard 
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cost list for the Canadian situation as well (Jacobs and Roos, 1999). In the Netherlands, a sys

tematic collection of standard unit costs does not take place and DRG~related prices are not 

yet available. The use of an extensive list with standard costs as in Australia is therefore not pos

sible. The Dutch manual attempted to strike a balance between the Australian and Canadian 

costing guides. It is more detailed and gives more guidance than the Canadian costing guide, 

but is less prescriptive than the Australian manual in the use of standard costs. With the intro

duction of standard values and the way standard costs are treated, the Dutch manual introduces 

new elements that may contribute to the standardisation of costs in economic evaluations. 

Bottom up unit cost calculation has some disadvantages compared with other types of 

valuation in that: 1) it is time consuming and expensive to perform; 2) the degree to which 

results can be generalised to other populations or other centres can be limited; and 3) it will 

not always be possible to get a-ccess to the necessary information within a health care organ

isation. Despite these disadvantages, detailed cost calculations are recommended for those 

units with the largest contribution to total or incremental costs. This is because, especially for 

some of the units for which unit cost calculations will often be necessary (e.g. outpatient vis

its and inpatient days), no acceptable alternatives are available. Charges for outpatient visits 

consist of a fee for each patient visiting a physician and are independent of the number of 

visits made by a particular patient. Hence, a fee per visit is not available. Charges for inpatient 

days are used to match actual income of the hospital with its budget and vary by hospital and 

by year. Moreover, no distinction is made between inpatient days on a ward and in an inten

sive care unit. This implies that as long as no good alternatives are available, it will still be nec

essary to use detailed unit costing in the valuation. Only a systematic collection of unit costs 

from hospitals and other healthcare organisations might overcome the need for performing 

detailed unit cost calculations in (pharmaco-) economic evaluations in the Netherlands. 

If, in future, other countries develop guidelines for the costing-process, each country will 

have to find its balance between standardisation of costs and the degree to which standard

ised costs are valid in a specific setting. Such guidelines also have to fit \Vith current practice 

and the availability of data in each country. The way in which the Dutch manual tries to reach 

this balance can perhaps serve as an example. The increase in the number of studies per

formed in a multinational setting, and the growing demand to extrapolate results from one 

country to another, also asks for more uniformity of costing among countries. To improve 

the standardisation and comparability of economic evaluations among countries is another 

challenge for health economists. 

II APPENDIX 2.1: EXAMPLE OF THE USE OF STANDARD VALUES 

The unit cost of an outpatient visit is calculated using the buttom-up method. The costs of 

the specialists make-up an important share of the costs of this service. The time of the spe

cialist per visit is estimated to be 10 minutes. The standard values for determining the costs of 

a specialist are an average annual income (turnover) of € 16oooo, 2100 workable hours a year, 

and a percentage of direct patient-related time of 70. With the help of the standard values, the 

specialist's cost per hour can be calculated as € 16oooo x 2100 x 70% = € 109. The specialist's 

cost per visit are estimated to be (10/60) x 109 = € 18. 
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CHAPTER 3 

Cl:\IT COSTS OF INPATIENT HOSPITAL DAYS 



Ill 3.1 INTRODUCTION 

In many countries, the calculation of unit costs is an established method for the valuation of 

resource use in economic evaluations (Drummond et al., 1997; Gold et al., 1996). This method 

implies that unit costs are calculated on the basis of financial and production data obtained 

from healthcare centres participating in medical research. Often, the use of unit cost calcu

lation is necessary because no other cost prices are available. Unit costs taken from earlier 

trials are frequently not valid for use as they have been determined for a specific patient group 

or because oflack of clarity about the methods used for the cost calculations. 

Several authors have addressed the problem of variation in unit costs among centres. 

Goeree et al. found wide variations in unit costs of comparable procedures among hospitals 

( Goeree et al., 1999 ). The reasons for these differences are often unknown. They may reflect 

actual differences in the use of resources, differences in the hospitals' administration systems 

or differences in the methods used in the calculations. These differences imply that the out

comes of the cost calculations are highly dependent on the hospitals selected. Recently, Raikou 

et al. have argued that resource use depends on unit costs, i.e. that centres \Vith a relatively lovv 

cost for a certain procedure are likely to demonstrate higher use of this procedure than cen

tres with high unit costs (Raikou et al., 2000 ). Consequently, averaging unit costs from differ

ent hospitals for the valuation of all resource use in a trial will overestimate actual costs. In 

spite of these limitations, the calculation of unit costs is frequently the only available method 

to value resource use. 

In many studies, costs of inpatient hospital days are reported to be the main drivers of to

tal treatment costs (Hakkaart -van Roijen, 1998; Polder, 2001 ). For instance, Sullivan et al. have 

calculated that 73% of the total health care costs for patients with COPD were due to inpatient 

hospitalisation and emergency room visits (Sullivan eta!., 2000 ). In a study on bone marrow 

or stem cell transplantation for patients with non-Hodgkin's lymphoma or Hodgkin's disease 

it was shown that the costs of inpatient days made up 6oo/o of the total treatment costs (van 

Agthoven et al., 2001). In such cases, the unit cost estimate of an inpatient hospital day is an 

important factor that influences total costs. In the Netherlands, there is a lack of clear public 

disseminated information on unit costs of inpatient hospital days. Data from national reg

istries regarding the unit costs of inpatient days are not available. Inpatient hospital day 

charges show a wide variation between hospitals and between years as they only serve as a tool 

to match the hospitals' incoming cash flows to their annual budgets. Charges can therefore 

not be used as approximations of actual unit costs. 

Because of the problems in determining unit costs of inpatient days and their importance 

in many economic evaluations, we determined unit costs of inpatient hospital days from 22 

general wards and n intensive care units (reus) ofls hospitals from a healthcare provider's 

perspective. The aim of this paper was to provide data regarding unit costs of inpatient hos

pital days and to give insight into the extent to \vhich cost categories and total costs differ 

between hospitals. 

Data from this study have been used to derive a standard cost for inpatient days for the 

Dutch '.l'vfanual for Costing: A1ethods and Standard Costs for Economic Evaluations in Health

care' (Oostenbrink et al., 2000), which was written in addition to the 'Dutch guidelines for 
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pharmacoeconomic research' (Riteco et al., 1999). The manual was approved by the Dutch 

Ministry of Health and the Health Insurance Council and, as described in the previous chap

ter, describes the standards, methods and standard costs to be used in studies set up to obtain 

reimbursement for new pharmaceuticals in the Netherlands. 

Ill 3.2 METHODS 

Data collection I Unit costs were collected from ten wards in eight general hospitals, 12 wards 

in six university hospitals and from 11 Icus of which four were in general hospitals and seven 

were in university hospitals. These hospitals and wards were involved in clinical trials with 

piggybacked economic evaluations that were performed by our institute during the years 1995-

1999. Cost data were collected in co-operation with employees from the financial departments 

of the hospitals. If data were not accessible from the central accounting system, additional in

formation was obtained from the assessed ward or other departments. This mainly concerned 

the costs of medical staff, residents (physicians in specialty training) and medication. 

All hospitals made use of the uniform accounting scheme designed by the Dutch Hos

pital Institute (Prismant, 2003). This scheme provides a standard classification in sections 

and account numbers for Dutch intramural health care organisations. A standard form was 

developed to standardise the extraction of the required financial data from the hospital ac

counting systems referring to the sections of this accounting scheme. An explanation and 

instruction for completion of the form were included. For cost categories for which no esti

mate was provided, hospitals were asked to indicate whether these data were missing or 

whether these costs were included in any of the other categories. Data on the following cost 

categories were collected: medical staff (specialists and residents), nursing, direct adminis

trative personnel and management, materials, nutrition, medication, blood components, 

laundry, cleaning, accommodation (depreciation, energy, maintenance, etc.) and overheads 

and equipment (including capital costs). For all hospitals, the timeframe for the accounting 

information was one year and fell between 1995 and 1998. All costs were expressed in euro 

and Dutch health care price indices were used to convert costs to 1998 (Centraal Bureau voor 

de Statistiek (Statistics Netherlands), 2004). 

Calculation methods 1 A distinction was made between direct and indirect costs. Direct 

costs are costs that are booked directly to the nursing and medical departments, for instance, 

wages of nurses and medical materials. All direct costs were calculated by use of an 'account 

classification' approach (Horngren, 1982). This approach implies that for each category, the 

annual costs of the nursing department were derived from the financial accounts of the hospi

tal and divided by the annual number of inpatient days. Nursing costs included wages, social 

premiums, fees for irregular working hours and the costs of replacement during illness. In 

Dutch hospitals wages of nursing staff are based on national pay scales for either general or 

academic hospitals and vary according to age, experience and specialty. 

Indirect costs, such as accommodation or overheads, were calculated by allocating costs 

to the final cost centres and dividing these costs by the annual number of inpatient days. A 

final cost centre is defined as a department providing healthcare services to patients, for 

34 



example, operating theatres, nursing departments or outpatient clinics. The allocation of 

indirect costs depended on the financial accounting information available. In hospitals that 

had their own allocation or 'cost price' system, to assign indirect costs to the final cost cen

tres we adopted this hospital allocation system. In hospitals -~..vhere this was not the case, we 

made use of direct allocation (Horngren, 1982). This means that the costs of indirect cost cen

tres were assigned to the final cost centres using a weighting methodology, based on various 

weighting statistics (Davidoff and Powe, 1996). Examples of such weighting statistics are the 

area surface (m2
) used to allocate costs of accommodation or the number of full time equiva

lents used to allocate the costs of the personnel department. After assignment of indirect 

costs to a ward, costs were divided by the annual number of inpatient days to obtain the 

mean cost per inpatient day. \tVhether costs of nutrition, blood components, medication and 

laundry were direct or indirect varied among hospitals according to the sophistication of 

their accounting systems. Costs of medications were based on the total costs assigned to that 

department divided by the number of inpatient days. Hence, these estimates were not in

fluenced by the specific patient group the study was originally designed for. Costs of surgical 

and paramedical procedures, radiographic imaging and laboratory tests were not included 

in the costs per inpatient day. 

In most hospitals, medical staff members were self-employed and, consequently, costs of 

medical staff could not be obtained from the financial accounts of these hospitals. Instead, 

specialists and residents were asked to estimate the average time per day spent on a single 

patient during hospitalisation. Costs were calculated by multiplying the time per inpatient 

day with fixed cost estimates based on average annual incomes of specialists and residents 

( Oostenbrink et al., 2000 ). Only in a few hospitals were costs of residents booked directly to 

the cost pool of the nursing department. In these hospitals, the calculations were not based 

on time estimates per day, but the total costs of residents were divided by the total number of 

inpatient days of that department. The annual income of specialists depended on whether 

they were self-employed (general hospitals) or in hospital service (university hospitals). 

The annual income of self-employed specialists in 1998 was estimated to be € 159000 and 

€ 113500 for specialists in hospital service. Annual costs of residents were estimated to be 

€ 45000. These estimates were based on the standard values recommended in the Dutch 

Manual (Oostenbrink et al., 2000). 

Missing data I Several hospitals were not able to provide data on all cost categories that \Vere 

asked for. Tvm types of missing data were distinguished. The first type concerned cost cate

gories that were not administrated separately but included in one of the other categories. 

For example, this was the case when costs of accommodation and cleaning were included in 

the costs of overheads. In these cases, the proportion between these two cost categories in 

hospitals of which the values of both categories were known, was used to obtain an estima

tion for the missing values. The second type of missing data occurred when values of cost 

categOfies were unknown and not included in any of the other cost categories. In these cases 

mean imputation was used, based on the values of hospitals \Vith data for this cost category. 
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Ill 3.3 RESULTS 

Missing data I Table 3.1 shows the percentages of missing data. Costs of residents were miss

ing most often. Hospitals \Vere able to provide an estimate of these costs per inpatient day in 

only nine (27%) of the 33 cases. Costs of accommodation and cleaning were also frequently 

missing. In almost half of the cases these costs were included in the costs of overheads and 

equipment and in six (18%) cases they were missing completely. In 12 (36%) cases no infor

mation 'was obtained on the costs of medication. In only one hospital (university hospital2) 

no data were collected on the costs of nursing and materials, because the data from this hos

pital were no longer used in the original economic evaluation. The hospital was nevertheless 

included in the current analysis, since data of a few cost categories had already been collected. 

Cost category Included in another category Missing completely 

Specialists 

Residents 

Nursing 

Materials and blood products 

1\utrition 

Medication 

Laundry 

Accommodation and cleaning 

Overheads and equipment 

Table3.1: Num/Jer (%)of missing observations (33 wards and reus). 

o (o) 

o (o) 

o (o) 

3 19 I 
8 (24) 

4 (12) 

11 (33) 

15 (45) 

o (o) 

13 {39) 

24 (73) 

1 ill 
l {3) 

4 (12) 

12 (J6) 

6 (18) 

6 (18) 

7 (21) 

Unit costs of inpatient days I Table 3.2, 3-3 and 3-4 show the unit costs of inpatient days of 

general hospitals, university hospitals and reus, respectively. Missing cost categories are 

presented in bold or italics. The bold values indicate costs that were originally included in 

another cost item. Italicised values indicate costs that were originally missing completely and 

were not included in any of the other cost items. Total costs per inpatient day ranged from 

E 120 to € 277 in general hospitals, from € 175 to € 366 in university hospitals and from € 838 to 

€ 1479 in ret.:s. In all hospitals, nursing costs were the major cost component and ranged from 

32% to 64%. In most wards and reus, costs of overheads and equipment were the second 

highest cost component. All cost categories varied substantially between hospitals and wards. 

Specialist costs I The costs of specialists and residents were omitted in the tables 3.2 to 3.4, 

because they were collected in only a few hospitals and because uniform parameters were 

used for the valuation of these costs, eliminating the variation in costs between wards and 

hospitals. The mean (n; standard deviation: su) time specialists spent per inpatient day on 

a single patient was 12 (4; 2) minutes in general hospitals, 12 (8; 8) minutes in university hos

pitals, and 24 {8; 12) minutes in reus. The resulting costs per inpatient day were € 22, € 15 

and E 43 respectively. The mean (n; su) costs ofresidents per inpatient day were € 12 (4; 4) 

in general hospitals and € 19 (3; 12) in university hospitals. Costs of residents in ret.:s could 



Number* ' ' 3 4 5 6 7 8 9 " 
Hospital sizet ' ' 3 ' ' 3 ' ' ' 3 

Type of ward Internal Pulmonary Internal Oncology Oncology Internal Surgery Surgery Internal Internal 

No. of nursing days ward 11623 12081 1JJOO 12.483 13300 9787 2.0917 24403 6535 6873 

Cost category 

Nursing 61 (32) 62 (J4l 55 (,lfi) 1115 (64) 96 (51) 114 Cti) 59 (39) 45 (33) 92 (45) 131 ( )1) 

]Vfaterials & blood products 4 (2) 3 (2) 2 (2) 8(3)" 6 (3)" 7hl 4{:;) 10 (7) 5 (2) 10 {4) 

Nutrition Ill (9) Ill (w) 15 (tj) 17 (7) I7 (y) 9 (3) II (8)" II(:'!) 15 (7) 14 (5)" 

l'vkdicttion 28 (15) 24 (1.3) o (sl 25 (w)~H 25 (!.))""' 25 (9)~H 2) (17)*H 6 (5) .36 (Iii} 49 (Iy) 

Laundry ,-1(2) 4 (2) 'Is) 'i (2)" 5i.3)H 1 (o) 4(3)" 5 (4)"' 7 (]) 'I (2)" 

Accommodation & cleaning 29 (IS) 27 (15) 18 (15) 17(7)H 17(9)H 14 (5) 17 (n)n 20 (l))<H 2) (12) I!\(7)H 

Overheads & equipment 48 (25) 42 (23} IO (15) 22 (8) 22 (n) 107(39) jO (20) J7 (28) H< 2J (11) "ll (12) 

Total costs I92 (100) 1So (too} 120 (wo) 259 (wo) 188 (100) 277(100) 150 (wo) I34 (wo} 20.3 (wo) 257 (wo) 

Ti:t ble 3.1: U1rit costs ('J6) ofs;encm 1/wspitals in 1991>' curv. 

'', •~• i11dirrrte ntis.>ing. wrlues: •• ir1dimtes valrres t!rot \\'ere urigilwlly inclJrdcd in<I!Jother cost iter1r; +<< i1rdiu1te.> l'rilues ori,~ilui/1)' JnissirJgcolriplctcly rr11d tlmt 1\'ere estimated /!y 11/er/11 inrpitlolioiJ.' "\Vord 1 rllld 2 

n•ere fi"om the same hospital; ward J 1111(14 ll'crc jl"om the same ho.>pital; t based on the llll!lrbcr of beds rlftlre lrospit11l: r=o- yw; 2=3m- 6oo; 3=601- 900; 4""901-1200. 



Number* ' ' 3 4 5 6 7 8 9 '0 " " 
Hospital sizet 4 4 4 4 3 3 3 4 4 4 4 4 

Type of ward Gynaecology Oncology Surgery ENT+ Hematology £NT:!: Hematology ENT:I: Pulmonary Internal Internal Oncology 

No. of nursing days ]891 8318 35016 11570 6419 14060 3760 8]56 7999 12688 15366 10665 

Cost wtcgory 

Nursing 129 (40) 153 (sol'" ll2 (38) 175 (48) 139 (48) 1.S4(51) 94 (39) 86 (49) 112 (48) ll:'l (43) 81 (J6) 124 {53) 

!Vlatcrials & blood products 5 (2) 2j {7) ~H 12 (4) 30 {!l) 19 {6) 33 (9) 16 (6) 10 (6) 10 (4) 29 {10) 28 ( lj) 9 (,,) 

Nutrition 20 (6) 10 (3) 21 (7) 21 (6) 15 (5)'" 15 (4) 15 (6) H~ 9 Is)" 14 (6) 1,1 (s) 11 ( 5) 10 (4) 

lVkdication 14(4) 14 (4)H+ 14 (5) 9 (j) 14(5)~H 22(6)H 14 (5) H~ !l (sl 9 141 15 (s) 15 (6) 14 {6)"" 

Laundry 8 (2)n 10 (J) 7 (j) 4(1) 8 (3)**" 8 (2)~H ,S (J)*H 5 (3) , ... y (4) 9 (3) 7 (3) 9141 
Accommodation & cleaning 53{16)** 35 (n) 55 (19) 2tj (7) 35 (n)~H 35 (w)"n 35(15)'" 21 (u)H 28 (12) , .. .33 (12),.,. 22 (10)'' 47 (20) 

Overheads & equipmcnl 94 (29) 61 (2o)H" 70 (24) 103 (2!!) 61 (21) H* 61 (!7)'" 61(26)*"'" "l6 (21) 50 (22) ss (21) tio (27) 22 (9) 

Total costs 323 (wo) 306 (wo) 291 (100) j66 (wo) 291 (100) 358 (wo) 243 (wo) 175 (100) 232 (wo) 276 (100) 224 (10o) 235 (100) 

"filble J.J: Unit costs(%) ofunil'ersity /wspitals in1998 e11m. 
""", """' indimte 111issing vrdues: "'' indimtes l'alucs thai were originally included inti/Wihcr cos/ item; ~H iudicates values originally missing completely and thot \\'ere cstima!cd liy lltea/1 i111p11tntion. '·w!lrd 3 alll/4 

were Jmm the s!lmc lwsj,ilal, wnrd 5 a1ui 6 h'et'r' Jronl the same hospital; \1'11/"d S-11 \Jiere from the snme hospitnl; :1" based on the !1/llllber of beds of the hospitrll: 1=0- 300; 2=3m- 6vo; 3=601- 900; '1=901-12VO; + 
F. NT: otorhi1wlaryngology. 



Number* ' ' 3 4 5 6 7 s 9 w 11 

Hospital sizet 4 4 3 3 3 4 4 3 ' 3 3 

Type of hospital University University University University University University University General General General General 

No. of nursing days ICU 3526 4694 3413 5643 2256 3208 10337 5555 1520 3061 6904 

Cost category 

Nursing 539(49) 560 (47) 409 {48) 394 (47) 474 (51) 6oS (56) 460 (49) 688 (s6) 403 (47) 871 (59) 538 (56) 

Materials & blood products 183 (17) 242 (20) ll2 (13) 201 {24) U7(13) 172 (16) 78 (8) 96 (8) 70 {8) 122 (8) 79UW~ 

Nutrition 23 (2) 22 (2) 16 (2)** 16 (2)H 18 (2)~** 18 (2)~** ll (I) 9 (l) 15 (2) ** 15 (1)** 15 (1)** 

Medication 101 (9) 142 (12) 97 (uy~~ 97(12)H 97 (w)H* 62 (6) 83 (9) 95 (8) ~H 95 (11) ~H 95 (6)** 95(10)** 

Laundry J8 (2) 5 {o) 8 (1) ** 8(I)H 9(1)'i-H 9 (l)H'i- 7 (1) 5 {o) 5 (1)H 5 (o)'~ 5 (o)n 

Accommodation & cleaning 74171 51 (4) 60 (7)~" 35(4)H 61 (7)~" 61 (6)"~ 87 (9)" 28 (2) 82(10)** lll (8)** 68 171" 

Overheads & equipment 164 (15) 171 (14) 150 (18) 87 (w) 158 (17)"** 158 (14)*** 217 (23) 307 (25) 192 (22) 260 (!8) 1)8 (17) 

Total costs no2 (wo) 1193 (wo) 852 (wo) 838 {wo) 934 {wo) 1088 (wo) 943 (wo) 1228 (wo} 862 (wo) 1479 (wo) 958 (wo) 

Table .'!.4: Unit costs(%) oflntmsive Care Units in 1998 euro. 
~\ H~ il/(licale 111issing l'alues: ""indicates Falues thai were originally included in11110tl1er wst ilem; *** indimtes J1alues originally missing completely and !hat were esti11w1ed !Jy 1nem1 impulation. 

~ rev 1 and 2 were from tile same ho.1pital, ICU 3 and 4 were from the same ho.1pital, ICV 6 and 7 were_fromthe same ho.1pi1al; t based on tile 11//lilber of beds of the ho.1pital: r=u- 300; 2=yn- 6oo; J=6o1- 900; 

4=901-1200. 



not be obtained. To be able to calculate the average costs of reGs, vve assumed that costs of 

residents in reus \Vere twice as high as the costs on a ward in a university hospital (€ 38). 

This assumption was based on the proportion of time spent per inpatient day by specialists 

in university hospitals and reus. 

Mean unit costs I The individual unit costs in tables 3.2 to 3-4 were used to calculate the 

mean costs per inpatient day in general and university hospitals and ICUs respectively. These 

mean costs are presented in table 3.5, in which the costs of medical staff and residents were 

also added. Unit costs in university hospitals were approximately 40% higher than in gener

al hospitals. Unit costs of JCus were almost five times higher than the unit costs of wards in 

general hospitals and approximately 3·5 times higher than in university hospitals. Figure 3.1 

shows that the higher costs of reus corresponded with an increase in the relative proportion 

of nursing costs. Thirty-eight percent of the total costs in a ward in a general hospital con

stituted nursing costs, whereas this proportion in an rcu was 48°/o. The joint costs of over

heads, equipment, accommodation and cleaning made up 25% of the total costs of a ward in 

a general hospital, 30% of a vvard in a university hospital and 22% of the unit costs of an rcu. 

Type of hospital 

Cost category 

Specialists 

Residents 

General N=10 

22 (18-27) 

l2 (9-27) 

University N=12 

15 (6-}9) 

19 (6-30} 

ICU N=11 

43 (6-s8) 

38 (12-6o} 

;\lursing 88 (45·165} u6 (81-184} 540 (394-871) 

Materials & blood products 

Nutrition 

lvledicalion 

Lnmdry 

Accommodation and cleaning 

Overheads and equipment 

6(Ho} 

14 (9-18) 

25 (6-49) 

5 (t-7) 

20 (14-29) 

J8 (18-107} 

19 (5-33) 134 (70-183) 

14 (9-21} 16 (9-23) 

25 (8-22} 96 (62-141) 

8 (4-10) 8 (5-18) 

35 (21-55) 66 (28-lll) 

62 (22-103) 184 (87-307) 

Total costs 230 (154-311) 323 (209-400) 1125 (919-1560) 

Table J.S: Mean (nmgc) uuit costs of inpntic11t dr1ys i11 1998 curo. 

D1I 3.4 DISCUSSiON 

In this study, the unit costs of inpatient days of a number of general and university wards and 

reus were collected. The mean costs per inpatient day were € 230 in a general hospital and 

C 323 in a university hospital. The mean costs per inpatient day on an ICU were ( 1125. About 

38% to 48% of the total costs were attributable to the nursing costs. All cost categories showed 

wide variations betvveen hospitals. 

One strength of the current study was the large number of hospitals in which unit costs 

were collected. To our knowledge, such an analysis has never been performed before. There

sults provide insights into the range of costs of inpatient days, into the differences between 
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Figure ].1: Relative contrilmtion per cost category. 
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general hospitals, university hospitals and reus and the variation in cost categories between 

hospitals. A limitation of this study is that hospitals and departments were not randomly 

selected, but included when they were involved in an economic evaluation performed by our 

institute. However, the selection of hospitals in this study included hospitals from different 

regions and from towns that differed in size. Moreover, the average hospital size (i.e. the num

ber of beds) of general and university hospitals was comparable to all Dutch hospitals. Vle 

therefore think that another selection of hospitals would not have led to very different out

comes. Another drawback of this study was the considerable amount of missing data. Because 

only a limited number of characteristics of each ward and hospital were collected and no clear 

relationship between characteristics and costs of the hospital was found, only simple methods 

like mean imputation were used to replace missing values. We did not report standard devia

tions, as these were artificially reduced by the mean imputation method that we applied. Instead 

we reported the range of the observed values to give insight into the dispersion of unit costs. 

The results of this study give rise to the question: which factors were responsible for the differ

ences in costs between wards and hospitals? To obtain insight into these factors \Ve performed 

two multiple least squares regressions \Vith type of hospital (general or academic), hospital 

size (number of beds), \Vard size (number of nursing days) and type of ward (internal yes/no) 

as the independent variables. In the first analysis we used total costs as the dependent variable. 

Because nursing cost had almost no missing values, this variable \Vas used as the dependent 

variable in a second analysis. None of the independent variables showed a relationship with 

total or nursing costs that came near to significance, and therefore we have not presented the 

results of these analyses. 
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In addition to the variables distinguished above, other factors such as patient case-mix, dif

ferences in the measurement and valuation of costs, the sophistication of the hospitals' ac

counting systems, and the possible inclusion of incidental costs may have influenced the dif

ferences in unit costs between hospitals. Unfortunately, there is no detailed information 

available in the Netherlands about the case-mix of patients per hospital or hospital depart

ment. Therefore, we were not able to determine the impact of patient case-mix. Nevertheless 

we expect this to be an important factor contributing to the observed differences in unit 

costs between hospitals. 

Another factor that is often mentioned as a possible source of variation in unit costs be

tween settings is the measurement and valuation of costs (Goeree et al., 1999). Because the 

data collection was performed similarly in all hospitals by using a standardised form and 

because all hospitals involved used the same accounting scheme, we think that we have been 

able to control at least for these potential sources of variation. However, a possible source of 

variation that is closely related to the measurement and valuation is what we have called 'the 

sophistication of the hospitals' accounting systems'. For example, costs that were booked 

directly on a final cost centre in one hospital (considered to be direct costs) were sometimes 

booked to a central cost pool in another hospital. This, for example, was true for the costs of 

medication. In most academic hospitals, the costs of actual medication use were known for 

each nursing department, whereas in smaller hospitals, costs of all mediations were mostly 

booked to the central cost pool 'Pharmacy'. 

Another factor related to the hospitals' accounting systems was the information that was 

available on weighting statistics for allocating indirect costs to final cost centres. Only a few 

hospitals were able to provide data on the measured area (m2
) of the different hospital de

partments to assign costs of accommodation and cleaning to the nursing departments. Part 

of the differences in overhead costs and the considerable amount of missing data amongst 

the indirect costs can be explained by the varying sophistication of the hospitals' accounting 

systems. 

A final factor that might influence the variation in costs between hospitals is the extent 

to which costs of'inefficiencies' or 'coincidences' were incorporated in the unit costs. For in

stance, a high illness rate of employees might lead to a considerable occasional increase in 

costs. In particular, fluctuations in the occupancy of a ward might strongly influence the 

annual cost per hospital day between years. It is unknown to what extent these possible 

sources of variation have implicitly been incorporated in this study. 

In current practice of economic evaluations, unit costs are usually determined for the 

specific setting in which the study is performed and often depend on the availability of data. In 

1993 the 'Manual of Resource Items and their Associated Costs' (Commonwealth Department 

of Health and Ageing, 2002) was published in Australia, thus introducing the concept of 

'standard costs' for use in economic evaluations. In recent years, Canada (Institute of Health 

Economics, 2000; Jacobs and Roos, 1999), the Netherlands (Oostenbrink et al., 2000) and 

the UK (Ferguson, 2001) have also adopted the idea of standard costs and have made efforts 

to build a database with unit costs. The results of this study have been used to develop stan

dard costs for inpatient days in the Netherlands ( Oostenbrink et al., 2000 ). The main reason 
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for introducing standard costs was to eliminate the proportion of cost differences due to meas

urement and variance in hospitals' accounting systems, and other factors that do not reflect 

actual differences in treatment between patient groups. Hence, standard costs can have an 

important contribution to the comparability and generalisability of economic evaluations. 

Hmvever, there are at least three arguments against the use of standard costs. First, stan

dard costs reflect average costs rather than marginal costs thus they give a poor estimate of 

the actual resources consumed. Second, it can be questioned whether the mechanical use of 

standard costs to value hospital days reflect the real opportunity costs as recommended in 

almost all textbooks. This is especially true in the situation where a (new) treatment prevents 

or shortens hospital admissions and empty beds are not occupied by other patients. Third, 

several authors have emphasized the relationship between resource use and unit costs and 

recommend the measurement of both in the same setting to avoid bias (Goeree eta!., 1999; 

Raikou et al., 2000). \-Ve do not argue the accuracy of these points from a theoretical per

spective. However, in the current practice of economic evaluations it is often not possible to 

collect unit costs in all centres involved. In addition, our study has shovn1 that even if unit 

costs are collected the same way, it will be hard to eliminate all differences that are not relat

ed to actual differences in resources consumed. Finally, \Ve think that the lack of compara

bility between (pharmaco-) economic evaluations is one of the major obstacles preventing 

their use in policy decisions \Vi thin healthcare. Standard costs can therefore be welcomed as 

one of the instruments that can help to overcome this obstacle. 

Ill 3.5 CONCLUSIONS 

The aim of this study was to provide data about unit costs of inpatient hospital days in the 

Netherlands and to give insight into the extent to which cost categories and total costs differ 

between hospitals. This study showed that unit costs of inpatient days vary considerably 

between hospitals and that it appeared to be difficult to obtain information on all cost com

ponents from all hospitals. In addition to the type of hospital and the type of ward, we iden

tified at least four other factors that may influence the difference in unit costs between hos

pitals. These were patient case-mix, differences in the measurement and valuation of costs, 

the sophistication of the hospitals' accounting systems and the possible inclusion of inciden

tal costs. The use of standard costs may eliminate some of the differences that are not due to 

actual differences in the resources consumed and thus contribute to the standardisation and 

comparability of economic evaluations. 
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CHAPTER 4 

ONE-YEAR COST-EFFECTIVEJ\'ESS OF TIOTROPIUM VERSUS IPRATROPIUM TO TREAT 

COPD 



1111 4.1 INTRODUCTION 

COPD is one of the leading causes of death and its prevalence is steadily increasing (Murray 

and Lopez, 1997). In the coming decades, general practitioners, respiratory physicians and 

other health care providers will be confronted \Vith an increasing share of their patient popu

lation being COPD patients (Soriano eta!., 2000 ). This is primarily a result of the aging of the 

population and their smoking behaviour in the past (Feenstra et al., 2001). There is an acute 

need for more effective treatment options to reduce the burden of this disease for patients, 

caregivers and society. 

Tiotropium is a new inhaled bronchodilator for patients ·with COPD with a sustained dura

tion of action indicated for once daily dosing (Hvizdos and Goa, 2002). Recent trials showed 

that tiotropium has superior efficacy compared to ipratropium, salmeterol and placebo 

(Casaburi et al., 2002; Donohue eta!., 2002; Vincken eta!., 2002). Based on the favourable 

results of these studies, it is suggested that 'if the cost is not prohibitive, bronchodilation in 

moderate COPD could move to once-daily tiotropium' (Rees, 2002). 

This paper addresses the health economic aspects of tiotropium as compared to ipra

tropium. It is the first pharmacoeconomic analysis of tiotropium, conducted to assess whether 

the benefits of this ne\v therapy are achieved at reasonable costs. Such information is useful 

to support reimbursement and formulary decision-making and guide the positioning of tio

tropium in the treatment spectrum for COPD. 

The cost-effectiveness analysis was performed alongside the ipratropium-controlled clin

ical trials reported by Vincken et al. (Vincken et al., 2002). These clinical trials showed highly 

significant differences in the primary outcome measure trough forced expiratory volume in 

one second (trough FEv1), defined as the mean of the t\vo pre-dose measurements (i.e. 23-24 

hours after the preceding dose of tiotropium, or 8-9 hours after the preceding dose of ipra

tropium). Trough FEV
1 
was improved above baseline by 120 millilitre (ML) after one year for 

patients receiving tiotropium, whereas it \Vas declined by 30 ML for patients receiving ipra

tropium. Tiotropium was also found to be more effective in improving dyspnoea, exacerba

tions and health-related quality of life. 

The aim of the cost-effectiveness analysis \Vas to compare tiotropium and ipratropium 

·with respect to healthcare utilisation and costs, and to relate the difference in cost to the differ

ence in COPD exacerbations and quality of life over a period of one year. As recommended 

in current guidelines, a comprehensive societal perspective \Vas adopted (Drummond et al., 

1997; Gold et al., 1996; Riteco eta!., 1999). 

Ill 4.2 METHODS 

Design of the trials 1 This cost-effectiveness analysis was performed alongside two random

ised controlled, double-blind, double-dummy, parallel group trials comparing 18 micro

gram (~g) tiotropium inhalation capsules administered once daily in the morning via the 

HandiHaler® device with ipratropium two puffs of 20 ~g administered four times daily via 

the metered dose inhaler (MDI) in patients with airway obstruction due to COPD (Vincken et 

al., 2002). All drugs and devices used to administrate the drugs were supplied by Boehringer 

Ingelheim, Ingelheim am Rhein, Germany. The studies were conducted at 29 centres in the 

Clwpter 4- One-year cost-cffcr:tiveness of tiotropiun1 versus iprarropium to treat COPD 45 



Netherlands and Belgium between October 1996 and June 1998. Since the design of both 

trials was identical, the cost-effectiveness analysis was based on the combined data. The trials 

were co-ordinated by Boehringer Ingelheim Pharmaceuticals Inc. in cooperation with the 

participating centres. Analysis and interpretation of the data and the writing of the manu

script are the sole responsibility of the authors. 

Patients I Current or exsmokers with relatively stable COPD and a FEV
1 

:::; 65% of predicted 

normal (Quanjer et al., 1993) and FEV1:::; 70% of forced vital capacity (Fvc) were included. 

Bronchodilator responsiveness was not an entry criterion. Patients 1.-vere also required to be 

aged> 40 and to have a smoking history of at least 10 pack-years. Patients \Vith a history of 

asthma, patients requiring regular supplemental oxygen and patients with a recent upper 

respiratory tract infection or a significant disease other than coP o were excluded. Patients 

were randomised per centre to either tiotropium or ipratropium in a ratio of 2:1 using a ran

domisation list with a block size of three. The sample size of the studies was based on the pri

mary clinical outcome parameter trough FEV
1

• To detect with 90% power and a type r error 

of 5% a change of 0.075 litre over one year, 240 patients per study vvere required. The trials 

were approved by the medical ethics committees of all participating centres and all patients 

gave written informed consent. 

Data collection 1 Patients were followed for one year. After a two-week run-in period, 

patients were seen at baseline (start of study medication) and at weeks 1, 4, 7, 10, 13, 19, 26, 32, 

39, 45 and 52 for scheduled regular visits. At all regular visits, data on health care utilisation, 

study drugs, concomitant therapy, and adverse events including COPD exacerbations were 

recorded in a CRF. Disease specific quality of life questionnaires were administered at base

line and after 1, 7, 13, 26, 39 and 52 weeks of treatment. All patients who completed at least 

one scheduled visit after randomisation vvere included in the cost-effectiveness analysis. 

Health outcomes 1 Prespecified outcomes for the cost-effectiveness analysis were the num

ber of coP D exacerbations and the number of patients with an improvement of at least four 

units on the St. George's Respiratory Questionnaire (sGRQ). An exacerbation was defined as 

a complex of respiratory symptoms (i.e. new onset or worsening of more than one symp

tom such as cough, sputum, dyspnoea or wheeze) lasting for<:: 3 days. The SGRQ is a disease

specific questionnaire designed to measure the impact of chest disease on health-related 

quality of life and vvell-being (Jones eta!., 1991). The questionnaire contains 50 items which 

can be aggregated into an overall score and three sub-scores for 'symptoms', 'activity' and 

'impact'. An improvement of four units on the total score is considered to be the minimum 

clinically important difference (Jones, 2002; Jones and Lasserson, 1994). The impact of in

cluding other thresholds for the minimum clinically important difference is investigated in 

a sensitivity analysis. Additional outcomes to be considered secondarily in the cost-effec

tiveness analysis were the proportions of patients with an improvement in trough FEV
1 
of at 

least n% (American Thoracic Society, 1991) and the proportion of patients with an improve

ment of at least one unit on the transitional dyspnoea index (TDI) over one year (Mahler et 



al., 1984; \Vitek and Mahler, 2003). The TDI is an interviewer-administered questionnaire 

designed to improve the clinical evaluation of dyspnoea over time. The TDI consists of three 

components, i.e. functional impairment, magnitude of task and magnitude of effort. A TDI 

focal score is obtained by adding the scores of the three components and ranges from + 9 

(indicating a major improvement) to- 9 (indicating a major deterioration). 

Resource use 1 All resource use, irrespective of its reason, was recorded prospectively in a 

detailed pharmacoeconomic section of the CRF. Resource use included hospital admissions 

(rcu and non-rcu days), emergency room (ER) visits, unscheduled visits to respiratory phy

sicians, GPs and other health care providers, pulmonary function tests, imaging tests, labora

torytests, puffs of rescue medication (salbutamol, one puff= 100 ).lg), and concomitant med

ication. In addition, the number of days patients were unable to perform the majority of their 

usual daily activities was recorded. If hospitalisation continued after the end of the study, 

the total length of stay included the days after the one-year study period. Dates of resource 

use were recorded to establish a link between resource use and adverse events, which were 

recorded in another section of the CRF. In the base case analysis, only the respiratory-related 

resource use was included. This was defined as resource use related to adverse events that 

were classified as either: 1) COPD and lower airway complaints; 2) upper ainvay complaints; 

and 3) side-effects of study medication. The impact of including all resource use instead of 

respiratory-related resource use was investigated in a sensitivity analysis. Except for study 

medication, all protocol-driven resource use was excluded from all analyses. 

Costs 1 In the base case analysis costs were calculated by multiplying the respiratory-related 

resource use of each patient with Dutch 2001 unit costs expressed in euro (table 4.1). All 

costs within the health care sector were taken into account, regardless of whether they were 

borne by government, health insurers or patients. Average unit costs of inpatient hospital 

days and outpatient visits were obtained from the costing study described in chapter 3 that 

aimed to set standard costs for economic analyses in the Netherlands. This study included 

seven internal (including pulmonary) wards and five outpatient internal clinics of general 

and university hospitals. All unit costs included the costs of nursing, materials, hotel costs 

and the costs of buildings, equipment and overhead. Costs of respiratory physicians were 

included in the unit costs of inpatient hospital days, ER visits and outpatient visits, and were 

based on average time-estimates of 30 pulmonologists involved in the trials. Costs of pul

monary function tests, imaging tests and laboratory tests were based on charges. Costs of 

medications were based on list prices and included value added taxes and a mark-up of 

€ 6.02 per prescription to cover pharmacist fees. The price of tiotropium was determined 

assuming the annual use of one pack containing 10 units and the device and 11.83 packs with 

30 units (refill). The price of ipratropium was based on a pack size of 200 units, adminis

trated via the metered dose inhaler, the device used in the trials. Harmonised consumer 

price indices were used to convert unit costs of previous years to a 2001 price level ( Centraal 

Bureau voor de Statistiek (Statistics Netherlands), 2004). Because the period of data collec

tion covered only one year, no discounting was used. 
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Day general/pulmonary ward 

Day intensive care unit 

Visit to pulmonologist 

Visit to GP 

Visit to nurse/physiotherapist 

Visit to emergency room 

Complete spirometry 

Chest radiographs 

Tiotropium (public price per day) 

Ipratropium (public price per day)·<" 

Table 4.1: Unit costs of the most important types ofhealt/rmre utilisation in 2001 euro. 

The Netherlands 

"' 
lllO 

5' ,, 
,, 
98 

34 

4' 

1.57 

0-33 

Belgium* 

256 

769 

5' 

'5 

'4 

70 

33 

'3 
1.80 

0.29 

+In tile base mse analysis, trial-wide resource use is multiplied with Dutch unit costs. Because Belgian unit costs are used in 
sensitivity analyse.<, these costs are a/5o reported in this table; ·t Price of ipratropium based on administration by the MDI. 

Cost-effectiveness I The pre-specified incremental cost-effectiveness ratios were the health

care costs per exacerbation avoided and the health care costs per patient with an improve

ment of at least four units on the total score of the SGRQ. In addition, we calculated the cost 

per patient with an improvement of at least 12% in trough FEV
1 
and the cost per patient with 

an improvement of at least one unit on the TDI. 

Missing data I In order to deal with missing data of patients not completing the study, mul

tiple imputation was used. Multiple imputation is a technique that, instead of imputing one 

value for each missing observation, replaces each missing observation with a set of m (in this 

case ten) plausible values (Rubin, 1987; Rubin and Schenker, 1991). This resulted in ten com

plete data sets for which the overall mean and variance were estimated. The variance between 

data sets was combined with the variance within data sets and can be considered as the added 

uncertainty that results from missing values. Imputation within each of the ten data sets was 

performed using the propensity score method (Rosenbaum and Rubin, 1984). In this method, 

imputed values are drawn at random and with replacement from patients who are compa

rable on demographic and baseline characteristics and on costs and health outcomes in peri

ods before dropout. Imputation was used for health outcomes and resource use and was per

formed in both treatment groups separately. 

Analysis 1 Healthcare costs and measures of effectiveness were expressed as the mean (stan

dard error: sE) costs and effects per patient and year. The 95% confidence intervals (cr) of 

the differences between treatment groups were calculated taking into account the between 

variance of the imputed data sets and assuming a normal distribution of the differences. To 

examine whether the normal distribution assumption held, we bootstrapped the major cost 

items of the individual data sets. This resulted in almost exact replicates of the 95% crs as ob

tained with the normal approximation. The incremental cost-effectiveness ratios were calcu

lated as the difference in costs betvveen tiotropium and ipratropium divided by the difference 



in effects. Due to statistical problems associated \Vith the calculation of cis for ratios, the un

certainty surrounding the cost-effectiveness ratio is presented graphically on a cost-effec

tiveness plane (cE plane) (van Hout eta!., 1994). ACE plane is an x-y plot ·where the hori

zontal axis shmvs the difference in effects between the treatment arms ( tiotropium minus 

ipratropium) and the vertical axis shows the difference in costs. The uncertainty around the 

point-estimate of the difference in costs and effects is surrounded by a 95% elliptical confi

dence region. The discussion on whether the cost-effectiveness ratio is acceptable depends 

on the maximum that decision makers are willing to invest to obtain one unit of effect (e.g. 

to avoid one exacerbation). Because the value of this maximum acceptable ratio is unknown, 

the likelihood that tiotropium is cost effective at different values of the maximum acceptable 

ratio is plotted as a cost-effectiveness acceptability curve ( cE acceptability curve) (van Hout 

et al., 1994). 

Sensitivity analysis 1 To investigate the impact of assumptions made during the analysis and 

to test the robustness of results given variation in the data input, a number of sensitivity 

analyses were performed. The first sensitivity analysis included all resource use, instead of the 

respiratory-related resource use only. In the base case analysis trial-wide resource use 1vas 

combined with Dutch unit costs. In the second sensitivity analysis resources used by Belgian 

patients were multiplied with Belgian unit costs and resources used by Dutch patients were 

multiplied with Dutch unit costs, after which the results were combined. In the third and 

fourth sensitivity analysis the calculation of costs and health outcomes was based on country

specific unit costs and on the subgroup of patients treated in that particular country. In a 

fifth sensitivity analysis, the price of ipratropium was set to the average price of the metered 

dose inhaler (€ 0.33 per day) and the price of the dry powder inhaler (orr; C 0.97 per day), 

weighted by the actual use of these devices in the Netherlands (44°/o MDI versus 56% DPI). In 

the base case analysis an improvement of four units on the SG RQ total score was defined as a 

minimum clinically important difference. In a final set of sensitivity analyses (sA6 and SA7) 

the threshold value for a relevant improvement on the SGRQ \vas varied and set to six and 

eight units respectively. 

1111 4.3 RESULTS 

Patients I A total number of 535 patients were randomized; 356 in the tiotropium group and 

179 in the ipratropium group. About 85% of the patients were enrolled in the Netherlands 

and 15% in Belgium.A total of 92 patients (18%) 1vithdrew from the study, 54 (15%) in the tio

tropium group and 38 (21%) in the ipratropium group. Main reasons for \vithdrawal were 

worsening of coro (n (3%) in the tiotropium and n (6%) in the ipratropium group) and 

other adverse events (23 (6%) and 8 (4%) respectively). A total of519 patients completed at 

least one scheduled clinic visit after the baseline visit and were included in the cost-effective

ness analysis. Lung function parameters of these patients at baseline were slightly higher in the 

tiotropium group. Other baseline characteristics were comparable across the treatment groups 

(tablq.2). 
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Tiotropium N=344 lpratropium N=175 

Age 

Males: number(%) 

Dutch: number(%) 

64 (8) 

289 (84) 

294(85) 

65 (8) 

151 (86) 

1)1 (86) 

Current smokers: number(%) 

Smoking history in pack years 

Duration of COPD in years 

FEV1 (litres) 

151 (43-9) 79 (45-l) 

FEV1 (%of predicted) 

FVC (litres) 

SGRQ total score 

Table 4.2: Patient characteristics per treatment group at baseline. 

33.8 (17.8) 

ll.J (10.0) 

1.21 (0-44) 

40.6 (12.8) 

2.68 (o.Ss) 

45-5 (16.6) 

33-2 (16.7) 

10.9 (9-7) 

1.13 {o.JS) 

JS.o (10.6) 

2.52 (0-71) 

4}.7 (q.6) 

All data presented as mean ( SD) unless otherwise stated; baseline characteristics are slightly different from those reported in 
(Vincken et al., 2002) because of the different number of patients included for the economic analysis. 

Exacerbations I The mean (sE) number of exacerbations per patient was 0.74 (o.o8) in the 

tiotropium group and 1.01 ( 0.10) in the ipratropium group; a difference of 0.27 (95% CI: 0.02; 

0.52) or 27%. The percentage (sE) of patients with at least one exacerbation was 39.9% (2.9) 

in the tiotropium group and 53.5% (3.9) in the ipratropium group, a difference of 13.6% (95% 

CI: 4.1%; 23.1%). Approximately 17% of the exacerbations in the tiotropium group and 23% in 

the ipratropium group were associated with a hospitalisation (Pearson Chi-Square: p=0.374). 

Quality oflife I The percentage (sE) of patients with an improvement of at least four units 

on the SGRQ aften year was 51.2% (2.8) in the tiotropium group and34.6% (3.8) in the ipra

tropium group; a difference of 16.6% (95% CI: 7.4; 25.9). The percentage of patients with a de

terioration of at least 4 units was 26.0% in the tiotropium group and 33.7% in the ipratropium 

group, a difference of7.7% (95% CI: -Lo; 17.0). 

Pulmonary function 1 The percentage (sE) of patients with an improvement of at least 

12% in FEV
1 

over 1 year was 47.6% (2.8) in patients treated with tiotropium and 25.0% (3.6) 

in patients treated with ipratropium, a difference of 22.6% (95% cr: 13.8; 31.6). 

Dyspnoea 1 About 30.5% of the patients in the tiotropium group and 16.2% of the patients 

in the ipratropium group experienced an improvement of at least one unit on the TDI focal 

score over one year (difference 14.3, 95% cr: 5.9; 22.7). 

Resource use 1 The mean resource use per patient is presented in table 4.3. This table shows 

a consistent pattern oflower resource use in patients treated with tiotropium. The number 

of hospital admissions in the tiotropium group was reduced from 0.13 to 0.24, a difference 

of 45% (p=O.OJ). Approximatelyn% of the patients in the tiotropium group and 19% in the 

ipratropium group had at least one hospital admission (p=0.03). The mean (sE) number of 

inpatient hospital days was reduced by 42%, from 2.98 (o.sS) in the ipratropium group to 1.72 

so 



(0.37) in the tiotropium group (p::::o.o7). The mean (sE) number of unscheduled visits was 

reduced by 36%, from 3.18 (0.52) in the ipratropium group to 2.04 (0.16) in the tiotropium 

group (p::::0.04). Only the mean (sE) number of inpatient days in the rcu \Vas o.o8 (0.12) 

days higher in the tiotropium group, mainly due to one patient with an rcu stay of 24 days 

(p=O.J7). 

Tiotropium Jpratropium Difference 9s% c1 

No::::344 N=175 

Hospital admissions 0.13 (0.02) o.24 (o.os) -0.11 -0.21; -0.01 

Inpatient days 

General ward 1.62 (0.33) 2.96 (o.58) -1.34 -2.64; -0.04 

Intensive care unit 0.10 (0.09) 0.02 (0.02) 0.08 -o.w; 0.26 

Total 1.72 (0.37) 2.98 (o.ss) -1.26 -2.60; 0.09 

Unscheduled visits 

Pulmonologist 0.58 (o.o6) o.68 (o.w) -0.10 -0.}3; 0.13 

GC 1.16 (o.w) 1.48 (0.19) -0.}2 -o.75; o.11 

Other HCP 0.25 (o.o8) 0.88 (0.39) -0.63 -1-42; 1.52 

Emergency room 0.0) {0.01) 0.14 (0.03) -0.09 -0.16; -0.02 

Total 2.04 (0.16) }.18 (0.52) -1.14 -2.20; -o.o8 

Ambulance transports 0.0) (0.02) 0.16 (0.07) -0.11 -0.25; 0.02 

Puffs of salbutamol (rescue medication) 605 (42) 714 (68) -109 -267; 47 

Inactivity days' 23.98 (2.87) 29.19 (4.03) -5-21 -14-92; 4-49 

Table 4-J: Mean (sE) resource we per patimt and year. 

HCP: healthcare provider;* De5eription in the CRF was: 'Number of days unable to pe1jorm the majority of usual daily activities'. 

Costs I Mean (sE) total costs were € 1721 (160) in the tiotropium group and € 1541 (163) in 

the ipratropium group, a difference of € 180 (95% cr: -268; 627; table 4-4)- The higher costs 

of study medication for tiotropium (€ 453) were partly offset by savings in other types of 

healthcare resource use ( E -273, 95% cr: -721; 174), especially inpatient hospital days ( € -208, 

95% cr: -591; 175). Costs of concomitant medication made up 30% of total costs and were 

almost the same in both treatment groups, € 526 (sE 20) in thetiotropium group and € 511 

(sE 25) in the ipratropium group. 

Cost-effectiveness I Because tiotropium was more effective and associated with higher costs, 

all incremental cost-effectiveness ratios were positive. The cost-effectiveness ratio was € 667 

per exacerbation avoided and € 1084 per patient with a relevant improvement in disease

specific quality of life. The cost per patient with a relevant improvement in dyspnoea was 

€ 1259 and the cost per patient with a relevant improvement in FEV1 was € 796. The uncer

tainty around the ratios of the two main outcome measures is presented graphically on the 

CE plane (figure 4.1a and 4.1b). The three ellipses in each figure represent the 5, so and 95% 
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Tiotropium lpratropium 

N=344 N=175 

Inpatient days 

General ward 359 (731 657 (1271 

Intensive care unit n6 (l0o1 26 (211 

Total 475 (1441 683 (1321 

Unscheduled visit.' 

Pulmonologist 30 (3) 35 (s1 

GC 20 (21 26 (3) 

Other HCP 5 (21 17 (8) 

Emergency room 5 (1) 13 (31 

Total 6o (sl 91 (13) 

Concomitant medication 526 (2o1 511 (25) 

Rescue medication (salbutamol) 16 (1) 19 (2) 

Diagnostic/prognostic tests 59 (12) 76 h41 

Ambulance transport 12 (4) 41 (161 

Costs \Nithout study medication 1148 (!60) 1421 (163) 

Study medication 573 (o) 120 (o1 

Costs including study medication 1721 (!60) 1541 (163) 

Table 4.4: 1\1can (sE) healthwre costs per patient and year based on Dutch prices in 2001 euro. 
HCP: health care provider. 

Difference 

- 298 

90 

- 208 

- 5 

- 6 

-12 

- 8 

- 3' 

'5 

-3 

-17 

- '9 

-273 

453 

>89 

confidence areas of the difference in costs and effects.ln the CE plane of the costs per exacer

bation avoided (figure 4.w), approximately 24% of the surface of the ellipses was situated in 

the lower-right quadrant, signifying lower costs and less exacerbations in the tiotropium 

group, whereas 74%:> was situated in the upper-right quadrant signifying a reduction in exacer

bations against higher costs. The dotted line from the origin through the point estimate of 

the difference in costs ( € 180) and effects ( 0.27) crosses one exacerbation avoided exactly at 

€ 66;, the incremental cost-effectiveness ratio. Similarly, in the CE plane of the costs per 

patient with a relevant improvement in SGRQ total score (figure 4.1b), approximately 25% of 

the surface of the ellipse was situated in the lower-right quadrant and 75% in the upper-right 

quadrant. Both figures (4.1a and 4.1b) show that the uncertainty around the ratio was largely 

due to the uncertainty around the cost-difference. 

The CE acceptability curves for the two incremental cost-effectiveness ratios are shown in 

figure 4.2. The vertical axis shows the percentage of time that tiotropium is cost effective, 

given the value of the maximum acceptable ratio on the horizontal axis. If, for instance, the 

maximum willingness to pay per exacerbation avoided is set at£ 2000, then the percentage 

of time that tiotropium is cost effective (i.e. has a ratio below € 2000) is 8oo/o. Similarly, if the 

maximum acceptable ratio of the costs per patient with a relevant improvement on the SGRQ 

gs% c1 

-ss6; -10 

-no; 291 

-591i 175 

-17; 7 

-13; 2 

-27; 3 

-1); -2 

-57; 5 

-47; 78 

-7; 1 

-54i 17 

-6o; 4 

-721; 174 

-268; 627 
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Figure 4.1: CE plrmes reprcseming the 5, 50 and 95% confidence dreas of a) the incrememal health care costs per incremental 
exacerbation avoided and b) the incremental healthcare costs per patient with a relevrmt improvement 011 the SG R Q. 

The dashed lwrizontnlline depicts the point estimate of the difference in costs between tiotropi1m1 and ipmtropium ( f 180 ); the 
dashed vertical line depicts the poillt estimate of the differwce in ef(em: 0.27 per exacerbation avoided and 0.17 per patiem 1vith 
a relevant impmvement on the sG R Q; the dashed diagonalline, from the origin t/noug/1 the centre of the ellipses, takes tiJe val uc 
of the cost-effectiveness ratios of ( 667 and C 1084 respectively. 

is set at € 2000, tiotropium is cost effective 72% of the time. The reading across the probability of soo/o 

to the curves and dmvn to the horizontal axis gives the point estimate of the incremental cost-effective

ness ratios (€ 667 and € 1084 respectively). 
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Figure 4.2: CE acceptability curves of the cost per exacerbation avoided and the cost per patimt with a relevant improvement 
on the SGRQ. 

The horizontal dXis represents the maxinwm acceptable ratio of the cost per exacerbation avoided and of the cost per patient 
with a relevant (jour units) improvement on t/w SGRQ total score respectively Tffor instance the maximum acceptable ratio is 

set at f 2000, tiotropiwn will be acceptable So% and 72% of the time respectively. The curve5 equal the point estimate of the 
incremental cost-effectiveness ratios at p=o.s. These are f 667 per exacerl;ation avoided rmd ( 1084 per patient with a relevant 
improvement in qudlity ofl(fe. 

Mean (sE) Mean (se) Difference in ICER 

difference in number of proportion of Cost per Cost per 

the cost per exacerbations patients exacerbation patient 

patient avoided improved avoided improved on 

on the SGRQ the SGRQ 

Base case 180 (228) 0.27 (0.13) 16.6%, (o.os) 667 1084 

"' m{277) 0.27 (0.13) 16.6% (o.os) 4" 669 

SA 2 221 (229) 0.27 (0.13) 16.6% (o.os) ,,, 1331 

SA 3 203 (243) 0.25 (o.u) 13.9% (o.osl Sn 1460 

SA 4 159 (635) 0-43 (0.)1) 33.2% (0.13) 370 479 

SA 5 48 (228) 0.27 (0.13) 16.6% (0.05) q8 289 

"6 180 (228) 0.27 (0.13) 13.3% (o.os) 667 1353 

"7 180 (228) 0.27 (0.13) 11.1% (0.04) 667 !622 

Table 4.S: Sensitivity analysis of the differences in costs and health outcomes between tiotropium and ipmtropium. 
JCER: incremental cost-effectiveness ratio; SAJ: inclusion of all resource use; SA2: valuation based on cormtry-specific prices; SA}: 

Dutch patiwls only; tiotropium IF=-294, ipmtropiwn 11=151; SA4: Belgian patients only; tiotropium n=so, ipratropium 11=24; SA5: 

price ipratropium based on the average of theM DI and the DP 1, weighted by the actual use of these devices in the 1'-.letherlilltds ( MDJ: 

44%, DPJ:56%); SA6: threshold value of a relevant improvement on the SGRQ set to six units; SAJ: threshold value of a relevant 

improvement on the SGRQ set to eight units. 
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Sensitivity analysis I The results of the sensitivity analysis are presented in table 4·5· Inclu

sion of all healthcare resource use instead of respiratory-related resource use only (sAl), led to 

an increase in costs of approximately 40%, whereas the difference in costs between the two 

groups was reduced to € 111. Valuation based on country-specific unit costs (SA2) or inclusion 

of Dutch patients only (SA3) had a small impact on the difference in costs and health out

comes. If only the Belgian patients were selected (SA4), the difference in costs hardly changed, 

whereas the difference in the number of exacerbations increased from 0.27 to 0-43 and the 

difference in the proportion of patients with a relevant improvement on the SG RQ increased 

from 16.6% to 33.2%. However, the number of Belgian patients was small: 50 patients in the 

tiotropium group and 25 patients in the ipratropium group. Changes in the costs of ipra

tropium had the largest impact on the difference in costs (SA5). When the costs of ipratropi

um were based on the weighted average of the MDI and DPI price, the difference in costs was 

decreased to € 48, decreasing the cost-effectiveness ratio to € 178 per exacerbation avoided 

and € 289 per patient with a relevant improvement on the SGRQ. Increasing the threshold 

value of the SGRQ above which a change in health related quality of life was considered to be 

clinically important, decreased the proportions of patients improved with approximately 

15% when the threshold value was set to six units (sA6) and with 30% when this value was set 

to eight units (sA;). The corresponding differences in the proportion of patients with a rele

vant improvement decreased to 13.3% and 11.1%, leading to higher cost-effectiveness ratios 

of € 1353 and € 1622 respectively. 

Ill 4.4 DISCUSSION 

This is the first cost-effectiveness study that directly compares the new, once-daily broncho

dilator tiotropium to ipratropium. Compared to ipratropium, tiotropium led to a 27% reduc

tion in the mean number of exacerbations and a 17% increase in the number of patients with 

a relevant improvement on the total score of the SGRQ. In addition, a significantly greater 

proportion of patients had a clinically relevant improvement in lung function and dyspnoea. 

These improvements in health outcomes were associated with increased costs of € 180 per 

patient per year. Hence, about 6o% of the higher price of tiotropium ( € 453) was offset by a 

reduction in the costs of other healthcare resources (€ 273). These savings were primarily 

caused by a reduction in the number of hospital admissions and hospitalisation days, which 

were 45% and 42% lower respectively in patients receiving tiotropium than in patients receiv

ing ipratropium. All other resource items, except concomitant medication, showed the same 

trend towards reduced costs in patients receiving tiotropium. 

This economic evaluation was conducted alongside two RCTs. Hence, all resource use 

and health outcomes data were fully stochastic and collected prospectively over the one-year 

study period. This is an important strength of the current study as many economic evalua

tions use modelling often based on indirect data. Another strength of the study is the use of 

multiple imputation to deal with missing data of patients who dropped out before the sched

uled end date after one year. This method imputes values that are sampled from patients 

who are comparable on demographic and baseline characteristics and on costs and effects in 

previous periods and makes full use of the costs and effects the withdrawals had during the 
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period they were still in the study. Above all, in contrast with other, more nalve, methods like 

case deletion, last value carried forward or mean imputation, multiple imputation takes ac

count of the extra uncertainty that results from missing data, by imputing multiple values for 

each missing value (Rubin, 1987 ). In additional analyses presented in chapter 7, we will show 

that the estimates of the difference in costs between tiotropium and ipratropium obtained 

with multiple imputation were at least as conservative as those obtained with other methods 

to deal \Vith the data of dropouts. Adopting a complete case analysis vmuld have seriously 

underestimated the real costs in both treatment groups, as the more severely ill patients were 

more likely to dropout. In both treatment groups, the mean costs per day of the dropouts 

during the time they were in the study were approximately four times as high as the mean 

costs per day of patients who completed the study (see chapter 7). 

This cost-effectiveness analysis was conducted from a societal perspective, which implies 

that all relevant costs should be taken into account. Hence, in addition to the direct health

care costs, we also studied the indirect costs, i.e. the costs associated with absence from work 

and inability to perform the usual daily activities. Compared to ipratropium, the number of 

days that patients were unable to perform their usual daily activities including paid work 

was 18% less in tiotropium, although this difference was not statistically significant. As there is 

still a lot of discussion on \Vhether and how these days have to be valued (Brouwer et a!., 

1997; Gold et al., 1996; Johannesson, 1997), vve choose not to include these indirect costs in 

the cost-effectiveness analysis. It is sometimes argued that the calculation of indirect costs is 

less relevant in a population of moderate and severe COPD patients, because only a small pro

portion of patients has a paid job. Indeed, in this study, only 9.6o/o had a paid job. Because 

the proportion of patients with a paid job at baseline differed between the treatment groups 

(9.3% in the tiotropium group and 10.3% in the ipratropium group), calculating the costs of 

lost working days would increase the risk of introducing a bias against ipratropium. 

Among the disadvantages of an economic evaluation piggybacked to a clinical trial is the 

occurrence of protocol-driven costs. The costs of regular clinic visits were excluded because 

they were scheduled so frequently that they were not reflective of the treatment pattern in 

COPD. This may underestimate costs since these visits may have substituted visits that would 

have occurred if the trial had not taken place. On the other hand, because of the trial situa

tion, patients may have felt less reservation to contact their physician sooner in case of minor 

complaints. The latter equally affects both treatment groups. The substitution effect however 

is more likely to occur in the ipratropium group as the condition of these patients was less 

well controlled. So, if there is a bias, it is more likely to be a bias against tiotropium. However, 

the contribution of unscheduled visits on total costs is small and it is unlikely that the differ

ence in costs between treatment groups is largely affected by this bias. Concomitant medica

tion is a more important contributor to total costs. Because investigators were instructed to 

keep the dose of concomitant medication constant throughout the trial (except in the event 

of an exacerbation), this study may have obscured changes in the use of concomitant medica

tion. Hence, the costs of concomitant medication were almost the same in both treatment 

groups and, considering the improved health outcomes in the tiotropium group, may have 

led to an underestimation of the actual savings by tiotropium. 



The sensitivity analysis showed that the difference in costs between tiotropium and iprat

ropium was most sensitive to the costs of the device by which ipratropium is administrated, 

varying from € 0.33 per day in the base case analysis based on the MDI price, to ( o.69 per day 

when the price ofipratropium was based on the weighted average of the MDI (44%) and the 

DPI (56o/o ). The latter price most accurately reflects the costs of current treatment with ipra

tropium in the Netherlands. Because several papers have shown similar efficacy of the MDI 

and DPI (Cuvelier eta!., 2002; Gimeno eta!., 1988), this sensitivity analysis (SA5) suggests that 

the cost-effectiveness of tiotropium in daily practice in the Netherlands is probably better 

than demonstrated in this trial situation. The sensitivity of the results to the choice of the 

comparator should also be taken into account when reporting on the cost-effectiveness of 

tiotropium in other countries and is an important issue to consider with regard to the gen

eralisability of cost-effectiveness analyses from one healthcare setting to another. 

In other economic evaluations of lung diseases like lung transplantation (van Enckevort 

eta!., 1998) or lung volume reduction surgery (Ramsey et al., 2003) health outcomes have 

sometimes been measured by a generic quality of life questionnaire that enabled the calcu

lation of QALYs. As such a questionnaire was not administered in our study, we \Vere not able 

to compare our results with the outcomes of these studies. However, the primary health out

comes that were used in our cost-effectiveness ratios are among the clinical outcome meas

ures most relevant in COPD: exacerbations and quality of life (health status) (Pamvels et al., 

2001). For reasons of comparison we have used the SGRQ, because it is the most frequently used 

questionnaire in COPD. There is one other economic evaluation by Jones eta!. vvho calculated 

the costs per patient with a four-unit improvement on the SGRQ (Jones et al., 2003). In this 

study, salmeterol was compared \vith placebo over 16 weeks in 189 patients \vith COPD and an 

incremental cost-effectiveness ratio was found of£ 497 ( ( 785). In another economic evalu

ation, Torrance et al. compared ciprofloxacin with usual antibacterial treatment for acute 

exacerbations of chronic bronchitis and reported incremental costs per acute exacerbation

day avoided of SCAN 332 ( ( 217) (Torrance eta!., 1999 ). Considering the average duration of 

an exacerbation (16 days in this present study) this is considerably higher than the €:: 667 per 

exacerbation avoided that \Vas found in the current analysis. 

The threshold value of four units to identify patients with a minimum clinically relevant 

improvement on the SGRQ was determined in various studies conducted by the designer of 

the questionnaire (Jones, 2002) and nearly all studies reporting on the number of patients 

with a relevant improvement on the SGRQ have used this threshold. However, we have assessed 

the impact of changing the threshold value of the SGRQ on the cost-effectiveness ratio in the 

sensitivity analysis. This analysis showed that the cost -effectiveness ratio increased to € 1353 

and € 1622 when the threshold value was set to 6 and 8 units respectively, but that the differ

ence in the numbers of patients improving was still statistically significant at the o.oslevel. 

Assessing the uncertainty around the cost~effectiveness ratios is especially important be~ 

cause many economic evaluations are piggybacked to clinical studies and sample size calcu

lations are based on clinical rather than economic outcomes. Consequently, due to the large 

variation in costs between patients, the power of economic evaluations is usually not suffi

cient to detect statistically significant differences in all economic outcomes. The lack of pmver in 
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combination with the difficulties related to the interpretation of a ratio statistic, limit the use 

of classic statistical approaches commonly applied in clinical studies. It is therefore argued as 

by Briggs et al. 'the goal of economic evaluation should be the estimation of a parameter- incre

mental cost-effectiveness- with appropriate representation of uncertainty, rather than hypothesis 

testing' (Briggs and O'Brien, 2001). The cost-effectiveness plane and the acceptability curve 

are two instruments that have been developed to facilitate a visual and straightforward inter

pretation of the uncertainty around the cost-effectiveness ratios. The cost-effectiveness planes 

in this study showed that most of the uncertainty around the ratios was associated with the 

difference in costs between treatment groups. The surface of the ellipses was almost entirely 

in the upper and lower-right quadrants. Clearly, as long as none of the treatments is domi

nant (that is when the ellipses fall entirely in the upper-left or lower-right quadrant), the 

decision whether to accept a new treatment depends on the maximum willingness to pay for 

a gain in health. The acceptability curves show the probability that tiotropium is acceptable, 

given this maximum acceptable ratio. In our study, these figures showed that if the willing

ness to pay equaled zero, the probability that tiotropium is cost effective is about 25%. In 

other words the probability that tiotropium is cost saving is about 25%. As the maximum 

acceptable ratio increases, the probability that tiotropium is cost effective increases. As the 

willingness to pay to avoid one exacerbation or to have one additional patient with a rele

vant improvement on the SGRQ is set at € 2000, the probability that tiotropium is acceptable 

is So% and 72% respectively. 

Ill 4.5 CONCLUSIONS 

Tiotropium resulted in significant reductions of COPD exacerbations and significant im

provements in quality of life, lung function and dyspnoea compared to ipratropium. The 

additional costs to achieve these favourable outcomes were ( 180 per patient per year. The 

higher acquisition costs of tiotropium were offset by 6o% through a decrease in other health

care costs, especially costs of hospitalisations. This is a conservative estimate as tiotropium 

was compared to the cheapest way of administering ipratropium through the metered dose 

inhaler. 
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CHAPTER 5 

PROBABILISTIC MARKOV MODEL TO ASSESS THE COST-EFFECTIVENESS OF 

BRONCHODILATOR THERAPY IN COPD PATIEKTS IN DIFFERENT COUNTRIES 



Ill 5.1 INTRODUCTION 

COPD is characterized by chronic airflow limitation that is usually slmvly progressing and not 

fully reversible (Pauwels et al., 2003). The major environmental risk factor is smoking. The 

airflow limitation in COPD is associated with symptoms of chronic cough, sputum produc

tion and dyspnoea upon exertion, leading to significant impairments in exercise capacity 

and quality oflife (Pauwels et al., 2003). It has also been shown that a decreased pulmonary 

function is associated with a higher frequency (Dewan et al., 2000) and more severe exacer

bations (Andersson et al., 2002; Rodriguez-Raisin, 2000). In turn, exacerbations have also 

been shown to contribute to a more rapid decline in lung function (Donaldson eta!., 2002), 

increased morbidity and a reduced quality of life (Seemungal et al., 2000 ). 

The global burden of coP Dis expected to increase substantially within the next decades. 

In developed countries, this increase is strongly associated with ageing of the population and 

increased use of tobacco in the past (Feenstra et al., 2001; Stang et al., 2000 ). Recent studies 

have shown that exacerbations contribute to approximately 35% to 45% of the total costs of 

COPD treatment in the Netherlands (see chapter 6), Sweden (Andersson eta!., 2002) and 

Spain (Miravitlles et al., 2003), and that exacerbations associated with a hospitalisation con

tribute to approximately 90% of the total costs of exacerbations (chapter 6 ). Although COPD 

is increasingly recognised as a multifaceted disease requiring a multidisciplinary approach, 

with treatment goals focusing on smoking cessation, improving lung function, increasing 

exercise capacity, preventing exacerbations, and optimising nutrition, the cornerstone of 

coP D treatment remains bronchodilation and adequate treatment of exacerbations. 

Recently, the inhaled anticholinergic bronchodilator tiotropium has been approved by 

health authorities and became available in many countries. \Vith duration of action of at 

least 24 hours, tiotropium is dosed once daily. In a series of clinical trials tiotropium has been 

compared to 1) ipratropium, an anticholinergic with a recommended dosing of 4 times daily; 

2) salmeterol, a long-acting inhaled beta-agonist with a recommended dosing of 2 times daily; 

and 3) placebo. Tiotropium has been shown to provide sustained bronchodilation, improve

ments in dyspnoea and health-related quality of life assessed with a disease-specific instru

ment and is associated with fewer exacerbations than ipratropium and placebo ( Casaburi et 

al., 2002; Vincken et aL, 2002). Improvements in lung function with tiotropium have been 

shown to be significantly better than with salmeterol (Brusasco et al., 2003). All clinical trials 

were multi-center studies conducted in a total of19 countries. 

In order to assess the cost -effectiveness of tiotropium in individual countries we devel

oped a Markov model that integrates patient-level data from the aforementioned clinical 

trials. This probabilistic model albws to fully explore the uncertainty around the cost-effec

tiveness estimate by applying distributions to model parameters. The model is especially 

designed to be populated with country-specific treatment patterns and unit cost. This \Vas 

done to inform local reimbursement authorities about the cost-effectiveness of tiotropium. 

In this paper, the results for the Netherlands and Canada are presented. 
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1111 5.2 METHODS 

The tiotropium trials I The safety and efficacy of tiotropium was studied in a number of 

multi-centre, randomised double-blind, double dummy, parallel group trials comparing 

tiotropium (18 flg once-daily) with either ipratropium (40 flg four times daily), salmeterol 

(so flg twice daily) or placebo. The two ipratropium-controlled studies were conducted in the 

Netherlands and Belgium, the two salmeterol-controlled studies in North America, Australia, 

Europe and South Africa and the two placebo-controlled studies in the UK. All studies were 

conducted in patients with COPD who were required to be relatively stable, to have moderate 

to severe airflow obstruction ·with a FEV1 c::; 65% (salmeterol-controlled trials::;; 6o%) of pre

dicted normal and an FEV
1

::;; 70% of FVC. The duration of the ipratropium- and placebo

controlled trials was one year whereas the duration of the salmeterol-controlled trials was 

six months. Details of the trials including the results on lung function parameters, quality of 

life and dyspnoea as well as exacerbations and hospitalisations have been published else

where (Brusasco et al., 2003; Casaburi et al., 2002; Vincken et al., 2002). 

Model structure I The Markov model was structured around disease states and exacerba

tions based on patient-level data derived from the trials described above (figure 5.1). Patients 

were classified into disease severity states based on the pulmonary function as measured by 

pre-bronchodilator FEY 
1 

as o/o of predicted normal, using the same severity classification as 

the updated GOLD criteria (2003): moderate COPD (50%< FEV
1

% pred. <So%), severe coPD 

(30% < FEV
1 

o/o pred.::;; 50%) and very severe COPD (FEV1 % pred. < 30%) (Pauwels et al., 2003). 

At the start of the model simulation, 25% of the patients were assumed to have moderate 

disease, so% severe disease and 25% very severe disease. Because patients with mild COPD 

(FEV 1 % pred. >So%) were excluded from tiotropium's clinical trial program, this disease 

state was not included in the model. In addition, a death state was not included in this one

year model, because of the small numbers of deaths within the trial periods (2.3%, 1.1% and 

0.2% in the ipratropium-, salmeterol- and placebo-controlled studies respectively). During 

each Markov cycle, patients in each treatment group were assigned a probability of transi

tioning from one disease state to another. Depending on treatment group and disease state, 

patients were also assigned a probability to experience a severe or non-severe exacerbation. In 

each clinical trial, an exacerbation was defined as a complex ofrespiratory symptoms (i.e. 

new onset or worsening of more than one symptom such as cough, sputum, dyspnoea or 

wheeze) lasting for at least three days. Exacerbation severity was based on physicians' assess

ments of the intensity of an adverse event, a classification that was used in all trials. Non

severe exacerbations were defined as 'an awareness of a sign or symptom which was easily tol

erated' (mild intensity) or as 'discomfort enough to cause interference with usual activity' 

(moderate intensity). A severe exacerbation was defined as 'incapacitating or inability to do 

work or usual activity'. 

In order to model the improvement in pulmonary function that was observed in all treat

ment groups during the first few days of the clinical trial, the length of the first cycle was set 

at eight days. The length of the subsequent cycles was one month. A period of one month was 

chosen to incorporate the full effect of an exacerbation in terms of resource use and quality 



COPD 

oflife on the one hand, and to minimise the risk of experiencing more than one exacerbation 

during the same cycle (which was not possible in the model) on the other hand. Transitions 

between states were assumed to take place halfvny through the cycle. The time span of the 

model was one year. 

In the current analysis we compared tiotropium, salmeterol and ipratropium. Although 

data from the placebo-controlled trials were used to derive transition and exacerbation prob

abilities for the tiotropium arm, the placebo arm was not included in the model. This was 

done because the placebo arm in the clinical trials does not reflect usual care in practice, since 

concomitant use of anticholinergics and long-acting beta-agonists was not permitted. In 

total, data in our model were based on 1296 patients treated with tiotropium, 405 patients 

treated with salmeterol and 175 patients treated with ipratropium. 

No exacerbation ... 
1\1odem1e coPD Alii N011-severe exacerl1at'ion ~ - Severe exacerbation :: 

"' 
No exacerbation .... 

,.,. For each treatment arm .41111 Severe COPD a Non-severe exacerbation ::: - - - Severe exacerbation ::: ... 
No exacerbation .... 

VerysevereCOPD Non-severe exacerbation ::: - Severe exacerbation .::: 
"' Figure 5.1: Graphical presentation of the Markov model. 

Transitions between disease states I At each scheduled follow-up visit during the trial all 

patients were assigned to one of the three disease states, based on their pre-bronchodilation 

FEV1 values (=trough FEV1; the primary endpoint of the clinical trials). In all trials, we ob

served an initial improvement in pulmonary function between treatment initiation and the 

first follow-up visit. Subsequent to this initial improvement, the change in pulmonary func

tion over time in each treatment group remained fairly constant. Consequently, for all treat

ment groups in all trials, two matrices of transition probabilities were determined. One tran

sition matrix for the first cycle based on the difference between the frequency distributions 

of disease states at baseline and the first follow-up visit. A second transition matrix for the 

subsequent cycles, which is based on the difference between the frequency distributions of 

disease states at the first and last follow-up visit of the trials. These transition matrices were 

converted to identical time periods of eight days (first cycle) and one month (subsequent 

cycles) using a Taylor series expansion. In the base case analysis, transition probabilities for 

the tiotropium arm were estimated using the combined data from all six clinical trials. Tran

sition probabilities for the comparator arms were then calculated, based on the relative differ

ence to tiotropium as found in the individual trials. For example, the ipratropium-control

led trials showed that the probability to move from moderate to severe COPD was 2.7 times 
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greater for ipratropium than for tiotropium. Hence, the pooled probability to transition from 

moderate to severe COPD for all tiotropium patients across the three trials was multiplied 

with 2.7 to obtain the transition probability for ipratropium. The resulting sets of transition 

parameters are presented in table 5.1. In a final step, a Dirichlet distribution (Briggs et al., 

2003) was assigned to these input parameters and a Monte Carlo simulation was performed 

in which values were randomly drmvn from these distributions. Further details are provided 

in the appendix and the section Analysis below. To extend the time span of the model to one 

year, it was assumed that the monthly transitions for the salmeterol-controlled trials also 

applied to the period beyond the six-month trial period. 

Exacerbations I The observed numbers of severe and non-severe exacerbations within each 

treatment arm and disease state at each trial visit were used to derive exacerbation probabili

ties. In the base case analysis, exacerbation probabilities in the tiotropium arm were based 

on combined data from all six trials, \Vhereas the calculation of exacerbation probabilities 

for the comparator arms were based on the relative difference to tiotropium as found in the 

individual trials (table 5.1). Details of the calculations are provided in the appendix. It was 

assumed that patients could only have one exacerbation during each cycle. This assumption 

was justified by the clinical trial data in \vhich the risk of having more than one exacerbation 

in one month \Vas found to be very small. 

Utilities I Utility values per disease state were based on empirical data from an observational 

study in patients with COPD classified into the GOLD stages (Borg et al., 2004). Mean (sE) 

EQ-SD (Euroqol questionnaire-s dimensions) index scores for moderate, severe and very 

severe COPD were reported to be 0.755 (0.031), 0.748 (o.o6) and o.s49 (0.104) respectively. 

During cycles in which patients experienced an exacerbation, it was assumed that the utility 

value was reduced by 15% in case of a non-severe exacerbation (Paterson eta!., 2000) and by 

so% in case of a severe exacerbation (Spencer and Jones, 2003). 

Resource use and unit costs I Resource use was assigned to maintenance therapy according 

to disease severity state and to severe and non-severe exacerbations. With the exception of 

the acquisition cost for each study medication, the costs of maintenance therapy per disease 

severity state and the cost per severe and non-severe exacerbation were assumed to be the 

same for each treatment group. 

Resource use for the Netherlands was obtained from an economic evaluation that was 

piggybacked to the ipratropium-controlled trials. The economic evaluation was based on 

data from 519 patients of whom 445 (86%) were Dutch. Almost all resource use associated 

with maintenance therapy and exacerbations could be derived from these data. The details 

of this economic evaluation and the collection of resource use data and the attached unit 

costs have been described in the previous chapter. Only those estimates that were likely to be 

influenced by the trial setting, like regular follow-up visits to a GP or respiratory physician, 

were derived from the Dutch guidelines for the treatment of COPD patients by general practi

tioners. Unit costs of (study) medications were based on list prices and included value added 
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taxes and a mark-up of € 6.02 per prescription to cover pharmacist fees. The price of iprat

ropium was based on the average price of the MDI and the DPI, weighted by the actual use of 

these administration devices in the Netherlands in 2001 (44% MDI versus 56% DPI). 

co Po-related resource utilisation for Canada was collected in a prospective, Canada wide, 

52-week, multi-centre, observational study of patients with similar inclusion criteria as the tio

tropium trials, conducted between June 2001 and September 2002. Approximately76% (42) 

of the centres were run by GPs or family practitioners and 24% (13) were run by respirolo

gists. In total, resource utilisation data were collected from 598 patients. For the use of main

tenance medication, it was assumed that medications patients were taking at baseline were 

continued throughout the year with a compliance rate of 8oo/o. Since, the study only recorded 

data regarding physician visits in the case of exacerbations, regular physician visits were 

collected from a survey among 69 physicians (both specialists and GPs) conducted in 2002. 

Because the definition of exacerbation severity as used in the tiotropium clinical trials was 

not feasible for an observational study in a naturalistic setting, all exacerbations associated 

with a hospital admission or emergency room visit were classified as severe. Unit costs of 

(study) medications were derived from the Ontario Drug Benefit Formulary (Comparative 

Drug Index) and included the authorised mark-up (10%) and the pharmacist current dis

pensing fees (€ 3-97, CAN$ 6-47). Minimum patient co-payment was subtracted from the 

cost of a 30-day-claim. Because the DPI device is not available in Canada, the price of iprat

ropium was based on the MDI price. 

The resulting resource use and unit costs for Canada and the Netherlands are presented 

in table 5.2. Costs ·were determined from a health care perspective and included all costs rele

vant to the Dutch and Canadian health care budgets. All costs are reported in 2001 values ex

pressed in euro (1 Canadian dollar= 0.62 euro (exchange rate April2004)). Discounting was 

not applied in this one-year model. 

Analysis I In order to assess the uncertainty around the point estimates of costs, effects and 

cost-effectiveness, the model was designed probabilistically adopting the methodology pro

posed by Briggs et al. (Briggs, 2ooo; Briggs et al., 2002). Uncertainty around transitions be

tween disease states, exacerbations, utilities and resource use was considered simultaneously 

and input parameters were entered into the model as pre-specified distributions. As proposed 

by Price and Briggs, we adopted a Dirichlet distribution for transitions between disease states 

(Briggs et al., 2003), beta distributions for exacerbations and utilities and a gamma distribution 

for the estimation of resource use (Price and Briggs, 2002). Second-order Monte-Carlo simu

lations were undertaken in which values were randomly drawn from these distributions. The 

current analysis was based on 5000 simulations. Main outcomes of the model were the mean, 

SE (being the so across the simulations) and 95% uncertainty intervals ( m) of the costs per 

patient per year, the number of exacerbations and quality adjusted life months. The presen

tation of paired differences behveen treatment groups (tiotropium versus salmeterol and sal

meterol versus ipratropium) is based on the hierarchy of observed outcomes. The uncertainty 

around costs and effects was further explored by means of incremental CE planes and separate 

CE acceptability curves per treatment based on the net benefit approach (Fenwick et al., 2001). 
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Sensitivity analysis I In a first set of sensitivity analyses, the robustness of the model for al

ternative transition and exacerbation probabilities were investigated. In these sensitivity ana

lyses (sAl to SAJ), transitions and exacerbations for tiotropium were based on observed 

values from the ipratropium-controlled (SAl), salmeterol-controlled (SA2) and placebo-con

trolled trials (SA3) separately, instead of the combined data from all six trials. Transitions and 

exacerbations for the comparator arms were calculated based on the relative difference to 

tiotropium as found in the individual trials. In two additional sensitivity analyses (SA4 and 

SA5), we investigated the separate contribution of exacerbation probabilities and disease state 

transitions to the outcomes of the model by assuming that either transition probabilities 

(SA4) or exacerbation probabilities (SA5) did not differ between treatment groups. In a third 

set of sensitivity analyses (sA 6 to SA8), we varied the baseline distribution of patients over 

disease states. In these three analyses, it was assumed that at baseline, 100% of the patients 

were suffering from moderate disease (sA6), severe disease (SA7) and very severe disease 

(sAS), respectively. In sensitivity analysis 9, alternative utility values were assigned to disease 

states: tTtoderate coPD 0.81 (sE: 0.02), severe co Po 0.72 (0.03) and very severe coPD 0.67 

(o.os) (Kind et al., 2002). Because transitions in the model ·were derived from patient-level 

data in trials that included only stable patients who were not using long-term oAygen at study 

entry, we did not include the costs of oxygen therapy in our base case analysis. The effect of 

adding estimates of oxygen use (table 5.2) to the costs of maintenance therapy was investi

gated in a final sensitivity analysis (SAlO ). 

Validation of the model I To validate the exacerbation outcomes of the model we compared 

these outcomes with the empirical analyses of the trial data. To perform this validation, the 

model was populated with the trial-specific baseline distribution of patients over disease 

states, and trial-specific transition and exacerbation probabilities. This validation can only 

be performed pair-wise, as each trial compared only two treatments. For the comparison 

between tiotropium and salmeterol the time span of the model was set to six months to 

match the duration of the trial. The exacerbation rates obtained with the model ·were com

pared with the empirical exacerbation rate based on an analysis in which multiple imputa

tion was used to account for incomplete data due to dropout (Rubin and Schenker, 1991). 

For the ipratropium-controlled trials, these rates have been presented in the previous chap

ter, and for the salmeterol-controlled trials, these rates are reported for the first time in this 

paper. 

Ill! 5.3 RESULTS 

Health outcomes 1 Table 5·3 summarises the main outcomes of the Markov model. Mean 

(sE) estimates of the number of exacerbations varied from o.Ss ( 0.03) in the tiotropium group 

to 1.02 ( 0.10) in the salmeterol group and 1.14 ( 0.13) in the ipratropium group. The difference 

(95% ur) between tiotropium and salmeterol was 0.17 ( ~ 0.02; 0.37) and the difference be

tween salmeterol and ipratropium was 0.12 (- 0.17; 0.44). The proportion of exacerbations 

that was severe varied from approximately 15% in the tiotropium and salmeterol group to 

20% in the ipratropium group. Differences in quality adjusted life months were small and 
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The Netherlands Canada 

Resource usc ofdiscnsc states (per mwum) Unit cost Moderate Severe Very severe Unit cost lvloderalc Severe Very severe 

Outpatient vi~it RP 'iS.oo 2.00 (0.16) 4.00 (O.J2) 44.JO o . .So (0.10) 2.80 (0.35) 

Outpatient visit (;p J(i.oo 2.00 (0.16) !6.}7 1.00 (0.07) 1.20 (0.11) 1.20 (0.26) 

Spirometry I<j.OO 2.oo (<u6) 2.00 (0.16) 4,00 (0.}2) IO.OS 1.00 (0.07) 1.00 (o.o6) 1.00 (0.09) 

Inl1ucnza vaccination 15.00 0.75 (0.09) 0.75 (0.09) 0.?5 (0.09) q.O} o . .So (<uq) o.8o (o.o6) o . .So (0.09) 

Beta -ad renergics·[ 0.43 30.8_5 (Hull) 27.95 (5.37) 1}._55 (_5.6j) 0._)2 69.14 (8.94) _50,11 (6.67) 261.57 (8.93) 

TheophyllirJet O,JO 20.27 (7.50) _51.39 (7._52) 61.57 (11.49) 0.}7 16.17 (4.79) 46.09 (6.46)) 64.80 (1qS) 

In haled steroids·f· 1.04 2_56.20 (22._34) 2S9.57 (32.42) 281.1! (}_5.12) 1.1_5 175.90 (10.45) 187.61 (8.ll) 199-SJ (12.96) 

Other medicationst 0.6_5 79.?8 (1?.06) 106.24 (17.00) 1_B-37 (18.83) 0.67 86.80 (9.62) 1_)9.34 (S.91) 14).08 (13.83) 

Oxygen therapy·!·§ 12.64 J4.6o (2.76) 73 (12._52) 18.61 2.96 (2.10) 27.21 (_5.14) 67.31 (11.54) 

Resource use of exncerbntions (per exllcerllllfion) Unit cost Non-severe Severe Unit cost Non-severe Severe 

J(:u-days·!· 1ll3.00 o.86 (0.67) 6_lj.OO O.jS (O.l_l) 

Non-Jcu dayst 22}.00 1.01 (0.21) 11.08 (1.32) 427.87 _5.8_5 (o.,p) 

Emergency room visits 91.00 O.Oj (0.01) 0.2_5 (0,07) .S0-47 0.95 (0.02) 

Outpatient visit Rl' n.oo 0.34 (o.o_)) o . .S2 (0.22) +1-30 0.14 (0.04) 0.05 (o.m) 

Outpatient visit GP 21.00 o.66 (o.o6) 0.70 (0,16) 16.}7 0.88 (0.04) 0.12 (O.Oj) 

Visit other Her 18.oo 0.27(0,14) 0.50 (O.J9) q.64 0.02 (0.01) 0.18 (O.Oj) 

Antihiotics'[ 2.68/7.oT[: 7·94 (2.00) 11.75 (2,20) 2.69 5-84 (0.441 4.S6 (0.35) 

Systemic steroidst 0.91 7-94 (0.94) 24.08 (4.J3) 0.58 3-4 (0.24) 5.18 (0.}9) 

Other medicatiomt 0.90 15.83 (2.48) 55-02 (12,_57) o.so 0.50 (o.oR) o.S4 (0.16) 

Oxygcnt 12.64 0.21 (o.02) !8.61 0.17 (0.07) }.62 (0-41) 

Costs of study medication Tiotropium lpratropium Salmetcrol Tiolropium lpratropium Salmeterol 

Unitcostperday 1._57 0.69 1.24 1.51 0._54 1.21 

1i1ble 5.2: Menn (sE) reso11rce 11se* of disease slllfe_>and exllcerbntiol/5 by toll!llry wilh tile associmed 1111it costs (ill 2001 N). 

Ill': respimtory phy>irian; HCP: henlthcm·e provider; ~ Gam11111 di_>f rilmtions were nssig11ed to model the Ill/Certainty llrottlld the reso11ra 11se est inwles; t reso11rce 11se expressed ill dtJ)'S, 1111it cost represcllf the cos/s 

per day; .f: 1111it costs ofantibiotics i11 IWn-seFcre exacerlmtions f' 2.68 rt1ul ill sel'ere c;mcerlmtions ( 7.U7 per rluy; § Costs of oxyge11 tllempy not inclmle~l in the base mse lll!lllysis, b11t Oil f)' i11 sensil i11i/ y a1wlysis 10. 



associated with wide urs. The mean (sE) number of quality adjusted life months varied from 

8.42 ( 0-40) in the tiotropium group to 8.17 ( 0-46) in the salmeterol group and 8.11 ( 0.49) in 

the ipratropium group. 

Costs I Estimates of the mean (95% ur) one-year cost per patient in the Netherlands varied 

from € 1760 (1563; 2011) in the tiotropium group to € 1802 (1515; 2195) in the salmeterol group 

and € 1930 (1503; 2525) in the ipratropium group. The corresponding estimates of the mean 

total costs for Canada were considerably lower and varied from € 1309 (1222; 1408) for tio

tropium, C 1306 (1142; 1516) for salmeterol and € 1307 (rosa; 1637) for ipratropium. The costs 

of the study medication tiotropium made up approximately 33% of the total costs in the 

Netherlands and 42% of the total costs in Canada. Salmeterol accounted for 25% and 24% of 

total costs in the Netherlands and Canada respectively, whereas the costs of ipratropium 

contributed to approximately 14o/o of total costs in both countries. The largest difference in 

costs between the two countries was observed in the costs of exacerbations. In the Nether

lands these costs varied from ( 670 (38% of the total costs) in the tiotropium group to C 812 

(45%) in the salmeterol group and C 1131 (59%) in the ipratropium group. The corresponding 

estimates for Canada \vere € 387 (30% ), 466 (36%) and € 712 (54%) respectively. 

Nu1nber of" Exacerbations 

Non-severe 

Severe 

Total 

Quality adjusted life months 

notropium 

0.73 (o.68; 0.78) 

0.12 (o.w; 0.15) 

o.85 (o.So; 0.91) 

8-42 (7-59; 9.20) 

lvlean (sE) costs (in 2001 C) 

Ex<lcerbations 

Netherlands Canada 

• Hospitalizations 

• Other exa-related costs 

Subtotal exacerbations 

.Maintenance therapy 

Study medication 

Total costs 

95% VI of total cost 

Differeuce i11 

Costs (in 2001 C) 

Exacerbations avoided 

Quality adjusted life months 

Tables.J: Results of the Markov si11Julario11. 

Merm and 95% UI uuless otherwise stated. 

583 (112) 

87 (7) 

670 (113) 

517 (22) 

573 (- -I 
1760 (n6) 

1563; 2011 

340 (43) 

47 (3) 

387 (43) 

371 (16) 

551 (--) 

1309 (47) 

1222; 1408 

Sa!meterol 

0.87 (0.71; 1.05) 

0.15 (0.09; 0.21) 

1.02 (0.84; 1.22) 

8.17 (7.24; 9-06) 

:\!etherlands Canada 

707 (166) 410 (88) 

105 (13) 56 (6) 

812 (173} 466 (92) 

537 (23) 398(19) 

453 (- -I 442 (- -) 

1802 (175) 1306 (96) 

1515; 2195 1142; 1516 

Tiotropium versus 
salmeterol 

Netherlands Canada 

-4' 

(-484;353) ( -227; 203) 

0.17 ( -0.02; 0.37} 

0.25 (-0.90; 1.47) 
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lpratropium 

0.91 (0.72; 1.14) 

0.23 (0.15; 0.33) 

1.14 (0.92; 1.40) 

8.11 (7.08; 9-04) 

l'\etherlands Canada 

1004 (257) 646 (144) 

127 (17) 66 (8) 

1131 (266) 712(144) 

547 (25) 398 (23) 

252 (- -) 197 (- -) 

1930 (267) 1307 (150) 

1503; 2525 1050; 1637 

Salmeterol versm 

ipratropium 

;-..[ethcrlands CanadJ 

-128 _, 
( -795; 457) ( -376; 323) 

0.\2 ( -0.17; 0-44) 

0.06 ( -1.26; 1-42) 

6g 



Cost-effectiveness I Figure 5.2 presents the uncertainty around the costs and effects on the 

CE plane. In order to reduce the number of figures, only the CE planes comparing tiotropium 

to salmeterol are presented. Each dot represents one of the sooo model simulations. The CE 

planes sho\v that the uncertainty about costs in the Netherlands was somewhat larger than 

in Canada. Dots were almost evenly distributed over the upper- and lower quadrants, show

ing the near cost neutrality between tiotropium and salmeterol. The CE planes also show 

that there were no substantial differences between treatment groups with regard to quality 

adjusted life months. In contrast, the difference in exacerbations dearly was in favour of tio

tropium. The proportion of iterations in the right quadrants for this outcome was approxi

mately95%. 

Exacerbations Quality adjusted life months 

the Netherlands the Netherlands 

1500 1 1500 

1000' 1000 

~ 8 
u u 
~ ~. 

-0.5 -O.J 0.8 LO -2.5 

-1000 -1000 

-1500 -1500 

Canada Canada 

1500 l 1500 

1000 1000 

~ ~ 500 0 0 
u u 
~ ~ 

-o.s -O.J 0.8 LO -2.5 

-500 

-1000 -1000 

-1500 -1500 

Figure 5.2: Cost-effectiveness planes of the difference in costs and effects of tiotropium versus salmeterol. 
Each dot represents 1 of sooo model simulations; the horizontal axis represents the difference in the nunJber of exacerbations and 
quality adjusted life months respectively. 

in the Netherlands, the acceptability curves (figure 5.3) representing quality adjusted life 

months sho\v that the probability tiotropium is cost effective was almost independent of the 

value of the ceiling ratio, reflecting the small differences for this outcome in the one-year 

model. A much larger impact of the value of the ceiling ratio was observed in the acceptability 

curves regarding exacerbations avoided. The probability for tiotropium to be cost effective 

in the Netherlands gradually increased from 43% when the ceiling ratio was set to € o to 6o% 

when the ceiling ratio was set to € soo.ln Canada, tiotropium had the highest probability of 
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o.6 

LO 

' i 0.8 

' ~ 0.6 

being cost effective when the ceiling ratio for avoiding an exacerbation was above € 160 and 

the ceiling ratio for gaining one quality adjusted life month was at least € 120. For lower values, 

ipratropium had the highest probability of being cost effective but was not associated with the 

highest expected net benefit (Fenwick et al., 2001). Salmeterol had the highest expected net 

benefit for values of the ceiling ratio until approximately E 10, while tiotropium had the 

highest expected net benefit for all values higher than € 10. Hence, the CE acceptability fron

tier (not shown), followed the salmeterol curve for values of the ceiling ratio below € 10 and 

followed the tiotropium curve for all values higher than € 10, signifying that in Canada, tio

tropium was the preferred treatment in terms of cost per exacerbation avoided, except for 

ceiling ratios below € 10. For an explanation about acceptability curves and the acceptability 

frontier in case of multiple treatments and skewed distributions we refer to Fenwick et al. 

(Fenwick et al., 2001). 

Exacerbations avoided 

the Netherlands 

Value of ceiling ratio in euro 

Exacerbations avoided 

Canada 

Value of ceiling ratio in euro 

LO 

~ o.S 

LO 

Quality adjusted life months 

the Netherlands 

Value of ceiling ratio in euro 

Quality adjusted life months 

Canada 

wo 200 300 

Value of ceiling ratio in euro 

500 

Figures.J: CE acceptability curves of exacerbations avoided and quality adjusted life months for the Netherlands and Canada. 

___ ; tiotropium; -·-·-·-·-·-: salmeterol; ipratropium. In the Netherlands the cost-effectiveness acceptability 

frontier follows the tiotropium curves. In Canada, the cost-effective11ess acceptability frontier follows the salmeterol curves for 

values of the ceiling ratio below approximately € 10. For all values higher than € 10 the frontier follows the tiotropium curves, 

signifYing the higher expected net benefit (Fenwick etal., 2001). 

Sensitivity analysis 1 The results of the sensitivity analyses are presented in table 5-4· For 

each sensitivity analysis, the table shows the values of the ceiling ratio at which each treat

ment has the maximum expected net benefit. Tiotropium showed the maximum expected 

net benefit for all values of the ceiling ratio when probabilities were set relative to the salme

terol-controlled trials (SA2), while the value of the ceiling ratio for which tiotropium was asso-
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cia ted with the maximum expected net benefit increased when probabilities were set relative 

to the ipratropium-controlled (SAl) and placebo-controlled trials (SA3). Applying similar 

transition probabilities to creatment groups (SA4) had a large impact on quality adjusted life 

months. In the Netherlands, salmeterol was associated with maximum expected net benefit 

for values below E 1080, while in Canada ipratropium had maximum expected net benefit for 

values below C n8o. The impact on exacerbations vvas much less and tiotropium was asso

ciated with maximum expected net benefit for all values of the ceiling ratio above € 180 in the 

Netherlands and above t: 400 in Canada. Sensitivity analysis 5 shows that for exacerbations 

ipratropium ·was associated with the maximum expected net benefit for all values of the ceil

ing ratio belovv € 8500 in the Netherlands and below ( nooo in Canada. In terms of quality 

adjusted life months these values were ( 1120 and C 1340 respectively. Changing the division 

of patients over disease severity states (sA6 to 8) showed divergent results. \-\Then all patients 

had moderate disease at baseline, salmeterol showed the maximum expected net benefit in the 

J\'etherlands for values of the ceiling ratio below € 440, whereas ipratropium had the highest 

expected net benefit for lmv values of the ceiling ratio for both outcomes when all patients 

had very severe disease at baseline. Alternative utility values (s A9) did not change the cost

effectiveness frontier as compared to the base case analysis, while adding the costs of oxygen 

therapy to the costs of maintenance therapy (sAw) favoured tiotropium in both settings. 

Validation of the model I \Vhen the model was populated with the baseline distribution of 

patients over disease states, and exacerbation and transition probabilities from the iprat

ropium-controlled trials, the mean (sE) numbers of exacerbations were exactly the same as 

observed in the trials and as presented in the previous chapter (tiotropium 0.74 (o.o8), ipra

tropium 1.01 ( o.n) ). Only thesE of ipratropium was slightly larger (model 0.12, trials 0.10 ). 

A comparison with the salmeterol-controlled trials based on a 6-month period showed that 

the mean estimates of the model ( tiotropium 0.69 ( 0.07); salmeterol ( 0.82 ( 0.09)) were some

what higher than observed in the trials (tiotropium 0.63 (o.o6); salmeterol 0.76 (o.o6), but 

that the estimated difference between treatment groups was exactly the same, 0.13 (o.o8). 

IIIII 5.4 DISCUSSION 

In this study, we showed how patient-level clinical data could be used to construct a one-year 

model to compare the cost-effectiveness of three bronchodilators in different countries. The 

model demonstrated that tiotropium was associated with a reduction of 17% in the number 

of exacerbations when compared to salmeterol. When salmeteTOl was compared to ipratro

pium, the number of exacerbations was reduced by n%. No substantial differences in quality

adjusted life were found between treatment groups in this one-year model. Overall, costs 

were considerably higher in the Netherlands than in Canada, mainly because of the higher 

costs associated \Vith exacerbations. In the Netherlands, tiotropium was associated with small 

cost-reductions, while in Canada costs were almost the same in all treatment groups. The CE 

acceptability frontier of exacerbations showed that tiotropium was associated with the maxi

mum expected net benefit for all values of the ceiling ratio above f o (the Netherlands) and 

€ 10 (Canada) in the base case analysis. 
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Base case 

SA 2 

SA 3 

SA 7 

~A 8 

SA 10 

Exacerbations avoided 

the Netherlands 

Tiotropium:;;:;: o 

Salmeterol: 0-59 

Tiotropium:;;:;: 6o 

Tiotropium:;?; o 

Salmeterol : 0-49 

Tiotropium:;;:;: so 

Salmeterol: o-179 

Tiotropium:;;:;: 180 

Ipratropium: o-8499 

Tiotropium:;;:;: Ssoo 

Salmeterol: 0-439 

Tiotropium: 2: 440 

Tiotropium:;;:;: o 

lpratropium: 0-339 

Tiotropium: 2:340 

Tiotropium:;;:;: o 

Tiotropium:;;:;: o 

Canada 

Salmeterol: 0-9 

Tiotropium::?: 10 

Ipratropium: 0-539 

Tiotropium:;;:;: 540 

Tiotropium: <;: o 

Salmeterol: 0-219 

Tiotropium:;;:;: 220 

Ipratropium: 0-379 

Salmeterol: 380-399 

Tiotropium: 2: 400 

Ipratropium: o-10999 

Tiotropium:;;:;: nooo 

Tiotropium: 2: o 

Tiotropium :;?; o 

lpratropium: 0-779 

Tiotropium: 2: 780 

Salmeterol: o-9 

Tiotropium: 2: 10 

Tiotropium:;;:;: o 

Quality adjusted life months 

the Netherlands 

Tiotropium :;;:;: o 

Salmeterol : 0-44 

Tiotropium:;;:;: 45 

Tiotropium: <;: o 

Salmeterol: 0-24 

Tiotropium:;;:;: 25 

Salmeterol: 0-1079 

Tiotropium:;;:;: 1080 

Ipratropium: o-1119 

Tiotropium:;;:;: 1120 

Salmeterol: 0-399 

Tiotropium:;;:;: 400 

Tiotropium: 2: o 

lpratropium: o-159 

Tiotropium: 2:160 

Tiotropium:;;:;: o 

Tiotropium:;;:;: o 

Canada 

Salmelerol: 0-9 

Tiotropium::?: 10 

Ipratropium: 0-499 

Tiotropium::?: soo 

Tiotropium: 2: o 

Salmetcrol: o-119 

Tiotropium: 2: 120 

Ipratropium: o-1179 

Salmeterol: u80-2719 

Tiotropium:;;:;: 2720 

Jpratropium: o-1339 

Tiotropium: 2: 1340 

Tiotropium:;;:;: o 

Tiotropium:;;:;: o 

lpratropium: 0-359 

Tiotropium: 2: 360 

Salmeterol: 0-9 

Tiotropium: 2: 10 

Tiotropium:;;:;: o 

Table 5+ Results of the sensitivity analyses showh1g the values of the ceiling ratio at which each treatment lws lite maximum 

expected net benefit (i.e. descriptio11 of the cost-effectiviness frontiers; in 2001 C). SA 1 = tmnsilion and exacerbation probabilities 

relative to those observed in the trials compllring tiotropium to ipmtropium; SA 2: transition and exacerbntion probabilities rel

ative to those observed in the trials compnring tiotropiu111 to salmetao/; SA 3: transition and exacerbation probabilities relative to 

those observed i11 the trials comparing tiotropium to placebo; SA 4: similar transition pro/labilities in all tremme111 groups (proba

bilities eqrwl those of ipratropiwn in the base case analysis); SA 5: similar exacerbati011 probabilities in all treatn1e1tt group5 (proba

bilities eqrwl those ofipratropium in the base case analysis); SA 6 to sAS: wo% of the patiellts tlt baseli11e in moderate, severe and 

very severe disease respectively; SA 9: alternative utility weight.' per disease state, mean (s c): moderate 0.81 ( o. 02), 5evere 0-72 

(O.OJ), very severe o.67 (0.05) (Kind eta/., 2002); SAw: 11Se of oxygen therapy added to the costs of maintenance thempy. 

Our model was specifically developed to facilitate the process of adaptation of pharmaco

economic data to the local setting. Indeed, the difference in results bet\veen the Netherlands 

and Canada reflect differences in treatment patterns between these countries. The finding that 

tiotropium \vas somewhat more cost effective in the Netherlands than in Canada was largely 

driven by the observation that the hospitalisation cost per exacerbation in the Netherlands 

were approximately 25% higher than in Canada, as a result oflonger length of stay. Hence, a 

reduction in the number of exacerbation-related hospital admissions in patients treated with 

tiotropium leads to considerably higher savings in the Netherlands than in Canada, espe

cially when considering the fact that the daily acquisition cost of tiotropium hardly differ 

between the two countries. Other differences between the two countries were the lower use 

of antibiotics and systemic steroids during exacerbations and the higher number of emer

gency room visits in Canada. The higher costs of maintenance therapy in the Netherlands are 

largely due to the higher use of inhaled steroids in all disease severity states. 
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An important characteristic of the model is that all model inputs related to the effectiveness 

of treatment are based on patient-level trial data of the tiotropium clinical trial program. 

This minimises the impact of different inclusion and exclusion criteria as well as trial design 

features commonly complicating across study comparisons. In addition, this approach offers 

the possibility to test the internal consistency of the model by comparing the model outcomes 

·with the results of the clinical trials. It was shown that the model closely resembled the differ

ence in the numbers of exacerbations that were observed in the original trials. The ability to 

compare the outcomes of the model with the original trial data makes the model transparent 

and may thereby increase the acceptance of this model by local reimbursement authorities. 

Limitations of this approach are that other available data about the efficacy of the exist

ing treatments, ipratropium and sahneterol, are not considered and that the outcomes of the 

model are based on the specific design of the tiotropium studies. More research is needed to 

formally integrate all available evidence on the effects of bronchodilator therapy in COPD on 

exacerbations in meta-analyses, and then modelling their cost-effectiveness to provide fur

ther information for medical decision-making. However, this is complicated by the lack of a 

uniform definition of exacerbations (Pauwels et al., 2004). 

In accordance with clinical guidelines, lung function parameters were used to classify 

patients into disease severity states (Pauwels et al., 2003). Two recently published models in 

COPD also used this disease classification (Borg et al., 2004; Sin et al., 2004). Because COPD is 

increasingly recognised as being a multifaceted disease that not only impairs lung function, 

but also has systematic consequences, in the future, it may become common practice to deter

mine disease severity based on a combination of variables. For instance, Celli et al. constructed 

a multidimensional grading system, based on FEV1, six-min walk test result, dyspnoea assess

ment, and body mass index (Celli et al., 2004). They showed that this so-called BODE index 

is better than FEV
1 

at predicting mortality. Because this index was only recently proposed, 

the classification has not been used in the clinical trials underlying the current model. 

In the GOLD guidelines, the classification into disease states is based on post-bronchodila

tor FEV
1
, whereas in the model disease classification was based on pre-bronchodilator values 

(trough FEV
1

) because post-bronchodilator values at baseline (i.e. before the start of study 

medication) were not available. The trials showed that other lung function parameters like 

peak FEV
1 

and the area under the curve of 0-3 hours post-bronchodilation as well as the for

ced vital capacity were also consistently better in the tiotropium group (Brusasco et al., 2003; 

Vincken et al., 2002). Because we have used pre-bronchodilator values for all treatments, where 

lung function measurements were done 24 hours after the last dose of tiotropium, 12 hours 

after the last dose of salmeterol and six hours after the last dose of ipratropium (i.e. at the end 

of each recommended dosing interval), there is no reason to belief that the use of pre-bron

chodilator values has favoured tiotropium over other treatments. In addition, sensitivity 

analyses 4 and 5 have shown that exacerbation probabilities were the main driver of the cost

effectiveness in terms of exacerbations avoided and that the impact of differences in disease 

state transitions in this one-year model was limited. 

Our model is a short-term model that is not intended to reflect the lifetime disease pro

gression of coP D. This explains why we did not model the impact of mortality and smoking. 
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In this study, outcomes were measured in terms of exacerbations avoided and quality adjusted 

life months (EQ-SD). The outcome parameter exacerbations closely reflects the primary aim 

of the currently available medical treatment options in COPD, which is relieving symptoms 

and preventing exacerbations of the disease (Pauwels eta!., 2003). Together with FEV
1 

it is the 

outcome measure most often used in clinical studies in coP o of this duration. Other eco

nomic evaluations in asthma and COPD also adopted exacerbations or related outcome meas

ures like exacerbation-free months or symptom-free days, as a primary outcome measure 

(Sculpher and Price, 2003; Torrance et al., 1999). The EQ-SD was not administered in the tio

tropium trials and utilities according to disease states and exacerbations had to be derived 

from literature. Data about utility values in patients with COPD was limited and we only found 

nvo studies reporting EQ-SD values according to disease severity (Borg et al., 2004; Kind et al., 

2002). These data and other studies reporting on disease-specific quality of life suggest that 

the relationship bet\veen disease severity and quality oflife is not very strong and that reduc

tions in quality oflife become most apparent in patients with an FEV
1
% predicted below so%. 

Until to date, pharmaceutical treatments have not been able to demonstrate an important 

effect on quality adjusted life years in patients with COPD and hence, \Ve were not surprised to 

find no effect in this one-year model either. Varying the utility weights (SA9) did not change 

these findings. 

As there was no head-to-head comparison of all three treatments in the same trial, data 

from the trials were combined. This was facilitated by the similar study protocols of all tio

tropium trials. For probabilities in the tiotropium arm we simply pooled the trials together. 

To obtain the data for ipratropium and salmeterol, we applied the relative difference between 

tiotropium and the two comparators as observed in the individual trials to the pooled data of 

tiotropium. There are other options, such as taking the absolute difference or simply using 

the transition and exacerbation probabilities as they were observed in the ipratropium and 

salmeterol arms of the trials. The latter option was rejected, because of differences in the 

exacerbation rate between the trials. When probabilities were based on the salmeterol-con

trolled trials (SA2) the number of exacerbations was almost twice as high as in the analysis in 

which probabilities were based on the ipratropium-controlled trials (SAl). Additional analyses 

showed that this difference in exacerbation rates between the trials \vas not related to patient

characteristics or the difference in the duration of the trial. Hence, using the combined prob

abilities for tiotropium and using the relative difference of tiotropium to the other treatments 

most accurately reflects the differences between treatments that were actually observed. 

II 5.5 CONCLUSIONS 

This probabilistic model-based economic evaluation demonstrates how clinical trial data can 

be combined and integrated with country-specific information about resource utilisation 

and unit cost in order to assess the cost-effectiveness ofbronchodilators in COPD patients. 

Quality-adjusted life months did not substantially differ behveen treatment groups. In terms 

of exacerbations, tiotropium was associated with maximum expected net benefit for plausible 

values of the ceiling ratio. In sensitivity analyses, this outcome was most sensitive to changes 

in exacerbation rates. 
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IIIIi APPENDIX 5.1: HiE CALCULATION OF TRANSITION AND 

EXACERBATION PROBABILITIES 

Transition probabilities I Probabilities to transition between disease severity states were based 

on observed data from the clinical trials. The calculation consisted of the following steps: 

1. Prebronchodilator F EV
1 
was measured at baseline and regularly thereafter during scheduled 

follmv-up visits. Based on these measurements patients were classified into disease states at 

each visit. 

2. The difference between the frequency distribution of patients over disease states at base

line and the first visit vvas used to calculate the transition probabilities for the first cycle. The 

difference bet\veen the frequency distribution at the first and last visit was used to calculate 

transition probabilities for the remaining cycles. 

3. The time between baseline and the first visit was eight days in the ipratropium- and placebo

controlled trials and 15 days in the salmeterol-controlled trials. In addition, the time between 

the first visit and last visit in the ipratropium-, salmeterol- and placebo-controlled trials was 

356, 161 and 336 days respectively. Because the length of the first cycle in the model was set to 

eight days and the length of the remaining cycles was set to one month, probabilities had to 

be recalculated into probabilities covering an eight days (first cycle) and one-month (subse

quent cycles) period. 

4. The recalculation of probabilities in case of multiple transitions from a single state is not 

straightforward and involves a difficult choice among several possible nth root solutions of 

the transition matrix (Miller and Homan, 1994). In the current study, vve obtained a solution 

for the transition matrix using a Taylor series expansion as described in the last part of this 

appendix. This step resulted in transition matrices containing eight-days (first cycle) and one

month (subsequent cycles) probabilities. Separate matrices were available for each treatment 

group by trial (i.e. 3 sets of transition matrices for tiotropium based on the ipratropium-, 

salmeterol~ and placebo-controlled trials, a set of transition matrices for ipratropium and a 

set of transition matrices for salmeterol). 

sa. In order to combine the data from the trials the transition probabilities for patients treat

ed with tiotropium \Vere based on the average of three matrices weighted by the number of 

tiotropium patients. For instance, the probability to transition from moderate to severe COPD 

for patients treated with tiotropium during the first eight days was 0.107 in the ipratropium

controlled trials, 0.095 in the salmeterol-controlled trials and o.oSo in the placebo-controlled 

trials. The numbers of patients treated with tiotropium in these trials were 344,402 and 550 

respectively. Hence, the combined probability to remain in the moderate state during the first 

cycle was calculated as: (344x 0.107+402 x 0.095+550 x o.oSo) I (344+402+550) = 0.092. 

sb. The transition probabilities for patients treated \Vith ipratropium and salmeterol were 

based on the relative differences in transition probabilities as found in the trials. These relative 

differences are multiplied with the corresponding probabilities calculated at step sa. For in

stance, in the ipratropium-controlled trials it was found that the probability for a patient 

with moderate COPD in the tiotropium and ipratropium group to transition to severe COPD 

during the first eight days was 0.107 and 0.291 respectively. Hence, the relative probability for 

ipratropium compared to tiotropium was 0.291 I 0.107 = 2-72. Finally, the probability for 



patients treated \Vith ipratropium to transition from moderate to severe COPD was calculat

ed as 2.72 times 0.092 is 0.257. 

6. Standard errors of the probabilities determined in step 5 \vere calculated as (P x ( 1-P )/N )1/2, 

1vhere Pis the probability to transition between two disease states and K the original num

ber of patients in the disease state at the start of the interval. For instance, the probability to 

transition from moderate to severe COPD for patients treated \Vith ipratropium was calcu

lated as 0.257 and the number of patients ·with moderate disease in the ipratropium group at 

baseline was 23. Hence, theSE was calculated as (0.257x (1-0.257)/23) 112 ::;;; 0.091. 

7· The resulting sets of transition parameters are presented in table 5.1. A Dirichlet distribu

tion (Briggs eta!., 2003) was assigned to these input parameters and a Monte Carlo simulation 

was performed in which values were randomly drawn from these distributions. Parameters 

of the Dirichlet distribution are the numbers of patients transitioning between disease states. 

For ease of interpretation this table presents the expected values (probabilities) and the 

associated standard errors rather than these numbers. Probabilities can be recalculated into 

numbers using method-of-moments fitting (Briggs et al., 2002). 

Exacerbation probabilities I The calculation consisted of the following steps: 

1. The number of months patients remained in each disease state and the number of exacer

bations experienced while being in a particular disease state were collected from the clinical 

trial data. 

2a. The number of exacerbations and months per disease state for tiotropium were summed 

over all three trials. For instance, the number of exacerbations experienced by patients in the 

tiotropium group, \Vhile being in a moderate disease state \vere 68.6, 44.1 and 93-4 in the ipra

tropium-, salmeterol- and placebo-controlled trials respectively. The total number of months 

patients remained in the moderate disease state were 1469,689 and 1856 respectively. Hence, 

the total number of exacerbations for patients treated vvith tiotropium in the moderate dis

ease state was 206.1 and the total number of months ·was 4014, an overall probability of 0.051. 

2b. To calculate the input parameters for ipratropium and salmeterol we first calculated (for 

each disease state separately) the trial-specific exacerbation probability for the comparator 

relative to tiotropium. This relative probability was then multiplied vvith the overall probabil

ity for tiotropium (as calculated at 2a). For instance, the trial-specific exacerbation probabilities 

for patients in the moderate disease state treated with tiotropium and ipratropium were 

0.0467 ( 68.6 exacerbations in 14691110nths) and 0.0733 (23-4 exacerbations in 319 months), res

pectively. The relative probability of ipratropium compared to tiotropium \Vas o.0733/D.0467 

is 1.568. This relative probability is multiplied with the overall probability for tiotropium of 

0.051 is o.o8o. 

2c. To estimate the SE of the probabilities calculated at 2b, we performed simple simulations 

based on 5000 iterations. Input parameters were the number of exacerbations and months 

for tiotropium and the comparator (ipratropium or salmeterol) as observed in the trials and 

the corresponding numbers for the combined tiotropium data (as calculated at step 2a). In 

each iteration, probabilities were randomly drawn from beta distributions with these param

eters. Hence, each iteration resulted in a probability for the tiotropium arm (trial-specific: 
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A) the comparator-arm (B) and the combined tiotropium arm (c). The probability of the 

comparator relative to tiotropium (D) was calculated as B divided by A, and the new proba

bilityforthe comparator (E) as c times D. TheSE is now calculated as the standard deviation 

of E of the 5000 iterations. A separate simulation was performed for every SE. 

Taylor series expansion for the calculation of period-specific transition probabilities 1 In 

order to calculate the transition probability per model cycle, we invoke the assumptions of 

a Markov chain and assume that there is a short-term improvement in disease status with

in the first eight days immediately following the initiation of treatment. Thereafter, disease 

progression is assumed to be constant over time. Mathematically, these assumptions can be 

represented by the equations: 

Nl=plTKo 

for the first period, and: 

Nk = pkT ::--;rk-1 

for the subsequent periods, where t-:
0 

is a vector representing the initial distribution of patients 

over disease state, ::-.~k is a vector depicting the distribution in period k, P
1 

is the transition 

matrix for the first period (transposed as denoted by the superscript 'T') and Pk the transi

tion matrix for the following periods. These equations can be combined because: 

::--;ri=P?No 

N=PT::-.i=PTPTN 
2 2 l 2 l 0 

N = p TN = P T P T P TN = (P T)2 p T 1\ 
}222210 210 

Etc. 

Thus Nk = (P
2
T)k·J P

1
T N

0
fork=1,2,3,. 

Under these assumptions, we can calculate the period-specific transition probability matri

ces to be used in the model. These are based on a Taylor Series expansion. 

VVith Taylor Series in one variable, functions f(x) may be represented by a power series 

of the form: 

f(x) ~ f(a) + fl>l(a)(x~a)ll' + fl''(a)(x~a)'/2! + fiJl(a)(x~a)l/J( + ... + fl"l(a)(x~a)"in' + .. 

where a is a point of interest to the investigator, f(kl(a) is the k'th derivative off(x) evaluated 

at a and k! is the factorial function (k! = k(k-1){k-2) .. (3){2)(1) ). Not unusually, the point a 

of interest is o. In that case, the Taylor Series reduces to a Maclaurin Series, namely: 

f(x) ~ f( o) + fl>l( o) x /1! + fl'l( o) x'/2! +fiJI( o) xl/3' + ... + flnl( o) x"/n! + .. 

The series relevant to this study is the binomial series which relates to the function (1 + x)b 

(where b is some number, not necessarily either positive or integer) The Maclaurin expan

sion for this function is: 

(1 + x)b ~ 1 + bx/11 + b(b~1)x'/2! + b(b~1)(b~2)x3/3' +. 

The corresponding function for (1- x)b is: 

(1 ~ x)b ~ 1 ~ bx/1! + b(b~1)x'/2! ~ b(b~1)(b~2)x3/3! + ... 

This expression does not converge for all values of x. For a univariate function, the series 

converges on the range -1::; x::;; 1 if b >o but is not an integer. 

Such an expansion may also hold for functions of matrices. In this study, we observe a 

transition matrix for a given period e.g. 6 months. For the purposes of modelling, this may 



not be directly useful as we may wish to work at a shorter time period. In other words, we 

are interested in functions such as A lin for some value of n. For example, suppose we have a 

matrix P 2ill0 , which represents the transition probabilities associated with a 2 months period, 

and that we wish to estimate the transition probability matrix associated \Vith a 1 month 

period, assuming the Markov property. If we denote that probability matrix by P Iillo then by 

the Markov assumption: 

p 2illO = p uno p lillO = (P Iill0)2 

In other words, 

If we observe P zmo (but not P till0 ), we can estimate P 11110 by: 

(r- (r- P zmo) Y"" =I- 1/J(I - P zmo)h! + 11 A11Tl)(I - P 21110 )212! - 1
/ A11rlWI 2-2) (r - P zmo)3/3! + . 

since P Iillo = P zmo'/, = (r - (r - P lmo) )" where I is the identity matrix. The question remains 

as to under what conditions this expansion will converge. It is known that the largest eigen

value of a transition matrix is equal to 1. Therefore, the spectral radius of a transition matrix 

will be equal to 1 and the series will converge. Thus, we can estimate a binomial function of 

a matrix, provided it converges. Of course, the expansion has to be truncated at some finite 

level. This, and other small errors associated with the calculation process may lead to small 

negative elements in the solution matrix. If this situation arises, the simplest solution is to 

set the negative element too and adjust the positive elements accordingly. 
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CHAPTER 6 

RECOCRCE USE AND RISK FACTORS IN HIGH-COST EXACERBATIONS OF COPD 



II 6.1 INTRODUCTION 

corn is a highly prevalent, progressive degenerative respiratory disorder and a major cause of 

disability and premature death. co Po morbidity and mortality are increasing world-wide, 

due to increasing numbers of smokers, especially among women, and the ageing of the popu

lation (Murray and Lopez, 1997). Consequently, an alarming world-wide increase in the bur

den and costs of corn is projected for the foreseeable future (Feenstra et al., 2001; Jacobson 

et al., 2000; Rutten~van MO!ken et al., 1999). 

Many patients with COPD experience recurrent exacerbations defined as episodes of wors

ening breathlessness and/or wheeze, often accompanied by greater volume or purulence of 

sputum and increased cough (Anthonisen eta!., 1987; Pauwels eta!., 2001). Exacerbations 

contribute to a more rapid decline in lung function (Donaldson eta!., 2002), morbidity and 

poorer quality of life (Seemungal et al., 2000 ), as well as to increased health care costs. They 

are the main reason for corn-related hospital admission, often after failed initial exacerba

tion therapy in the community (Miravitlles et al., 2002). Estimates of the costs of exacerba

tions vary from D:!VI 297 (1998; € 152) per exacerbation in a German study (Rychlik et al., 2001), 

SEK 3136 (1999; f 344) in a Swedish study (Andersson eta!., 2002) to FF 3289 (1994, € 501) in 

a French study (Pechevis et al., 1996). The S·wedish and German studies show the costs to rise 

considerably with the severity of the exacerbation. All of these studies report that inpatient 

hospital care is the major cost driver, responsible for 67%, 60% and 44% of the exacerbation~ 

related costs in the Swedish, French and German study, respectively. The difference in cost 

estimates between these studies is remarkable and probably due to a variety of factors in

cluding differences in definitions, patient populations, treatment patterns and methods of 

data collection. Moreover, the classification of exacerbation severity is based on the resource 

use associated with exacerbations, which of course reinforces the association between sever

ity and costs. 

To reduce the costs of exacerbations, we need to know more about risk factors for hos

pital admission, as this is the major cost driver. Such knowledge would enable us to better 

target new treatments and to minimise health care costs in patients with COPD. The goal of 

the present study was to determine the costs of exacerbations by exacerbation severity and 

identify risk factors associated with high-cost exacerbations in patients whose corn was 

considered stable at entry into the study. The classification of the severity of exacerbations 

was based on physicians' assessments and a very detailed record was kept of all relevant types 

of health care utilisation associated with exacerbations. 

II 6.2 METHODS 

Design trials I This analysis was based on data from the prospective cost-effectiveness analy~ 

sis described in chapter 4. This economic evaluation was linked to two randomised controlled 

double-blind trials comparing 18 1-1g tiotropium inhalation capsules administered once daily 

via the HandiHaler''; device with ipratropium 1 puffs of 20 1-1g administered four times daily 

via the MDL The results of the economic evaluation have been presented in chapter 4, the 

design and results of the trials have been published by Vincken et al. (Vincken et al., 2002). 

In brief, patients with a diagnosis of corn and a relatively stable ainvay obstruction defined 
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as an FEV
1 
~ 65% of predicted normal and FEV

1 
~ 70% of FVC were randomised to either 

tiotropium (n=344) or ipratropium (n=175) in a ratio of 2:1. Patients were aged over 40 and 

had a smoking history of at least 10 pack-years. Patients with a diagnosis of asthma were ex

cluded. One trial was performed in the Netherlands and the other in the Netherlands and 

Belgium. Because the design of these trials vvas identical the data were combined. After a 

two-week run-in period, patients were seen at regularly scheduled follow-up visits 1, 4, 7, 10, 

13, 19, 26, 32, 29, 45 and 52 weeks after randomisation, during which healthcare resource use, 

health outcomes and adverse events, including COPD exacerbations were recorded. The trials 

were approved by the medical ethics committees of the participating hospitals, and all pa

tients gave written informed consent. 

Exacerbations I All COPD exacerbations were recorded as adverse events in the CRF. A COPD 

exacerbation was defined as a complex of respiratory symptoms (i.e. new onset or worsening 

of more than one symptom such as cough, sputum, dyspnoea or wheeze) lasting for at least 

three days. Exacerbations were classified in the CRF as either mild, moderate or severe based 

on ratings by the physician-investigator. A mild exacerbation was defined as 'awareness of a 

sign or symptom which is easily tolerated', a moderate exacerbation as 'an exacerbation caus

ing discomfort enough to cause interference with usual activity' and a severe exacerbation 

was defined as 'an exacerbation that was incapacitating or causing inability to do work or 

usual activity'. 

Resource use and costs I A very detailed record was kept of all relevant types of health care 

utilisation associated with exacerbations, including: hospital admissions and length of stay 

(rcu and non-reT..: days), ER visits, visits to respiratory physicians, GPs and other healthcare 

providers that were not scheduled in the clinical trial protocol, ambulance transportations, 

tests, rescue medication (salbutamol MDI, 1 puff=10o J..Lg) and other respiratory medications 

including antibiotics. When a COPD exacerbation was associated with a hospital admission 

this was recorded by the physician-investigator in the CRF. At the end of the trial, all hospi

tal admissions were verified using hospital chart audit. When hospitalised patients with

drew from the study before they were discharged, the total length of hospital stay was taken 

into account, including the days after withdrawal. To calculate the medication costs during 

exacerbations, we only included those new respiratory medications that patients started to 

take during the exacerbation and the dose increases of respiratory medication that patients 

were already taking before the onset date of the exacerbation. Costs of new medications 

and dose increases were calculated until the end date of the prescription, with a maximum 

duration of three weeks after the end date of the exacerbation in case the new medication or 

nev\' dose was continued. All changes in dose during the exacerbation and the three weeks 

thereafter were taken into account. 

Costs were calculated by multiplying the resource use related to exacerbations with unit 

costs for the Netherlands in 2001 euro. All healthcare costs were included in the analysis and 

calculated from the societal perspective. This implies that all healthcare costs were taken into 

account, regardless of whether they were borne by government, private or public insurers, 
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or the patients and their families. In addition, unit costs of the major cost drivers vvere based 

on estimates of real resource use and not reimbursements. Caregiver and productivity costs 

were not included. 

Statistical analyses I Differences in baseline characteristics between patients with and with

out exacerbations \vere tested using t-tests for continuous variables and chi-square tests for 

categorical variables. Bootstrapping was used to determine 95% crs around estimates of the 

duration, resource use and costs of exacerbations by severity. The univariate association be

tween baseline-variables and time to hospital admission were investigated using log-rank 

tests. In case of continuous variables, the median was used to create two groups. Except for 

the BMI \vhich was dichotomised using the underweight criterion ofiS.s (National Obesity 

education initiative, 1998). The independent contribution of each potential risk factor for 

hospitalisation was investigated using a Cox proportional hazards analysis. Covariates se

lected for the Cox analysis included: BMI ( o: 2: 18.5; 1: < 18.5), smoking status ( o: ex-smoker; 

1: current smoker) and smoking pack-years, number of concomitant diagnoses, number of 

unscheduled physician visits prior to trial, use of inhaled corticosteroids ( o: no steroid use, 

1: steroid use) and number of concomitant medications, baseline dyspnoea index (BDI), 

FEV1 % predicted normal and the total score of the SG RQ. To verify whether the associations 

between FEV
1 

o/o predicted and hospitalisation and the sGRQ total score and hospitalisation 

became stronger when not only the baseline values of these parameters were considered, we 

also performed an analysis in which FEV
1 

o/o predicted and the SGRQ total score were entered 

as time dependent variables (i.e. an analysis based on four strata of 3 months in which the 

FEV1 and SGRQ measurements of the beginning of each stratum were used). The Cox regres

sions \Vere performed with spss® ILO.I, using a backward stepwise elimination procedure, 

selecting covariates with a p-value ~ 0.1. Variable independency was checked by inspection 

of the correlation matrix. The assumption of proportional hazards was checked using a log

minus-log survival plot. 

II 6.3 RESULTS 

Patients I Five hundred and thirty five patients were randomised of whom 519 had com

pleted at least one visit after randomisation. The baseline characteristics of these 519 patients 

are shmvn in table 6.1, comparing patients with and without exacerbations. The mean (su) 

age of patients was 64 years and 440 (85%) patients were male. Compared to patients who 

had no exacerbations during the observation period, patients who experienced at least one 

exacerbation had significantly more concomitant diagnoses {2.6 versus 2.2; p::::: 0.007), higher 

use of concomitant medications (2.9 versus 2-4; p =0.007), lower FEV1 o/o predicted {37.5 ver

sus 41.2; p::::: 0.001), worse health status (SGRQ total score: 48.7 versus 42.3; p < 0.001) and 

more dyspnoea at baseline (BDI: 6.7 versus 7.5; p = 0.001). 
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/\.ge 

Males: no.(%) 

Current smokers: no.(%) 

Smoking history in pack years 

Duration of corD in years 

)Jo. of concomitant diagnoses 

)J"o. of physician visits 3 months prior to trial 

Body :Vlass Index {BM!) 

)Jo. of concomitant medications 

Use of inhaled steroids (y/n): no.(%) 

Prebronchodilator Hv1 (liters) 

Prebronchodilator FEV1 (% ofpred.) 

SGRQ total score 

Baseline Dyspnoea Index (BD!) 

Without exacerbations N=312 

63·9 (8.}) 

268 (86) 

134 (43) 

33.4 (17.5) 

11.1 (10.0) 

2.2 (1.4) 

0.)1 (2.9) 

24.8 (3.7) 

2.4 (t.7) 

244 (78) 

1.25 (0-44) 

41.2 (12.3) 

42.} (l6.g) 

7·5 (2-4} 

Table 6.1: Clwmcteristics of the study populmion at baseline (.• .. r=519). 

With exacerbations N=207 

6}.9 (8.1) 

172 (83) 

96 (46) 

33·9 (1/.4) 

12.1 (9.8) 

2.6 (1.slt 
0.49 (2.6) 

2).1 (4.0) 

2.9 (2.0):[: 

164 (79) 

1.09 (o.}S):j: 

37-5 (n.6):]: 

48.7 (16-4):i: 

6.; (2.6)j: 

A.Jmn (sD) unless stated otherwise; f:t r-valliC of the differeiJce between patients with and without exacerbations: t < 0.05, :t < 0.01. 

Exacerbations I The 519 patients included in the current analysis experienced 364 exacer

bations. The mean (95% cr) number of exacerbations was 0.70 ( o.6o; 0.81) per patient and 

the mean number of exacerbation-days was 11.32 (9.34; 13.30) per patient. After correcting for 

differences in the duration that patients remained in the study, the mean number of exacer

bations and exacerbation-days per patient-year were o.So and 12.97, respectively. About 40% 

(n :o:: 207) of the 519 patients experienced at least one exacerbation. The maximum number 

of exacerbations in one patient was nine. The mean (95% cr) duration of an exacerbation was 

16.1 {14.8; 17.6) days and the median duration was 12 days. About 10% (n :o:: 36) of the exacer

bations was severe, 47% {n :o:: 173) moderate and 43% (n :o:: 155) mild. The mean (median) du

ration of a severe exacerbation was 25.3 (20) days (95% cr: 19.8; 31.3), which vvas significantly 

longer than the mean (median) duration of moderate and mild exacerbations which 1vere 

16.6 (13) days {95% cr: 14.7; 18.9) and 13.5 (n) days {95% cr: 12.1; 15.1) respectively. 

Resource use during exacerbations 1 Health care resource use data were complete for 350 of 

the 364 exacerbations (table 6.2). Of the severe exacerbations, 78% (n :o:: 28) was associated 

with at least one hospital admission and 25% (n :o:: 9) with at least one ER visit. Of the mod

erate exacerbations, 16% (n :o:: 26) was associated with a hospital admission and 5% (n :o:: 8) 

with a visit to the ER. Only in one case, a patient was hospitalised when experiencing an 

exacerbation rated as mild by the clinician. In case of a hospitalisation, the mean (median) 

length of stay was 15-4 (14) (95% cr: 12.5; 19.2) days for a severe exacerbation and u.S (10) 

(95% CI: 9.8; 14.1) for a moderate exacerbation. The mean (median) number of unscheduled 

visits \Vas 2.3 (2) (95% cr: 1.5; 3-4) in severe exacerbations and 1.6 (1) (95% CI: 1.2; 2.3) in mod

erate exacerbations. All resource use other than GP-visits was highest in severe exacerba

tions. 



Days general/pulmonary ward 

Days intensive care unit 

Visits to respiratory physician 

Visits to GP 

Visits to other healthcare provider 

Visits to ER 

Puffs of salbutamol rescue medication 

Ambulance services 

2.05 ().26) 

0.09 (1.}0) 

0.39 (0./3) 

0.66 (1.03) 

0.29 (2.50) 

0.05 (0.22) 

72 (117) 

0.06 (0.}1) 

Table 6.2: ]'vfean (sv) resource 11se per exacerbation. 

Severity of exacerbation 

Severe Moderate Mild 

11.08 (7.89) 1.87 (4.85) o.os (o.gS) 

0.86 (4.03) 

0.82 (1.32) 0.37 (0.61) 0-31 ( o.6J) 

0.70 (0.94) 0.78 (LoS) 0.)2 (0.99) 

o.so (2.33) 0-44 (3-42) o.og ( o.67) 

0.2) (0.44) 0.0) (0.22) o.o1 (o.o8) 

143 (168) 73 (137) 53 ( 62} 

0.31 (o.;s) 0.07 (0.27) 

Cost of exacerbations 1 Table 6.3 presents the unit costs of the major resource use items and 

the mean costs per exacerbation by severity. The mean (95'Yo cr) cost of an exacerbation was 

€ 720 (515; 1003). The mean costs of severe exacerbations were € 4007 (2551; 6366), which \Vas 

approximately 7 times higher than the mean costs of moderate exacerbations ( C 579, 95% cr: 

407; 769) and 47 times as high as the costs of mild exacerbations ( € 86, 95% cr: 6o; 130). The 

median costs of mild, moderate and severe exacerbations were ( 49, C 86 and € 2824 respec

tively. About 86% of the costs of severe exacerbations resulted from inpatient hospital days and 

6% from diagnostic tests. Despite the relatively low percentage ofhospitalisations in moder

ate exacerbations (16%), hospitalisation costs accounted for 71% of the costs of moderate 

exacerbations. In mild exacerbations, concomitant medications were the main cost driver 

and accounted for 37% of the total costs whereas unscheduled visits accounted for 33% of the 

total costs. Costs of concomitant medications varied considerably with exacerbation severity 

and ranged from € 158 (95% cr: 90; 249) for a severe exacerbation to € 32 {95% cr: 27; 37) for 

a mild exacerbation. Figure 6.1 shows the costs of medications during exacerbations. About 

58% of these costs were due to antibiotics and about 22% due to systemic corticosteroids. 

Figure 6.2 shows the relationship between the proportion of exacerbations and the pro

portion of total costs of exacerbations. The curve has a steep slope at the beginning, indicat

ing that a small number of exacerbations accounted for a large part of the total costs. The 16% 

of exacerbations that were associated \Vith a hospitalisation accounted for approximately 

90% of the total costs of exacerbations. About half of these exacerbations were rated severe 

and the other half was rated moderate. The total costs of all exacerbations accounted for ap

proximately 34% of the total respiratory-related health care costs that "\Vere calculated in the 

prospective economic evaluation in chapter 4. 

Factors associated with time to hospital admission I Table 6.4 shows the univariate associ

ation benveen patient characteristics and the Kaplan-Meier estimate of the cumulative pro

portion of patients with hospitalisation. A low BMI, a high number of concomitant diagnoses, 

a high number of respiratory medications, a low BDI score and assignment to the ipratropium 
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Severity of exacerbation 

Unit costs per day/visit All (N=3so) Severe (N=63) Moderate (N=o176) Mild (N=111) 

General/pulmonary ward 222 454 (1167) 2456 (1748) 413 (1074) IS (217) 

Intensive care unit 1146 JOI (1493) 987 (4617) 

Visits respiratory physician 5' 20 (38) 43 (69) 19 (32) 16 (32) 

Visits to GP .s 12 (18) 12 (16) I4 (19) 9 (17) 

Visits to ohcp ,, 6 (48) lO (44) 8 (6;) 2 (u) 

Visits to ER 98 5 (22) 25 (43) 5 (21) I (8) 

Rescue medication 2 (3) 4 (5) '141 I (2) 

Respiratory medications 52 (95) 158 (244) 46 (;2) 32 (32) 

Diagnostic tests 53 (167) 236 (340} 54 (157) 7 (20) 

Ambulance transportations !6 (79) 77 (189) 17 (69} 

Total heallhcare costs 720 (2354) 4<J07 (5922} 579 (1227} 86 (233) 

Table 6.3: Mean ( SD) costs per exacerbation in 2001 cw-o. 

HCP: health care provider. 

E 140-
D Antibiotics 

IIIII Corticosteroids 

f. 120 C:: Other medications 

€ 100 

€ So 

€ 6o 

€ 0 

Severe exacerbation :\1oderate exacerbation Mild exacerbation 

Figure 6.1: Costs of I!Jcdication per exacerbation in 1001 ntro. 

treatment arm were significantly associated with an increased risk of hospitalisation. The 

largest differences in the proportions of patients with hospitalisation were found between 

patients with a history of more or less than two concomitant diagnoses ( 0.19 versus o.o6) and 

behveen patients with a BMI below or above 18.5 (0.37 versus 0.10). 
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Figure 6.2: Cumulative costing wrve oft!te costs per exacerbation. 

In the Cox proportional hazards analysis BMI, treatment group, the number of concomitant 

diagnoses at baseline and BDI were independent risk factors of hospital admission (table 6.5). 

The risk of hospitalisation for patients with a BMI below 18.5 was 3.6 times higher than for pa

tients without underweight. A one-unit decrease (=increased dyspnoea) in the BDI increased 

the risk of hospitalisation by 18.2% and each additional diagnosis increased the hazard rate 

by 40-4%. Patients treated with tiotropium experienced less than half the hospitalisation risk 

of patients treated with ipratropium. The correlation matrix showed that the Pearson corre

lation coefficients between then variables that entered the model at the start were always less 

than 0.37, except for the EDI and the SGRQ. These two variables were highly correlated (Pear

son R: 0.651; p < 0.001). VVhen the baseline values of both were entered, the BDI proved to be 

a more powerful predictor. VVhen the BDI was left out, the SGRQ demonstrated an increased 

risk of hospitalisation of 8% for each four units increase (=worsening) in the SGRQ total score. 

Entering FEV1% predicted and the SGRQ as time-dependent variables did not improve the 

model, nor did adding the SGRQ domains instead of the SGRQ total score. Excluding treat

ment arm as a covariate did not lead to a statistical significant contribution of other risk fac

tors, while the other significant covariates in the model were hardly affected. 

II 6.4 DISCUSSION 

About 40o/o of the patients whose COPD was judged to be stable at entry into the current study 

experienced at least 1 exacerbation and the mean number of exacerbations per patient-year 

was o.So. The mean duration of an exacerbation was 16 days. There was a wide variation in 

the costs of exacerbations, ranging from € 4007 for a severe exacerbation to € 579 and € 86 

for moderate and mild exacerbations. About 16o/o of the exacerbations was associated with a 

hospital admission and these exacerbations were responsible for about 90o/o of the total costs 

of exacerbations. A BMI below 18.5, a higher number of concomitant diagnoses and increased 

dyspnoea (a low B or score) at baseline were significantly associated with an increased risk of 

hospitalisation. In addition, treatment with tiotropium reduced the risk of hospitalisation by 

57o/o compared to ipratropium. 
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Cumulative proportion 

of patients with P-value 

Predictor variable Subgroups* hospitalisation"!" (log-rank test) 

Smoking stJtus ex smoker 0-09 

smoker 0.14 0.094 
Smoking pack years < 30 0.08 

>w 0.16 o.oss 
Body Mass Index (BMI) < 1S.s 0.37 

> 1S.5 0.10 < 0.001 

No. of concomitant diagnoses <> 0.06 

>> 0.19 < 0.001 

No. of concomitant medications <> 0.07 

>> 0.16 0.019 

Cse of inhaled steroids (y/n) no steroid use O.ll 

steroid use 0.11 0.690 

1\"o. of physiciJn visits 3 mo <> 0.11 

prior to trial >; 0.07 0.760 

F EV, { 0/o of predicted normal) < 39 0.13 

> 39 0.10 0.070 
SGRQ total score < 44 o.os 

>44 0.1) o.o66 

BJseline Dyspnoea Index {Bor) <7 O.J7 

>7 0.06 0.004 

Treatment group assignment ipratropium 0.14 

tiotropium 0.10 o.o4S 

Table 6.4: Univariate analysis offactors associated with time to hospitalisation. 

~In cnse of continuous variables the median was used to aeate two groups; B!vii was split imo two groups using t/Je underweight 

aiterion of18.5 (National Obesity cducatio1! initiative, 1998); t cunw/ntive pmportiom baser! on Kaplan-Meier curves. 

Predictor variable*"!" Increment Relative risk gs% c1 

Body Mass Index (n:.-1 r} 0 "'>IS.) 3.62 1.)0; 8.71 

1 = < 18.5 

1\o. of concomitant diagnoses per additional diagnosis 1.40 1.1); !.72 

Baseline Dyspnoea Index (BDr} per unit decrease LIS 1.04; 1-34 

Treatment group assignment o::: ipratropium 0-43 0.23; 0.78 

J = tiotropium 

Table 6.5: Final Cox proportional/Jazards analysis of the time to hospitalisation for COPD exacerbation. 

~Backward stepwise climinhwtion procedure (p < o.Jo); i" variables entered into the full model: smoking status, smoking pack 

years, DMI, 110. of concomitant diagnoses, no. of COHcomitant medications, rtse of inhaled corticosteroids, no. of physician visits 3 

months prior to the trial, FEV 1% predicted, SGRQ total score, BDI, treatment group. 
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The definition of exacerbation severity was based on physicians' assessments of the extent to 

which an exacerbation interfered with the ability to perform usual activities. Previous stud

ies have used health care resource use to define severity. In such a classification, severe exacer

bations are often defined as those associated with a hospital admission, moderate exacerba

tions as those associated with an outpatient visit ·with or without the prescription of an oral 

steroid or an antibiotic, and mild exacerbations as those that are primarily self-managed. Vle 

did not adopt this definition because treatment patterns are likely to vary across settings. An 

exacerbation that is severe in one country might not be rated as severe in another country 

because the countries may use different criteria to hospitalise a COPD patient. However, when 

we applied this definition to our study, we observed a further increase of the difference in 

costs between severe exacerbations ( € 4117) on the one hand and moderate ( € 123) and mild 

exacerbations ( € 29) on the other hand, signifying the large impact ofhospitalisations on the 

cost per exacerbation. 

The Cox proportional hazard analysis showed that, apart from treatment group, a low 

BMI, a higher number of concomitant diagnoses and dyspnoea measured with the BDI were 

significantly associated with hospitalisation. The BDI was a better predictor than FEV1, which 

is generally considered to be the most important marker of COPD severity. Even when BDI 

was removed from the model, FEV1 ·was not identified as an independent risk factor for hos

pital admission. This finding is in line with other studies, which reported that dyspnoea vvas 

predictive of (severe) re-exacerbations (Seemungal et al., 2000) and mortality (Nishimura et 

al., 2002). Dyspnoea might 'reflect more comprehensive information than airway obstruction' 

(American Thoracic Society, 1999) and might be a marker of COPD severity that is at least as 

important as FEV1. Especially when dyspnoea is measured ·with an instrument like the BDI, 

which also covers the functional aspects of breathlessness as assessed by the patient. This 

probably explains part of the interchangeability between the BDI and the SGRQ. The SG RQ 

has been shown to predict hospital admission before (Osman et al., 1997). \A/hen BDI was re

moved from the model, the SGRQ became a significant risk factor of hospitalisation, where

as the coefficients of the other significant covariates were hardly affected. \A/hen both were 

entered, the BDI appeared to be more powerful. Even when the SGRQ was entered as a time

dependent variable- to study \vhether quality of life in the period before the hospitalisation 

is a better predictor than quality of life at baseline~ the B nr continued to show a stronger 

association with hospital admission than the SGRQ. 

Strengths of the current study were the prospective and detailed collection of data about 

exacerbations and resource use. It should be noticed, however, that these data were collected 

in a clinical trial setting. As in most clinical trials, patients were monitored closer than in 

daily practice. There is always a risk that the regularly scheduled trial visits substitute visits 

that would have occurred if the trial had not taken place. On the other hand, patients in a 

trial are often more strongly encouraged to contact the physician when their condition dete

riorates. As described in chapter 4, the trial was performed in a population of stable COPD 

patients with less comorbidity than in the average COPD population. Even in this population, 

we found that exacerbations accounted for approximately 34% of the total respiratory-related 

healthcare costs. This 34% compares well to a Swedish observational study that applied very 
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few selection criteria. In that study it was found that approximately 35%-45% of the costs of 

COPD treatment were due to exacerbations (Andersson et al., 2002). These percentages are 

very different from a number of database-studies reporting costs in the us (Hilleman et al., 

2000; Sullivan et al., 2000 ). Although these studies did not explicitly relate costs to exacerba

tions, it was estimated that approximately 70% of the costs of treating patients with COPD 

were due to hospitalisations. This higher percentage is probably related to the higher unit 

costs of an inpatient hospital day in the us, but may also be due to differences in treatment 

patterns and study design. The data at least suggest that there are large differences in the costs 

of treating co Po across countries, which may have large impacts on the cost-effectiveness of 

(new) treatments in COPD. Any treatment that successfully prevents severe exacerbations and 

costly hospitalisations is likely to be most cost-effective in countries with high costs of hospi

talisation. 

ffill 6.5 CONCLUSIONS 

Many patients whose COPD is judged to be stable experience exacerbations. According to our 

definition of severity, roughly 40% of the exacerbations was mild, so% was moderate and 10% 

was severe. Costs of severe exacerbations were approximately 7 and 47 times as high as the 

costs of moderate and mild exacerbations respectively. Exacerbations that were associated 

with a hospitalisation accounted for 90% of the total costs of exacerbations. A low BMI, a 

history of concomitant diseases and increased dyspnoea are factors that are likely to identify 

patients who are at increased risk of generating high costs as a result of hospitalisation. 
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CHAPTER 7 

METHODS TO ANALYSE INCOMPLETE COST DATA OF PAT!Eh'TS \VHO DROPOUT I:-;) A 

CLINICAL TRIAL SETTI:\!G 



1111 7.1 INTRODUCTION 

Missing data because of patients withdrawing from a study before reaching the scheduled 

end date cause a well-knmvn problem in the analysis oflongitudinal data. If patients are to 

be followed for a fixed time period, for instance one year, and a patient decides to withdraw 

from the study after nine months, data for the last three months may be lacking. Although it 

is better to avoid withdrawal (dropout) or to continue the collection of data after dropout, 

in practice this often proves to be impossible and the data of patients who withdraw cannot 

be analysed using standard methods for analysis. Missing data because of dropout is a com

mon problem, but it has received little attention in the context of economic evaluations. 

Compared with most clinical and quality oflife data, cost data have some special charac

teristics affecting their analysis. Firstly, the variable of interest in cost-analysis is the cumu

lative cost over a certain time-period, >vhereas clinical and quality of life data are usually 

measured at several points in time. Secondly, costs tend to vary widely over time within one 

patient. A patient, who is being hospitalised during time interval t, will have very high costs 

over this interval, \Vhile costs over t-1 and t+1 can be very low or even zero. Thirdly, resource 

use data are usually characterised by severe skewness of the underlying probability distribu

tion; a fe\v patients with very high costs and the majority of patients with limited or even 

zero costs. The combined occurrence of these three properties is characteristic for cost data 

and it is unclear whether existing methods for dealing with censored data are suitable to deal 

with these characteristics. 

Despite the fact that premature study withdrawal is likely to occur in almost every lon

gitudinal economic evaluation, only few studies actually report the rate of dropout and the 

methods that have been used to analyse the data from these patients (Barber and Thompson, 

1998; Rutten-van MO!ken et al., 1994). Vv'hether or not dropout is a serious problem in a par

ticular study depends on the rate of dropout, the difference in this rate between treatment 

groups and the underlying causes for dropout. Particularly in those situations in which a 

relationship is found between disease severity and the rate of dropout, or when the rate of 

dropout differs between treatment groups, the impact of the method used to deal with the 

data of these patients may be large. 

The methods that are available to deal with the missing data of patients who dropout can 

be distinguished into so-called naive and principled methods (Schafer, 1997 ). Nai:ve methods 

aim to provide an estimate of the mean costs by omitting patients (complete cases analysis) 

or by imputing one single value for each missing observation. Nai:ve methods do not adjust 

the variance for the missing observations and, consequently, the Cis or p-values of the cost 

analysis are likely to be biased. This is even true in cases \vhere the dropout pattern is com

pletely at random. Examples of nai"ve methods are extrapolation, last value carried forward 

(LVCF), or regression-based methods such as predicted mean. Principled methods do not only 

provide an estimate of the mean cost but also aim to provide an unbiased estimate of the 

variance by taking account of the missing observations (Schafer, 1997). Examples of principled 

methods are the expectation maximisation (EM) algorithm (Little and Rubin, 1987), multiple 

imputation (Rubin, 1987), general linear mixed models (Zeger and Liang, 1986), and tech

niques based on survival analysis (Lin et al., 1997). To date, the use of principled methods to 
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deal with cost data of dropouts in economic evaluations has been very limited and mainly 

focused on the use of survival based methods. This method provides an unbiased estimator of 

the average costs in case of independent censoring, but this is not necessarily the case when 

dropout is related to the condition of the patient (Lin et al., 1997). 

In the prospective economic evaluation of tiotropium versus ipratropium in chapter 4, 

we \Vere confronted with patients who dropped out during the study before their scheduled 

end date. The overall dropout rate was modest (17%), but worsening of a patient's health was 

the reason for more than 70% of the dropouts. Hence, there was a large difference in the mean 

costs per day of the dropouts compared with the costs of the patients who completed the 

study. To deal ·with the data of dropouts in this study we applied multiple imputation and 

compared the results \Vith four nai:ve methods; complete cases analysis, linear extrapolation, 

hot decking and predicted mean. The objectives of this paper were to demonstrate the im

pact of dropouts on the outcomes of an economic evaluation, and to compare the mean and 

variation in costs obtained with each of the five methods to deal vvith missing observations. 

Ill 7.2 METHODS 

The trials I The economic evaluation was performed alongside two clinical trials performed 

in the Netherlands and Belgium in patients with COPD comparing the ne·w long-acting bron

chodilator tiotropium (1811g once daily) with the short-acting bronchodilator ipratropium 

(40 11g four times daily). coP o is a chronic progressive disease of the respiratory system, char

acterised by chronic bronchitis and/or emphysema. Patients with corn have a decreased pul

monary function and usually show symptoms of cough, sputum production and dyspnoea 

upon exertion (Pauwels et al., 2001). Treatment of patients with COPD is directed to relieve 

symptoms and to prevent exacerbations of the disease. To be included in the trials, patients 

with a diagnosis of COPD were required to have a moderate to severe airway obstruction 

(FEV
1

..:;; 65% predicted normal), to be at least 40 years of age, and to have a smoking history 

of more than ten pack-years. Patients vvith a history of asthma or any significant disease oth

er than COPD were excluded. Patients were randomised to receive either tiotropium or ipra

tropium in a ratio of 2:1. The clinical studies showed that FEV1 improved above baseline by 

120 ML after one year for patients receiving tiotropium, whereas it declined by 30 ML for pa

tients receiving ipratropium. Tiotropium was also found to be more effective in improving 

dyspnoea, exacerbations and health-related quality of life. 

Primary outcomes of the economic evaluation were the incremental cost-effectiveness 

ratios over one year: cost per exacerbation avoided and cost per patient with a relevant im

provement on the SGRQ. The SGRQ is a disease-specific quality of life questionnaire, with 

scores ranging from o (no impairment) to 100 (full impairment) (Jones et al., 1991). Direct 

health care costs were measured from a societal perspective and included inpatient hospital 

days on wards and ICUs, outpatient visits to pulmonologists, GPs and other health care pro

viders, ER visits, ambulance transportations and costs of study drugs and concomitant med

ications. Only respiratory-related resource use was included. Health outcomes and resource 

use were collected during scheduled follow~up visits 1, 4, 7, 10, 13, 19, 26, 32, 39,45 and 52 weeks 

after randomisation. At each visit resource use data since the previous visit ·were collected. 
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Costs were calculated by multiplying the resource use per patient with fixed country-specific 

unit costs expressed in 2001 euro. The economic evaluation is described in chapter 4- For a 

detailed description of the trial we refer to other publications (Vincken et al., 2002). The costs 

reported in this paper differ slightly from the costs reported in chapter 4, because resource 

use for all patients in chapter 4 was based on Dutch unit costs. In the current analysis the 

resource use of Belgian patients (15% of the patients) is valued using Belgian unit costs. 

Problem description I A total number of 535 patients were randomised into the trials, 356 

into the tiotropium and 179 into the ipratropium group. Figure 7.1 shows the proportions of 

patients in both treatment groups remaining in the study at each visit. Five hundred and 

nineteen patients, 344 (97%) in the tiotropium group and 175 (98%) in the ipratropium 

group, completed at least the first clinic visit one week after randomisation and were 

included in the analyses. After six months, the numbers of patients in these groups were 323 

(91%) and 155 (87%) respectively. Three hundred and two patients (85%) in the tiotropium 

group and 141 patients (79%) in the ipratropium group completed the entire one-year trial 

(Pearson Chi-square p = o.oS). The mean (sD) time on treatment of patients who dropped 

out of the study was 113 (no) days in the tiotropium group and 107 (96) in the ipratropium 

group (Student's t-test p = 0.81). Table 7.1 shows the reasons for dropout in the two treat

ment groups. All patients who completed at least the first visit after one week were included 

in the economic evaluation. 

Baseline 4 7 w ,, 32 39 

D Tiotropium 

II Ipratropium 

45 

Figure 7-1: Proportion of patients remaining in the study at each visit. 
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Reason for dropout Tiotropium (N=3s6) lpratropium (N=179) 

\Vorsening of coPD 

\Vorsening of other disease 

Other adverse events 

\Vithdrawn consent 

Lost to follow-up 

Lack of efficacy 

]\'on-compliant 

Other reasons 

Total 

Table 7.1: Number(%) of dropo11ts by reason and treatment group. 

11 (J.l) 

2 (o.6) 

23 (6.s) 

5 (1.4) 

2 (o.6) 

3 (o.S) 

3 (o.S) 

5 (1.4) 

54 (1).2) 

There were considerable differences between patients who completed the trial and those who 

dropped out before the scheduled end date. Mean (so) age of the completers was 63.6 (8.1) 

years versus 65-4 (8.5) years for the dropouts (Students' t~test p = o.os). Patients who dropped 

out also had a lower mean (so) FEV1 percentage predicted normal at baseline (completers 

40.3% (12.1); dropouts 37.0% (12.5); Students' t-test p = 0.02) and lower quality of life as meas

ured by the SGRQ (completers 44.2 (16.8); dropouts 48.7 (17.1); Students' t-test p = 0.02). In 

addition, a large difference was found between the costs of patients who completed the study 

versus the costs of patients who dropped-out before the scheduled end date. The mean (so) 

costs per day of the completers were ( 2.64 (6-56) in the tiotropium group and f 2.66 (4.06) in 

the ipratropium group. The mean costs per day of the dropouts during the time they remained 

in the study were approximately four times higher; € 10.32 (21.75) in the tiotropium group 

and € 10.98 (16.87) in the ipratropium group. A bootstrap analysis showed that the differ

ences between the completers and the dropouts were statistically significant (mean (95% cr) 

difference in the tiotropium group: 7.87 (1.82; 14.87); ipratropium group: 8.32 (3.14; 14.95). The 

combined occurrence of a difference in dropout rate between the two treatment groups and 

the large difference in the costs per day between the completers and the withdrawals '..Vas the 

main reason to further investigate the impact of dropouts on the mean and variation in costs. 

Methods to deal with the data of dropouts I Five methods were applied to deal with the cost 

data of dropouts (Little and Rubin, 1987): complete cases analysis, linear extrapolation, pre

dicted mean, hot decking, and multiple imputation. 

Complete cases I The complete cases analysis excluded the data of all patients who dropped

out the study before the scheduled end date. Hence, the analysis was based on patients with 

complete follow-up dai:a only. 

Linear extrapolation 1 In linear extrapolation, the costs of the censored patients were ex

trapolated to 1 year by dividing the observed costs of a patient by the number of days that 

particular patient remained in the study and multiplying the result by 365. 

g6 

11 (6.1) 

4 (2.2) 

8 (4.5) 

4 (2.2) 

o (o.o) 

3 (l./) 

3 (l./) 

5 (2.8) 

38 (21.2) 



Predicted mean I Predicted mean (or regression imputation) uses ordinary least squares 

multiple regression analysis to impute the most likely value for each missing cost observation 

(Little and Rubin, 1987). Separate regression equations were estimated for both treatment 

groups and for all subsequent visits using data from patients who had an observation in that 

particular period. Independent variables included demographic and baseline variables and 

costs and health outcomes from previous periods. The relationship between costs per visit 

and all independent variables was determined through regression and variables were selected 

if their p-value \Vas < o.o; at least once, or< 0.10 at two or more time-periods. If the corre

lation between the selected independent variables \vas above 0-40, only the variable with the 

highest frequency of significant correlations with costs was selected. Similar sets of independ

ent variables were used in the two treatment groups. Table ;.2 shows the variables that were 

selected as independent variables. For each patient with a missing cost observation the value 

predicted by the regression equation was imputed. 

Baseline variables Variables from the previous period 

·weight Health care costs 

Evening peak expiratory flow rate (PHR) 

Smoking status (current or former smoker) 

Number of pack-years smoked 

The number of COPD exacerbations 

Disease-specific quality oflife (sGRQ total score) 

Transitional Dyspnoea Index Score 

·weekly number of puffs of rescue medication prior to trial 

Use of short-acting bronchodilator prior to trial {yes/no) 

Number of unscheduled visits to physician prior to trial 

Number of unscheduled visits to other HCP prior to trial 

Pulmonary function (FEV1) 

Table 7-2: Independent variables selected for predicted mean and multiple imputation. 

HCP: healthmre provider. 

Hot decking I Hot decking involves the selection of a limited number of categorical variables 

by which patients are sorted in so-called imputation classes (Little and Rubin, 1987). The in

tention is to create imputation classes which each contain a homogeneous group of patients. 

To form imputation classes in the current analysis, two variables that showed a strong rela

tionship with costs were selected. A variable indicating whether or not a patient had an exac

erbation during the previous period, and a variable related to costs during the previous period. 

The latter was receded into a categorical variable such that patients were divided in three 

equal-sized groups. Hence, hot decking was performed using six {two times three) imputa

tion classes. The procedure was performed separately for both treatment groups and for all 

subsequent visits. Within an imputation class, for each patient with a missing cost observa

tion, a value was randomly dmwn from the patients who were in the same imputation class 

and who had complete follow-up data for that visit. 

Figure 72 shows a simplified example of the hot deck procedure. In this example, 20 

patients were divided into four groups (imputation classes) based on their costs and exacer

bations in the previous period: low costs without an exacerbation, low costs with an exacer-
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bation, high costs without an exacerbation and high costs with an exacerbation. Four patients 

had a missing observation. For each of these patients, a value was randomly drawn with re

placement from the other patients in the same imputation class. Imputing these values for 

the missing observations resulted in a complete data set. 

I Subject Costs previous Exacerb. Observed Random selection I Complete 

(ptno) period previous period values with replacement dataset 
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Figure ;1.2: Simplified example of the hot deck procedure. 

Multiple imputation I Multiple imputation is a technique that, instead of imputing one 

value for each missing observation, replaces each missing observation with a set of m (in this 

case ten) plausible values (Lavori et aL, 1995; Rubin, 1987; Rubin and Schenker, 1991). Hence, 

the method resulted in ten complete data sets for which the overall mean and variance were 

estimated. The mean was simply calculated as the mean of the ten data sets. The variance 

within data sets was combined with the variance between data sets to take account of the 

extra uncertainty that resulted from missing values, using (Schafer, 1997): 

Total variance::::: Varin+ (1 + m·1) x Varbet 
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Quintile 

where Varin is the mean of the variances vvithin the data sets divided by the sample size, Varbcr 

is the variance between the data sets, and m is the number of imputed data sets. 

Several methods are available to impute values within each data set (Schafer, 1997). In the 

current analysis we applied the propensity score method that consisted of four steps. Firstly, 

a logistic regression was performed to predict the probability that a cost observation was miss

ing. The outcome is called a propensity score. Note that, unlike the predicted mean method, 

the outcome of the regression reflects the probability a value was missing rather than the 

value to impute. Next, patients were sorted according to their propensity score and divided 

into five equal~sized groups. During the third step, a random sample with replacement was 

drawn from the observed values within each quintile. This sample is called the posterior pre

dictive distribution. Finally, for each missing observation, a value was taken at random from 

this posterior predictive distribution. Figure 7·3 gives a graphical presentation of these four 

steps (O'Callaghan, 1999). This procedure is repeated ten times for both treatment groups 

and for all subsequent visits. The procedure to select covariates for the logistic regression \Vas 

similar to the one described above in relation to the predicted mean method. 

Subject Propensity Observed 

(ptno) score values 

>90 0.6905 wo 

136 0.6934 70 

279 0./012 95 

W9 O.j029 90 

432 0.7049 6j 

521 0.7098 So 

289 0.7109 75 

348 0.6995 

219 0.7023 

'59 O.jllO 

with replacement 

sample of size 7 

l 
random 

"' 
complete 

sample 

95 

90 

6j 

So 

sample 75 

1st 

random 

sample 

70 
~tlw 

99 

65 

•• 
70 

90 

wo 

with replacement 

sample of size 3 

Estimated posterior 

predictive distribution 

Figure ;7.3: Graphical presentation of the propensity score method to impute vahws using the multiple imputntion procedure 

(reproduced from: O'Callaglwn, 1999, with permission). 
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'As Observed' costs 1 In addition to the five methods described above, the results section re

ports the costs 'as observed', which were calculated as the sum of the observed costs of all pa

tients ( completers and dropouts) divided by the sum of days patients remained in the study 

and multiplied by 365. This calculation resulted in an estimate of the mean cost per patient 

without an estimate of the variation around this mean. Hence, it was not a proper method to 

statistically analyse data of censored patients. The results of this method were reported only 

for reasons of comparison. 

Analysis I The results are expressed as the mean costs and standard errors per patient year. 

Data \Vere analysed using SPSS version 10.0-7- Multiple imputation and hot decking \vere per

formed using Salas 2.0. 

lll!l 7.3 RESULTS 

Mean costs I Because 16 patients (12 in the tiotropium group and 4 in the ipratropium group) 

discontinued the trial before the first follow-up visit, 519 patients were included in the cost

effectiveness analysis of \vhom 344 in the tiotropium group and 175 in the ipratropium group. 

Table 7-3 shows the estimates of the mean (sE) annual costs per patient within the two treat

ment groups after applying each method. Costs in the tiotropium group varied from ( 955 

after complete cases analysis to C 1298 after linear extrapolation. The corresponding estimates 

in the ipratropium group were E 970 and ( 1561 respectively. The difference between the im

putation methods on the one hand and the complete cases and as observed analysis on the 

other hand was greater in the ipratropium group than in the tiotropium group. This reflected 

the greater proportion of dropouts because of worsening of co PD in the ipratropium group. 

Estimates of the mean costs after hot decking, predicted mean and multiple imputation in 

the tiotropium group were almost similar and varied from € 1110 after predicted mean to 

€ 1150 after multiple imputation. In the ipratropium group they varied from € 1415 after mul

tiple imputation to ( 1512 after predicted mean. Higher estimates of the mean costs were 

associated with increased standard errors. SEs \Vere found to be lowest after the complete 

cases analysis and highest after linear extrapolation. 

Tiotropium lpratropium Difference 

Mean " Mean " Mean gs% c1 

As observed 1081 NA 12)2 :.JA -171 l':A 

Complete cases analysis 955 137 970 125 _,5 -379; 349 

Linear extrapolation 1298 '98 1)61 244 -263 -878; 353 

Predicted me-an 1110 '36 1512 204 -402 -883; 79 

Hot decking 1126 133 1485 ,,, -359 -771; 54 

Multiple imputation ll)O ,,, 1415 ,,, -265 -709; 180 

Table 7.3: Menn (sE) costs per treatment group after applying different methods to den/with the dma of dropout.< (in 2001 curo). 

NA: not 11pplimb/e. 
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Mean difference in costs I The difference in costs between treatment groups varied from ( 15 

after complete cases analysis to ( 402 after predicted mean analysis. Despite the high costs 

after linear extrapolation in both groups, the corresponding difference in costs \vas only 

€ 263, similar to the difference obtained by multiple imputation and considerably lower than 

that obtained by hot decking and predicted mean. The as observed analysis showed that a 

considerable share of the estimated annual difference in the costs bet\veen the treatment 

groups was already observed before applying any of the imputation methods. Figure 7.4 gives 

a graphical presentation of the differences in mean costs and the corresponding 95% crs. 

The figure shows that the difference in costs was not statistically significant with any of the 

methods. The widest interval was obtained after linear extrapolation and the smallest after 

complete cases analysis. 

Ill 

M' 

Figure 7-4: Mean and 95% cr of the difference in costs between treatment groups in 2001 wro. 

OBS=As observed; cc=CO!ilplete cases a1wlysis; LE=lincar extrapolation; PM""predicted mea!Ji M r=n!ultiplc implrtation. 

Costs of the dropouts I Figure J.5 shovvs the mean costs of the dropouts only. The figure 

shows that in the tiotropium group, a large difference was found between the mean costs of 

the dropouts after linear extrapolation compared with the other methods of imputation. 

Estimates of the mean costs ranged from ( 2229 to € 3768. In the ipratropium group, the dif

ference between linear extrapolation and any of the other methods was much smaller. Esti

mates of the mean costs ranged from € 3260 after multiple imputation to € 4011 after linear 

extrapolation. Costs of the dropouts in the ipratropium group were consistently higher than 

in the tiotropium group. Especially after hot decking and predicted mean, the difference in 

costs between treatment groups was found to be large, C 1260 and € 1532 respectively. 
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Figure 7.5: Mean one-year costs (sE) of patients who dropped out the study before tire scheduled end date in 2001 euro. 

oas: tlS observed; LE: lin cat extmpolation; HD: hot decking; PAr: predicted mtian; An multiple imp1rtatiorr. 

llilli 7.4 DISCUSSION 

In this study, we applied five different methods to obtain estimates of the mean annual costs in 

a situation where 15% of the patients in one group and 21% of the patients in the other group 

withdrew from the study before the scheduled end date. Complete cases analysis did not in

corporate the costs of dropouts for the time they remained in the study and, because of the 

higher costs of the withdravvals before dropout and the difference in dropout rate between 

treatment groups, underestimated the mean and difference in costs. Estimates of the differ

ence in costs obtained with the other methods varied from € 171 in the as observed analysis to 

C 402 with the predicted mean method. In relation to the mean total costs in this study, such 

a difference between the estimates will usually be considered to be relevant and may give rise 

to different interpretations of the results. Linear extrapolation showed the largest cr of the 

difference in costs (from -878 to 353). crs after predicted mean (-883; 79) and hot decking 

( -771; 54) were much smaller and came close to statistical significance. 

Because the 'true costs' of the dropouts in this study vvere unknown, the study was unable 

to demonstrate which method resulted in the best estimate of the mean and difference in costs. 

For such an analysis, simulation studies in which dropout is artificially created in a complete 

data set are needed. The mean and variance can then be estimated using a number of methods 

to deal with the data of dropouts, and these can be compared 1vith the true mean and vari

ance. We are currently conducting such simulation studies. Nevertheless, the current study 

challenges us to speculate on the performance of the five methods. VVe believe it is safe to say 

that the as observed analysis provides a minimum estimate of the true cost, since it includes 

all actually observed costs before withdrawal, and we do not expect the costs after \Vith

drawal to reduce to the level of the costs of the completers because the costs are associated with 
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worsening disease. Linear extrapolation perhaps overestimates the mean costs, because it 

extrapolates the cumulative costs, which may be strongly influenced by one or two periods 

with very high costs. The appropriateness of linear extrapolation may also be affected by 

trends in the cost data over time. This seemed not to be the case in the current study, as the 

mean costs per day in the second half year were only no/o higher than in the first six months 

(paired samples t-test: 0.115). In any case, because linear extrapolation was based on costs 

during previous periods only, the method led to higher estimates of the mean costs than hot 

decking, predicted mean and multiple imputation, which also made use of other variables 

to predict costs. 

Of the five methods applied in the current study, only multiple imputation is a so-called 

'principled method', as opposed to the other 'naive methods'. Therefore, from a theoretical 

perspective, the standard errors and confidence intervals obtained by multiple imputation 

were most likely to give the best representation of the actual variation in costs. The relative 

increase in variance because of the missing data of dropouts was approximately 30%. Despite 

this correction for the missing data, the estimated confidence intervals after multiple impu

tation were not very different from the intervals obtained with the other methods and, for 

instance, considerably smaller than after linear extrapolation. This effect can be explained 

from the higher costs that were imputed in case of linear extrapolation, predicted mean and 

hot decking, especially in the ipratropium group. Even a few extreme imputed values canal

ready have a large impact on the SEs. 

An important reason to apply multiple imputation in the current study is the ability of 

the method to impute individual resource use items instead of total costs only. In case of 

missing observations of a patient at a particular visit all resource use items to be imputed are 

drawn from the same patient with observations at that visit. Hence, the correlation structure 

benveen the resource items is being maintained. This ability of multiple imputation is an 

important feature of the method with regard to cost data. In almost all economic evaluations, 

not only total costs but also the individual resource use items like hospitalisations and out

patient visits are being reported. Moreover, the data from economic evaluations are frequently 

used in additional analyses like, for instance, modelling studies. These types of analyses can 

only be performed when per patient estimates of resource use are available. The ability of 

other principled methods to impute individual resource use items while maintaining the cor

relation structure between the items remains to be investigated. 

II 7.5 CONCLUSIONS 

This study has drawn attention to the problem of missing data due to dropout. The method 

of dealing with these data can have a large impact on the outcomes of an economic evalua

tion. Information about the rate of dropout and the way data of dropouts is treated is of vital 

importance in assessing the results of economic evaluations and should always be reported. 

Multiple imputation is a principled method for dealing with the data of dropouts that pro

vides estimates of the individual resource use items. Simulation studies are needed to deter

mine to what extent this and other methods to deal with the data of dropouts are able to pro

vide accurate estimates of the true mean and variance. 
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CHAPTER 8 

THE ANALYSIS OF INCOMPLETE COST DATA DUE TO DROPOUT 



1111 8.1 INTRODUCTION 

Censoring constitutes a common problem in the analysis of costs in longitudinal economic 

evaluations. Censoring may occur when survival and costs until death are the primary end

points of a study and the observation period is not long enough to observe all deaths. Patients 

with longer survival intervals are more likely to have censored cost data than patients with 

shorter survival intervals. Another type of censoring may occur in studies that aim to make 

inference about cost over a fixed period of time, for instance one year, but in which some in

dividuals withdraw from the study before this time has elapsed. VVe will refer to this latter 

problem as 'incomplete data due to dropout'. Especially in those situations in which the rea

sons to dropout are influenced by compliance, disease progression or other factors relating 

to patients' health, dropout may not assumed to be completely at random and the analysis of 

the data set may be seriously hampered. 

The problem of censored cost data has been addressed in various publications. In 1997, 

Lin et al. introduced the product-limit estimator to analyse incomplete cost data induced by 

censored survival times (Lin et al., 1997). In this approach, average total costs are estimated 

by the sum of the Kaplan-Meier estimator for the probability of surviving to the start of each 

interval multiplied by an appropriate estimator for the average cost over the interval condi

tional on surviving to the start of the interval (Lin eta!., 1997). Variants of this approach have 

been suggested by Bang and Tsiatis, Carides et al. and VVillan et al (Bang and Tsiatis, 2000; 

Carides et al., 2000; O'Hagan and Stevens, 2004; VVillan et al., 2003). These approaches were 

shown to provide unbiased estimates of total costs when survival time is subjected to censor

ing, but did not aim to analyse incomplete cost data due to dropout that is not completely at 

random. 

The attention that has been paid to the specific problem of incomplete data due to drop

out in relation to the analysis of costs in economic evaluations is surprisingly small. Despite 

the fact that dropout is likely to occur in almost every longitudinal economic evaluation, only 

few studies actually report the rate of dropout and the methods that have been used to ana

lyse the data from these patients (Barber and Thompson, 1998; Briggs et al., 2003). Recently, 

Briggs et al. described the problems related to the analysis of incomplete resource use data 

and showed that simple imputation methods like complete or available cases analysis are in

efficient and likely to be biased. They also describe multiple imputation methods and apply 

several variants of multiple imputation to two data sets with incomplete resource use data 

(Briggs et al., 2003) .As described in the previous chapter, we applied multiple imputation in 

the prospective cost-effectiveness analysis of tiotropium versus ipratropium and compared 

the outcomes of the cost analysis with a number of single imputation methods. The study 

showed that the estimates of the difference in costs between treatment groups were affected 

considerably by the imputation methods. But, like in the study of Briggs et al, because the 

true complete sample estimators were unknown, this study was unable to assess the different 

methods in terms of bias and SEs. 

In the current study we specifically address the analysis of incomplete cost data due to 

dropout. Other types of censoring, forced dropout because of death, and intermittent miss

ing data are not considered. The aim of this study is to investigate how standard methods for 
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dealing ·with incomplete data perform when applied to cost data with various distributions 

and various types of dropout. Because of the 'simulation design' of the study, the outcomes of 

subsequent analyses can be compared ·with the known complete data set parameters and be 

used to give guidance to the choice for specific methods in a given situation. 

1111 8.2 METHODS 

Design I The study consisted of simulations in which methods for the analysis of incomplete 

data were applied to artificially created samples with cost data. The simulations constituted 

the creation of samples, the creation of dropout in these samples and the analysis of the incom

plete samples. In these simulations we varied the distribution of cost data and the underly

ing cause of dropout. Because of the 'simulation design' of the study, the results obtained 

with each method in terms of mean costs and SE could be compared with the known param

eters of the complete data sets. 

Methods for the analysis of incomplete data I Methods for the analysis of incomplete data 

can be divided into so-called nai:Ve and principled methods. Nai:Ve methods that were applied 

in this study included: complete cases analysis, mean imputation, linear extrapolation, LVCF, 

predicted regression and hot decking (Little and Rubin, 1987). Principled refers to methods 

that 'account for the missing values, and the uncertainty they introduce, at each step of the ana

lysis ir1 a formal way' (Schafer, 1997). In the current study, the following principled methods 

were selected: the product-limit estimator of Lin et al., the EM algorithm and multiple im

putation. 

Na'ive methods I The complete cases analysis excludes the data of all patients who withdraw 

from the study before the scheduled end date. Mean imputation imputes the mean of the ob

served values for each missing observation. In linear extrapolation, costs of the patients who 

dropout are extrapolated by dividing the observed costs of a patient by the number of days 

that particular patient remained in the study and multiplying the result by the study duration 

in days. LVCF imputes for each missing value the last observed value of the particular patient. 

Predicted mean (or regression imputation) uses ordinary least squares multiple regression 

analysis to impute the most likely value for each missing cost observation. Hot decking in

volves the selection of a limited number of categorical variables by which patients are sorted 

in so-called imputation classes (Little and Rubin, 1987 ). The intention is to create imputation 

classes which each contain a homogeneous group of patients. In the current study, at each 

time interval costs and quality oflife of the previous period were both categorised into two 

equal-sized groups to create a total number of four imputation classes. For each patient 

\Vith a missing cost observation, a value was randomly drawn from the patients who were in 

the same imputation class and who had complete follow-up data for that visit. 

Product-limit estimator I The product-limit estimator of Lin eta!. aims at estimating total 

costs per patient in a population \vhere some patients may die, and where part of the obser

vations are missing due to dropout (Lin et al., 1997). Costs are estimated by dividing the study 

106 



period into intervals. For each interval, the probability of survival until that interval and the 

average costs per patient during that interval, conditional on being alive at the start of the 

interval, are calculated. These two estimates are multiplied and summed over all intervals. 

This is the estimate of the average costs per patient over the study period. For the calculation 

of the average costs per patient in an interval, either all patients still in the study at the be

ginning of the interval or all patients with a complete observation for that time interval can 

be used. Because observed data will usually cover an entire interval we have chosen the latter 

approach. \Vhen no patients die during the study period, the probability of survival for each 

interval is one, simplifying the above procedure. The method of Lin et al. assumes that pa

tient withdrawal is both independent of the risk of dying and independent of costs. For the 

calculation of theSE of the product -limit estimator we refer to the original publication (Lin 

et al., 1997 ). The input for the calculation of the product-limit estimator and associated SE 

can be obtained in sAs® using proc 'lifetest'. 

EM algorithm I Expectation Maximisation is an iterative method to analyse data with mis

sing values (Dempster et al., 1977). Let Yob.s denote the observed data, Ymis the missing data 

and 9 the parameter of interest (costs during interval t). The EM algorithm obtains an initial 

estimate (e.g. mean of complete cases) of 9 based on Y obs that is used to 'fill in' Ymis· 8 is then 

re-estimated using yobs and the filled-in Ymis' and is used to re-estimate the Ymis· This step is 

repeated until the parameter value converges. The E:.VI algorithm assumes data to be distrib

uted multivariate normal. The E:vr algorithm is facilitated by SPss® and SAS@ and results in 

estimates of the mean and the covariance matrix of the multivariate normal distribution. An 

important drawback of this method is that no principled estimate of theSE is provided. To 

get around this problem, we adopted two approaches. In the first, naive, approach (referred 

to as the singular EM algorithm), the estimated variance is divided by the sample size. In the 

second approach, a bootstrap procedure was performed before application of the EM algo

rithm. In this approach, 1000 samples of n patients were drawn with replacement from the 

original sample with size n, after \Vhich each bootstrap sample \Vas analysed by the EM algo

rithm. The so of the means of the 1000 bootstrap replicates was used as an estimate of theSE 

of the mean cost estimate. 

Multiple imputation 1 Multiple imputation is a technique in which each missing value is 

replaced by m > 1 simulated values (Lavori eta!., 1995; Rubin, 1987; Rubin and Schenker, 

1991). Them sets of imputations reflect uncertainty about the true values of the missing data. 

After the multiple imputations are created, m plausible versions of the complete data exist, 

each of which are analysed by standard complete-data methods. The results of them analyses 

are then combined to produce a single result that includes uncertainty due to missing data 

(Rubin, 1996; Schafer, 1997 ). For the fractions of missing information in the current study, 

m :::;;: 10 was found to be sufficiently large to stabilise the outcomes in terms of the SE for all 

analyses (Schafer, 1997). The overall mean costs are simply calculated as the mean of the mean 

costs in each data set. The overall associated variance is found by combining the variance with

in data sets with the variance benveen data sets (Schafer, 1997). MI can be performed using 
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proc MI in sAs® (available in version 8.o2 and higher). In this procedure, three methods are 

available for the imputations: propensity score method, regression and Monte Carlo Markov 

Chain (MCMC). The propensity method is a non-parametric approach, vvhereas regression 

and MCMC require the underlying distribution to be multivariate normal. Variables in all 

multiple imputation models included age at baseline and quality of life and costs at each time 

intervaL 

The propensity score method consists of several steps. First, a logistic regression is per

formed to predict the probability that a cost observation is missing. The outcome is called a 

propensity score. Next, observations are sorted according to their propensity score and di

vided into n (usually 5) equal-sized groups. During the third step, a random sample with re

placement is drawn from the observed values \Vithin each group. This sample is called the 

posterior predictive distribution. Finally, for each missing observation, a value is drawn at 

random from this posterior predictive distribution (Rubin, 1987). 

In the regression method, a regression model is fitted for each variable with missing values, 

with variables at baseline and from previous time intervals as covariates (Rubin, 1987). The 

fitted model includes estimates for the regression parameters and the associated covariance 

matrix. For each imputation, new values for the parameters and variance are drawn from the 

posterior predictive distribution of the parameters. These parameter values are used to form 

a predictive regression model for the missing value. 

The l\ICMC procedure is quite similar to that in the EM algorithm (Schafer, 1997). Hmv

ever, the EM algorithm is deterministic and converges to a point estimate of the parameter, 

\vhereas MCMC algorithms are stochastic and converge to a probability distribution. in this 

case, the MCMC method converges to the posterior predictive function from which values are 

dravm to impute in the data set. 

Simulations I The simulations constitute the creation of the complete samples, the creation 

of dropout in the complete samples and the analysis of the incomplete samples. 

Creation of complete samples I Each sample consisted of 200 patients and ten time intervals. 

Each patient was assigned an age and a baseline quality of life value. In addition, patients were 

assigned a quality of life and cost value for each time intervaL In all analyses, quality of life 

was assumed to be distributed multivariate normal, with higher values representing better 

quality of life. Costs were assigned various distributions. In the first set of samples, costs in 

each time interval \vere distributed multivariate normaL In the second set of samples, costs 

were distributed multivariate lognormaL In the third set of samples, costs consisted of mul

tiple components: a cost based on a multivariate lognormal distribution and an additional 

cost representing the treatment of medical events. Assignment of the costs of events depended 

on whether patients experienced an event and whether they were hospitalised. All patients 

with an event without hospitalisation got assigned an additional cost that was based on a nor

mal distribution, while patients with an event who were hospitalised got assigned an addi

tional cost based on a lognormal distribution. Details of the creation of samples, and the 

distributions of and correlations between parameters are presented in appendix 8.1. VVe will 
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refer to these three sets of samples as costs that are distributed 1) multivariate normal; 2) mul

tivariate lognormal; and 3) multivariate lognormal enlarged with costs of events. 

Creation of dropout in the complete samples I Dropout was created according to three dif

ferent mechanisms: dropout completely at random (ocAR), dropout at random (DAR) and 

informative dropout (m). This terminology is equivalent to the more general terms missing 

completely at random (MCAR), missing at random (MAR) and informative missing (r;vr) in

troduced by Rubin et al. (Lavori eta!., 1995). DCAR refers to the situation in ·which the occur

rence of patients to dropout is independent from the observed and unobserved data. DAR 

refers to the situation in which dropout is related to data that are observed in the periods 

before dropout. For instance, if higher costs and/ or lower quality oflife are observed during 

time interval t, this patient may be more likely to dropout during t+l. The third type of drop

out (m) occurs if the dropout during time interval t+r depends on the unobserved data dur

ing t+r. Typically, this occurs if the high costs and/or worsening of quality oflife do not occur 

until after the patient has dropped out of the study. 

To create DCAR, at each time interval a number of patients were randomly selected from 

patients still observed and from that point onwards all observed data (costs and quality of 

life) of these patients were deleted. The number of patients vvas chosen such that the propor

tion of patients with observed data gradually declined from roo% during time interval t=t to 

approximately 70% during time interval t=w. Hence, the rate of dropout was 30% and the 

proportion of the total number of time intervals for which cost data were observed \vas ap

proximately 84%. 

The procedure to create DAR was largely similar to the procedure described for DCAR, 

the only difference being that patients who dropped out were no longer selected randomly. 

In DAR, the probability to dropout during time interval twas positively associated vvith costs 

duringt-1, an increase in costs between t-2 and t-1, a decrease in quality oflife benveen t-2 and 

t-1, age at baseline and negatively associated with quality oflife at t-1. The association between 

dropout and the observed variables was verified by examination of the correlation between 

dropout at t and costs and quality oflife at t-1. Details of the creation of DAR are provided in 

appendix 8.2. 

The mechanism to create m closely resembled the mechanism that was used to create 

DAR. Under ID, the likelihood to dropout ·was associated with increased costs and \VOrse 

quality of life after dropout rather than before dropout. Hence, to create m, the probability 

to dropout during time interval twas a function of costs during t, the difference in costs be

tween t-1 and t, quality oflife at t, the difference in quality of life at t-1 and t and age at base

line. 

Analysis and outcome parameters I In the final step of each simulation, the incomplete sam

ples were analysed using all the selected methods to deal with incomplete data. Each simula

tion consisted of 3000 iterations. This number appeared to be sufficient to stabilise the results, 

while computer time 'was still acceptable for even the most computationally intensive meth

ods. One iteration involved the creation of a complete sample, the creation of dropout and 
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application of the selected methods. The results of the 3000 iterations for each analysis were 

combined and compared with the 'true' costs of the complete data set. These 'true' costs \·Vere 

obtained by drawing a very large number (i.e. 50000) of complete samples. In accordance with 

previous simulation studies, four outcome measures were used to assess the results of the 

analyses (Lin et al., 1997): 

·Absolute and relative bias: the difference (o/o) in mean costs between the complete data set 

and the analysed samples. 

· Sampling standard error (ssE) for the estimator, being the standard deviation (so) of the 

mean costs of the 3000 iterations. 

·Sampling average of the standard error estimator (sEE), being the mean of the standard 

errors of the 3000 iterations. In addition, the value of SEE relative to ssE (SEE/ssE) has 

been provided. 

· Sampling coverage probability of the 95% confidence interval ( CP ), being the proportion 

of iterations of which the 95% confidence interval includes the 'true' mean costs. 

VVith a sufficient number of iterations, for each analysis, the SSE can be considered as the 

'true' SE. For any analysis, as to account for the additional uncertainty introduced by the in

complete data, this ssE should be larger than theSE of the complete data set. In addition, the 

extend to which the SEE approaches the ssE can be considered as a measure as to whether 

the analysis provides an adequate estimate of theSE of the data set. SEs within each sample 

were based on normal approximation. Verification through bootstrapping showed that sEs 

obtained ·with both approaches were almost the same. 

Variations in sample size and dropout rate I The primary simulations were based on samples 

of size 200 and a dropout rate of approximately 30%. A sample size of 200 was chosen as this 

may reflect a realistic number of patients in many clinical trial-based economic evaluations 

and that is large enough to allow normal approximation of the SE within a sample. A dropout 

rate of 30% was chosen because we were primarily interested in the performance of the dif

ferent methods under various distributions of costs and different dropout patterns, and we 

did not want the performance of methods to be disturbed only because of extreme dropout 

rates. To investigate the impact of dropout rate and sample size, these parameters were varied 

in three additional sets of simulations. In the first two additional simulations the dropout rate 

was set to approximately 18% and 6o% respectively, while in the third additional set of simula

tions a sample size of 400 was used. Because of limited space, the results of these additional 

analyses are only presented for two situations: DAR and a lognormal distribution of costs 

and DAR with costs distributed lognormal enlarged with costs of events. Results of these addi

tional analyses are presented in terms of relative bias and the value of SEE relative to ssE 

(sEE/ssE). An overview of all simulations included in the manuscript is presented in table 8.1. 

IIIli 8.3 RESULTS 

Dropout completely at random 1 Table 8.2 shows the results of the simulations in case of 

DCAR. The first part of this table shows that when costs are distributed normal, all methods 

provided unbiased estimates of the mean costs. Bias did not exceed 0.03% in any analysis. As 

no 



multivariate 

normal 

Primary analyses' 

DCAR (30%; D"'200) table 8.2 

DAR (30%; n=200) table 8.3 

ID (30%; 11=200) table 8-4 

Additional analyses' 

DAR (18%; n=200) 

DAR (60%; n=200) 

DAR (30%; n=400) 

Table 8.1: Overview of simulations included in the manuscript. 

Figures between brackets indicate dropout rate and sample 5ize respectively. 

Cost distribution 

multivariate 

lognormal 

table 8.2 

table 8.3 

table 8-4 

fig 8.1 

fig 8.1 

fig 8.1 

multivar. lognorm. 

with event costs 

table 8.2 

table 8.3 

table 8-4 

fig 8.2 

fig 8.2 

fig 8.2 

shown by the difference between the ssE and SEE, group means, predicted regression and 

hot decking underestimated theSE. The results of the simulations based on a lognormal dis

tribution of costs were comparable to those based on a normal distribution. Bias was always 

below 0.2%, while group means, predicted mean and hot decking still underestimated the 

SE. Only in the simulations in which costs were distributed multivariate lognormal enlarged 

with costs of events, linear extrapolation and last valued carried forward resulted in a bias of 

2.1% and 1.5% respectively. The other methods remained unbiased. Of these methods, the 

product-limit estimator provided the best estimate of theSE (sEE/ssE: 0.999 ). Deviations in 

the SEs obtained with multiple imputation were relatively low. The MI propensity score 

method slightly underestimated theSE (sEE/ssE: 0.976), while SEs obtained with MI regres

sion (sEE/ssE: 1.026) and MI MCMC (sEE/ssE: 1.019) were slightly overestimated. The simu

lations also show the additional effect of applying the bootstrap EM algorithm. The singular 

EM algorithm underestimated theSE (SEE/SSE: 0.931), while the SEE obtained with the boot

strap EM algorithm closely resembled the SSE (SEE/SSE: 1.010 ). 

Dropout at random I Table 8.3 shows the simulations in case of DAR. V/hen costs were dis

tributed multivariate normal, only predicted regression, the EM algorithm, MI regression and 

MI MCMC provided unbiased estimates of the mean costs. Bias according to the other methods 

varied from 0.9% with the MI propensity score method to 8.5% with complete cases. Of the 

unbiased methods, the two M I approaches (SEE/SSE regression: 1.020; MCMC: 1.007) and the 

bootstrap EM algorithm (SEE/SSE: 0.993) provided almost perfect estimates of theSE, while 

SEs obtained with predicted regression (SEE/SSE: 0.884) and the singular EM algorithm 

(sEE/ssE: 0.925) were underestimated. 'Nhen costs were based on a lognormal distribution, 

predicted regression, the EM algorithm, MI regression and MI MCMC were still unbiased. How

ever, the value of the SEE/ssE ratio decreased for nearly all methods. Only the bootstrap EM 

algorithm still provided an almost perfect estimate of theSE (sEE/ssE: 0.996). In the simu

lations in which costs were distributed lognormal enlarged with costs of events, all methods 
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Distribution of costs: normal lognormal lognormal with event costs 

mean m "' '" mean m "' " mean m m " 

Complete sample 7028 Jj6 <36 8738 239 '" 14_302 044 944 

bias(%) bias(%) bias(%) 

Complete cases u (o.oo) <66 ,,, 0.95 _, (o.m) 2')0 207 0.')4 _, (0.01) 114'1 11_)9 0.94 

c-:;roup means (0.01) '47 l2J 0.90 u (o.oo) 158 n6 0.89 u (o.oo) 1024 846 0.89 

Linear extrapolation _, (o.o1) 148 '49 0.9) ,, (o.1R) 274 275 0.95 -297 (2.08) 1015 1021 0.91 

Last value carried forward u (o.oo) 149 150 0-95 9 {0.10) ,,, 2!i2 0.9) -215 (1.50) \\05 1094 0.91 

Predicted rq.;ression (o.m) '44 130 0.92 0 (o.oo) ,,, 225 0.91 3 (0.02) 1015 893 0.')1 

Hot decking 7 (0.03) 1)0 131 0.91 (o.m) 266 230 0.91 -5 (o.o_:;) 1066 902 0.90 

Product-limit estimator (o.m) '47 146 ll.95 0 (o.oo) 158 157 0.95 u (o.oo) 1024 1013 0.94 

Elvr algorithm, singular (o.OI) '44 <36 0.94 u (o.oo) 256 2JB (l.')j 3 (0.02) 1015 945 o.y2 

EM algorithm, bootstrap -7 (O.Oj) '47 '44 0.94 -6 (0.07) 759 156 0.95 9 (o.o6) 1027 IOJ7 0.9'1 

!I-ll propensity score {o.m) '46 '4' 0.94 u (o.oo) 258 250 0.94 2,1 (0.17) 1029 1004 0-94 

~·1 1 regression (0.01) 145 '47 0.95 (0.01) ,,s ''4 o.ys 5 (o.o_:;) 1025 1052 0.95 

M!l'viarkov Chain l'donte Carlo ' (run) '45 146 o.y5 (0.01) 257 ,,, 0.95 4 (0.03) 1011 10'10 0.')5 

"li?ble 8.2: Sumnwry s/alislics ofjooo simulnlions wilh smuplc size 200 nnd dropout mte of.JofJ'!J; dropout completely of mndum. 

ssE: sampling stnndnrd error, being the stnmlnrd del'intion of the mean wsts uftheJOOO iterations; s1::1::: stnndnrd error estimator, l!eiHg ll1e mea!/ o(!/Je 5/illldtmf errors of!he .woo item/ions; CP . .95% covemge prob-

ability, being the proporl ion of item/ ions of which the 9591, coujidence inlcrvlll iucludes the 'true' 1111'11/l costs. 



showed increased bias when compared to the simulations based on a normal and lognormal 

distribution of costs. Bias obtained with predicted regression, the EM algorithm, MI regres

sion and MI MCMC was around 2%, while the bias obtained ·with other methods ranged from 

}.8% with MI propensity score to 28.3% \Vith complete cases. ThesEs obtained with Mr regres

sion (SEE/ssE: 0.859) and Mr MCMC (SEE/ssE: 0.875) vvere considerably underestimated. The 

bootstrap EM algorithm still provided the best estimate of thesE (sEE/ssE: 1.047). 

Informative dropout 1 All methods underestimated the mean costs in case of rn (table 8.4). 

In the simulations based on a multivariate normal distribution of costs, the best estimates of 

the mean costs \Vere obtained with LVCF (bias 0.83%, SEE/SSE: 0.974) and linear extrapolation 

(bias 1.95%, SEE/ssE: 0.974). Bias according to all other methods exceeded 3.5% and strongly 

increased when the distribution of costs deviated further from normal. \,Vhen cost data were 

distributed lognormal, bias obtained with LVCF and linear extrapolation increased to 1.85% 

and 3.4% respectively. In case of a lognormal distribution enlarged with costs of events these 

percentages were about 13.5%. 

Variations in sample size and the proportion of dropouts I Figures 8.1 and 8.2 show the 

results of the additional analyses in which we varied the rate of dropout and sample size in 

simulations with DAR. Figure 8.1 refers to the situation in which costs were distributed log

normal and figure 8.2 refers to the situation in which costs were distributed lognormal en

larged with costs of events. The vertical axes represent the o/o bias (figure 8.1a and 8.2a) and 

the ratio of sEE and SSE (figure 8.1b and 8.2b) respectively. The different methods are set out 

at the horizontal axis. For each method, there are four bars. The first bar presents the results 

of the primary analysis based on a dropout rate of 30% and a sample size of 200. The second 

and third bars are based on samples of size 200 and dropout rates of 18% and 6o% respec

tively. The fourth bar for each method is based on simulations with a dropout rate of 30% 

and samples of size 400. The size of the bias and the value of the SEE/SSE ratio vary almost 

linearly with the rate of dropout. These figures also show that there is almost no effect of in

creasing the sample size from 200 to 400. Compared to the primary analysis, the percentage 

of bias and the value of the SEE relative to the ssE remained almost unchanged. Methods 

that performed best in the primary simulations were still the preferred methods in these 

additional simulations. 

1!111 8.4 DISCUSSION 

To our knowledge, this is the first study in which various methods for the analysis of incom

plete cost data were assessed in a simulation study. This design allowed us to compare the 

results of subsequent analyses with the known parameters of the complete data set and to 

formally assess the performance of the different methods. It was shovvn that the distribution 

of cost data and the underlying pattern of dropout have a large impact on the performance 

of methods for the analysis of incomplete data. Almost all methods provided unbiased esti

mates of the mean in case of DCA R, but only the principled methods provided adequate esti

mates of theSE. The bootstrap EM algorithm, MI regression and Mr MCMC provided the best 
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Distribution of costs: normal lognormal lognormal with event costs 

mean "' "' " mean "' "' " mean "' "' " 

Complete sample 7028 '36 '36 8738 '39 239 14302 944 944 

bias(%) bias(%) bias(%) 

Complete cases -596 (8.48) '55 '48 0.02 -1043 (11.94) 2.31 "' 0.01 -4040 (28.25) 706 7W 0.00 

Group means -)16 (+so) '43 "3 0.27 -459 (5.25) 737 '" 0.35 -2050 (14.33) ih6 665 0.21 

Linear extrapolation 8' (1.15) '47 '54 0.9J 530 (6.07) 3'4 357 0.74 877 (5.7R) 1463 1414 0.94 

Last value carried forward '98 (4.24) '47 '63 0.)5 1265 {14-48) 367 4'9 0.06 3528 (24.67) 1969 1922 0-59 

Predicted regression -4 (o.o6) '47 '30 0.92 -3 (0.03) 777 '>7 0.87 -292 (2.04) 1248 867 0-79 

Hot decking -182 (2.59) '48 "3 0.66 -304 (J-48) 75' 204 0.64 -1605 (11.22) 933 736 0.42 

Product-limit estimator •316 (4.50) '43 '35 0.37 -459 (P5l 737 "' 0-45 -2050 {14.33) 876 793 0.31 

EM algorithm, singular -4 (o.o6) '47 '36 0.93 -3 {0.03) 777 "' o.89 -294 (2.06) 1244 910 o.81 

EM algorithm, bootstrap -4 (o.o6) I 50 '49 0.95 -3 (0.03) 776 775 0.95 -268 (1.87) 1245 1304 0.92 

M 1 propensity score -66 (0.94) '49 q6 0.92 -Ill (1.27) 774 767 o.89 -545 (j.BI) 1216 1183 0.86 

Ml regression -3 (0.04) '48 l)l 0.95 -3 (0.03) 778 764 0.93 -286 (2.00) 1263 1085 0.87 

MI Markov Chain Monte Carlo -4 (o.o6) '49 '50 0.96 _, (0.01) '" 76, 0.93 -294 (2.06) 12)8 IJOI 0.88 

Table 8.]: Sumnwry statistics of 3000 sinwlations with sample size 200 and dropout rate ofJo%; dropout nt mndom. 

ssl!: smnpling standm·d err01; being the standard deviation of the mean costs oftheJOOo iteratio11s; SEE: standard er-ror estimator, being t!Je JJJean oft!Je standard errors oftheJoOo iterations; CP: 95% coverage prob-

a hili 1)\ being the proportion of item tions of which the 95% confidence in tervnl includes the 'true' mean costs. 



Distribution of costs: normal lognormal lognormal with event costs 

mean "' m " mean "' "' " mean m m " 
Complete sample 7028 IJfi 136 8738 239 2_W 14302 944 944 

bias (01<,) bias(%) bias(%) 

Complete <.:<ISCS -)73 (8.15) 1_56 '49 0.04 -1012 (n.58) 1.'\"! 123 0.02 -3995 (27-93) 70) 7Hl 0.00 

Group means -404 (').7'il '44 112 O.ll -769 (8.8o) "' '76 0.04 -J092 {1.1.62) 706 597 0.01 

l.i near extrapolation -1)7 (1.95) 1_)0 '45 0.84 -298 (J-41) 796 21lj 0.7) -1955 (1j.ti7) 994 970 0.4) 

Last value carried forward ~ss (o.llj) ,,, 148 0.92 -162 ( 1.8_5) 3'7 }05 o.Sti -1925 (lJ-45) 1067 10}5 0.4_9 

Predicted regression -2)0 (5.56) q6 "' 0.48 -609 (6.97) 238 188 0.18 -2474 (17.j0) 8)5 666 0.1j 

Hot decking -}28 (r\.67) '47 uo 0.28 -693 (7.93) 2_15 1b'B 0.11 -2b'66 (20.04) 776 645 o.os 

Product-limit estimator -404 ( 5-75) '44 13.~ 0.17 -709 (8.8o) 223 106 0.07 -3092 (21.62) 706 707 O.Oj 

1'.1v1 algorithm, singular -250 (J.s6l 146 127 0._)1 -609 (6-97) 2jll 198 0.21 -2474 (17.}0) 8ss 7"' 0.15 

EM algorithm, bootstrap -252 (_~·59) '47 l_'il 0-72 -60_9 (6-97) 740 256 o.35 -2478 ( 17-JJ) 1157 1!8_:; 0.28 

11-11 propcnsit )'score -2RJ (4.03) '47 'J4 0.46 -65J (7-47) 2J6 213 0.20 -2_591 (111.12} 846 811! 0.18 

MI reg1·ession 250 (_~._56) •48 '39 (1.57 -6oS (6.96) 240 221 0.26 -2474 (lno) 867 Sot 0.20 

~~~Markov Chain 1Vlonte Carlo -250 (J.S6) 147 1]9 0.57 -608 (6.96) 239 220 0.25 -2476 (17-31} 858 794 0.1') 

Trible 8.4: 5unrmlll)' statistics afJooo simulations 11 1i//1 _,·ample .<izc 200 1111d dmpo11/ mte ofjo'-16; in(UI-III<IIil'c dropotll. 

ssF.: smnpli11g stn11dard error, being the sta11dard dn'intio11 o.fthe merr11 costs oftheJOOO itemtion>; SF. F.: sta11dnrd errorcstimotor, being !he men11 of the strnufm·d errors oftl!ejooo itemtioiiS; cl': 95% W!'emge prob-

nbilit)~ being tl1e proportio!l ofitemtioiiS o.f which the 95% co11_fidence intervul i!1d11des tile 'tmc' mean costs. 
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Figure 8.1: Variation in swnple size and tire proportion of dropout.' in sinllllations based 011 DAR and lognormal distrilnlled costs. 

8.2a: Percentage bias. 
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8.1b: Vt1lue of SEE relative to sSE ( SEE/ss F.). 

For each method. there are four bars: first (light-grey) bar (=primary analysis): 11=200, dropout rate 30%; second (black) bar: 

11=200, drop(l!it rate 18%; third (white) bar: n=zoo, dropout rate 6o%; j011rth (dark-grey) bar: 11=400, dropout mte=JO%. 

Because percentage of bins in case ojPR, E:vrs, E/H!l, REGR, lvlCMC approach zero, they are too small to observe in figure Ja. ssE: 

sampling standard error; SEE: swndtird error estimator; cc: complete cases; GM: group metlns; LE: linear extrapolation; JYCF: last 

value carried fonvard; P 11: predicted regression; H o: hot decking; p LE: prodJ1ct-lin1it estimator; EMs: singular EM algorithm; EMJJ: 

bootstrap EM algorithm; PROP: MI propmsity method; REGR: All regressio11; MCMC." ,Hilvfome Carlo }vfarkov Chai11. 

estimates of the mean and SE in case of DAR. These methods were able to deal with skewed 

data and only became biased when applied to costs that vvere distributed multivariate log

normal enlarged with costs of events. None of the methods vvas able to deal adequately with 

ro. Changing sample size or dropout rate did not substantially change the performance of 

the different methods. 

The simulation design of the study is important to consider in relation to the interpre

tation of the results. It may be questioned to what extent the artificially created samples and 

dropout patterns reflect \vhat will usually be found in real data sets. In real-life, the occurrence 
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Figure 8.2: Variation ill sample size and tile proportion of dropouts ill simultJtiow based on DAR muf costs distributed lognormal 

e11iargcd wit/r costs of events. 

8.2a: Pcrccmnge bias. 
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8.2/J: Value of SEE relative to SSE (SEE/SSE). 

For each method, there llre four bars: first (/iglzt-g1·e y) bar (=primary a 11alys is): IF=-20o, dropout rate _>oo/o; 5eco11d (black) l!i!r: 

11=200, dropout rate 18%; tl1ird (white) bllr: 11=200, dropout rate 6o%; fourth (dark-grey) bar: 11=400, dropout rale=]O%. ssE: 

sampling standard error; SEE: standard error estimator; cc: complete mse.<; eM: grottp means; LE: linear extmpolation; LVCF: last 

valtte carried forward; PR: predicted regressio11; HD: hot decking; PLE: prodrHt-li111it estinwtor; EMs: singular EM algorit/1m; EiHtJ: 

bootstrap EM algorithm; PROP: MI propensity method; REGR: MI regression; MCMC: ,uJ Afonte Carlo Markov Clwi11. 

of ncAR may be rare and disease progression and the patient's condition do often play a role 

in the decision to withdra,vfrom a study (see, for instance (Briggs et al., 2003) and chapter;). 

The likelihood of DCAR can be assessed by, for instance, comparing dropout rates between 

treatment groups and by comparing the costs of the completers 'vith the cost history of the 

non-completers. The likelihood of DCAR may also be assessed formally (Curran et al., 1998; 

Diggle, 1989). In real-life data sets, it is not possible to determine >vhether data are DAR or 10, 

because information about the condition of patients after dropout is usually not available. 

This may constitute a serious problem, as our analysis shov·led that none of the standard 

methods applied in this study was able to deal adequately with m. To increase the plausibility 
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of data being DAR, it has been recommended to include as many as possible observed char

acteristics of each patient in the analysis (Gelman et al., 1995). 

In order to resemble real-life cost distributions, we took many efforts as to include typ

ical cost characteristics in our simulations. Costs vvere to some extent related to the condi

tion (quality of life) of the patients and to cost data from previous periods. More important, 

we gradually increased the complexity of the distribution of costs. The first set of simula

tions >vas based on multivariate normal distributed data. This may not represent a common 

scenario and the main reason to include this scenario vvas to assess how different methods per

formed 1vith such a distribution, facilitating the interpretation of the simulations in case of 

more complex distributions. The second set of simulations, based on lognormal (skewed) dis

tributions, is much more likely to represent common real-life cost data. For instance, Briggs 

eta!. analysed the distribution of costs of five data sets. All cost distributions were skewed and 

a log transformation was found to be the best approach to normalise the data in the majority 

of data sets (Briggs and Gray, 1998). In the third (and most complex) set of simulations costs 

consisted of multiple components: a cost based on a multivariate lognormal distribution and 

an additional cost representing the treatment of medical events. In our experience, this mixed 

distribution represents a real world scenario that may be common in many chronic diseases. 

For instance, in chapter 6 a distinction was made into costs of coPD maintenance therapy, 

non-hospital costs of exacerbations and hospital costs of exacerbations. Additional analyses 

of these COPD data sho·wed that costs of maintenance treatment, non-hospital costs of exac

erbations and hospital costs of exacerbations all approached a lognormal distribution signi

fying that complex real-life cost data can be simulated by combining data sampled from var

ious parametric distributions. ·when applied to such complex distributions in case of DAR, 

none of the methods was still able to provide unbiased estimates of the mean and SE.Appar

ently, it is not skewness, but mixed or bimodal distributions and large variation in costs with

in a patient over time that constitute the real obstacles for the adequate analysis of incom

plete cost data. In data sets with such complex mixed distributions and with substantial and 

different dropout rates between treatment groups the applicability of standard methods to 

analyse the incomplete data should be questioned. 

Our study clearly shows that when the mean and the associated uncertainty are consid

ered the performance of allnalve methods is poor. Unbiased estimates may incidentally be 

obtained, but none of the na"ive methods provided results that were consistently unbiased 

over analyses. This for instance was the case for LVCF. LVCF outperformed all other methods 

in case of m, but was among the vvorst performers in case of DCAR and DAR. The small bias 

in case of 1 D may specifically have been due to the mechanisms to create costs and dropouts 

in our samples. The poor performance of the nalve methods is especially important because 

of the suspicion that these methods are most commonly used to overcome the problem of 

missing data in economic evaluations (Briggs et al., 2003). Even small (and opposite) biases 

in the estimates of total costs may lead to a considerable bias in the estimates of the difference 

in costs benveen treatment groups. Hence, one should be cautious to apply nalve methods, 

and these can only be used in situations in which the assumption of DCAR is justified and 

the dropout rate is low and comparable between treatment groups. 
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An important criterion for the selection of principled methods was whether a particular 

method could be considered as a 'standard method'. The criterion of' standard method' implies 

that a method can be applied (available procedure or easily programmable) using standard 

software packages like SPss®, SAs® or STAT A®. Several papers present tailor made methods, 

pertinent only to the type of data under study (see for instance (Cook, 1997; Hogan and Laird, 

1997; Matsuyama and Ohashi, 1997) ). Another category of methods that were excluded \Vere 

the generalised linear mixed models ( GLMM) and it variants generalised estimating equation 

(GEE) and pattern-mixture models (Beacon and Thompson, 1996; Little and Wang, 1996; 

Touloumi et al., 2001). Mixed models are generalisations of the general linear model (i.e. 

multiple linear regression) to repeated measurements of the dependent variable by taking 

account of the correlation between measurements from the same subject and are known to 

handle data that are MAR (Little, 1995). However, these methods require that missing values 

must be confined to the single response variable as they cannot deal with missing values in 

multiple response variables or in additional covariates or predictors (Schafer and Yucel, 2002). 

In this simulation study we addressed the specific problem of dropout. The occurrence of 

dropout at a certain time-interval implied that from that time interval onwards, all quality of 

life and cost observations in the data sets were made missing. Hence, the application of mixed 

models in this study is not straightforward and it may need further study to determine 

whether mixed models can be applied to such data sets. Advanced solutions to this problem, 

as discussed by Schafer and Yucel (Schafer and Yucel, 2002), clearly are beyond the scope of 

this study in which only standard methods for the analysis of incomplete data were consid

ered. Finally, in later extensions of the product-limit estimator Lin introduced a regression

based approach that allows the inclusion of covariates potentially enabling the analysis of 

DAR as long as the included covariates can predict the probability that the data becomes miss

ing (Lin, 2000 ). However, it is not straightforward how this method should be adjusted to 

incorporate costs and quality of life data of previous periods, as covariates and the appro

priateness of the method to be used under DAR should further be explored. 

In this study, we only analysed total costs per patient per time interval, and did not con

sider individual resource use items. Using resource use data may further complicate the an

alysis considerably. The distribution of each resource use item separately is likely to be 

much more extreme than the distribution of total costs. Resource use frequently consists of 

count data and is often characterised by many 'zeros', i.e. with only a few patients with re

source use. Attempts in this study to apply predicted regression and the multiple imputation 

approaches to the base and event costs separately (in simulations based on lognormal distrib

uted costs enlarged with costs of events) indicate that none of these methods were able to deal 

adequately with the event costs. Considering the good performance of the multiple imputa

tion approaches, it is interesting to further explore multiple imputation in other software 

packages that enable to specify a distribution for each variable in the analysis (van Buuren 

and Oudshoorn, 1999). 
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IIIII 8.5 CONCLUSIONS 

Incomplete data due to dropout constitute a significant problem to economic evaluations 

that has received only little attention to date. The distribution of the data and the underly

ing cause of dropout are the most important factors to consider with regard to the analysis 

of these data. The bootstrap EM algorithm, MI regression and Mr MCMC are the preferred 

methods for the analysis of incomplete cost data. These methods are able to deal with cost 

data in case of random and completely random dropout and are robust to the 'multivariate 

normal assumption'. This implies that these methods still provide almost unbiased estimates 

of the mean and SE when costs are severely skewed. In case ofDCAR, also the product-limit 

estimator can be applied. In data sets characterised by high costs of events and a large vari

ation in costs within patients over time in combination with substantial dropout that is not 

completely at random, the application of standard methods to analyse the incomplete data 

may not be appropriate. 

Appendix 8.1: creation of samples 

Step 1: create patients I Three thousand samples are created with 200 patients each. 

Step 2: assign age I A value is assigned to age which is normally distributed: age- N(SS-5; 100) 

truncated at 30 and 8o. 

Step 3: create quality of life ( qol) variables I A value is assigned to qol for each time interval, 

using a multivariate normal distribution. Qol
1 

is correlated to age, and qoli (i = 2, ... ,10) is 

correlated to qoli_
1

• The parameters of the distribution are chosen such that the mean and 

standard deviation at each time interval will be approximately 6o and 15 respectively, and that 

the correlation of qol between intervals is approximately 0-75- All qol values are truncated at 

o and 100: 

qol
1 
= x x ((1- 0.005 x age) I 0.725) \Vith x-N(6o; 225) and 

qoli- N(muqoli' varqol) with muqoli= 60 + 0.75 x (qoli_ 1 - 6o) and 

varqoli= 152 x (1- 0.752) fori= 2, ... ,10. 

Steps: creation of cost data I Costs were assigned various distributions. In the first set of 

samples, costs in each time interval were distributed multivariate normal. In the second set 

of samples, costs were distributed multivariate lognormal. In the third set of samples, costs 

consisted of multiple components: a cost based on a multivariate lognormal distribution 

and an additional cost representing the treatment of medical events. 

Multivariate normal distribution of costs I A cost value is assigned to each patient for each 

time interval using a multivariate normal distribution. Costs
1 
is correlated to qol

1 
and costsi 

(i = 2, .. . ,w) is correlated to qoli and costsi-J" The parameters of the distribution are chosen such 

that the mean and standard deviation at each time interval will be approximately 700 and 250 

respectively and that the correlation between costsi and qoli is approximately- 0.35 and between 

costsi and costsi_
1 
approximately o .70. All cost values are truncated at a minimum value of 1: 

no 



cost
1

- N(700- 5 x (qol
1

- 6o); 3002-) 

costi- ::-.:~(mucosti' varcost) with mucosti = 700 + 0.66 x (cost;. 1 ~ 700)- 3·5 x (qoli- 6o) and 

varqoli = 250l x (1- 0.55 2
) fori= 2, ... ,10 

Multivariate lognormal distribution I A cost value is assigned to each patient for each time 

interval using a multivariate lognormal distribution. Costs
1 

are correlated to qol
1 
and costs; 

(i = 2, ... ,10) is correlated to qoli and costsi_
1

• The parameters of the distribution are chosen 

such that the median at each time interval is approximately 700 and that the correlation be

tween costs; and qoli is approximately- 0.30 and between costsi and costs;_
1 
approximately 0.50. 

All cost values are truncated at a minimum value ofl: 

cost} -lognormal((720 -10.8 x (qol
1

- 6o)), 0.65) 

cost; -lognonnal( ( 683 + 0.38 x ( cost;_
1 

- 700) - 7-4 x (qol;- 6o) ), ( ( o.6l) x (1 - ( 0.42)) ) 0·5) fori 

::;: 2, ... ,10. 

The first parameter specifies the median of the costs, and the second the standard deviation 

of the log( costs). 

Multivariate lognormal distribution enlarged with costs of events I A cost value is assigned 

to each patient for each time interval using a multivariate lognormal distribution, increased 

with the costs of a medical event that may or may not lead to hospitalisation. Starting point 

is the assignment of costs distributed multivariate lognormal as described above. The assign

ment of the event costs consist of three steps: 

1) assignment of events 

The probability to experience an event during a time interval is related to the quality of life at 

that time and whether an event was already experienced previously. Parameters \Vere chosen 

such that the probability to experience an event increased from approximately 0-40 in period 

1 to 0.75 in period 10. The variable prev_evi keeps track of previous events, and is 1 if an event 

occurred at any previous time interval. Furthermore: 

p_event;- uniform(o, (o.S- (0-40 x (qol;J 6o)) + (0.15 x prev_ev;))), 

if (p_event; > 0.45) then event;= L 

2) assignmel1t of hospital admissions 

Given that an event occurred, the probability that a patient will be hospitalised is 0.70. 

3) assignment of event costs 

Costs of an event \Vithout hospitalisation are normally distributed N(nso, 4002
). 

Costs of an event with hospitalisation are lognormally distributed with median 12000 and 

standard deviation of the logcost of 0-4. 

Ill APPENDIX 8.2: CREATION OF DAIR AND ID IN THE COMPLETE SAMPLES 

To create DAR, a score variable is calculated for each patient vvith observed data for that time 

interval. This score (S) is a function of the standardised values of cost at t-1, the difference in 

costs between t-2 and t-1, quality of life at t-1, the difference in quality of life ( qol) between 

t-2 and t-1, age and a random value drawn from the standard normal distribution to create 

'noise': 
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sr = costr_1 + (costr_2- cost1) x 0.25- qolH- (qol1_2 -qolH) x 0.25 +age x 0.5 + N(O,l) x 0.25. 

All variable names refer to the standardised variables. Standardisation of variables is obtained 

by taking the difference between an observation and the mean of the variable, divided by the 

standard deviation. The score variable s
1 
is used to rank order patients with observed data. At 

each time interval, a random sample with size xis drawn from they patients with the high~ 

est values of s1• Cost and quality of life values of these x patients are made missing at t and 

all subsequent time intervals. The values of x andy depend on sample size and the propor

tion of dropouts. VVith sample size n = 200 and 18%, 30% and 6o% dropout, x takes the value 

of 4, 7 and 13, whereas y takes the value of 10, 20 and 40 respectively. 

The procedure to create ID was almost identical to the procedure to create DAR. To create 

ID the formula above is rewritten into: 

51 = cost1 + ( costH- cost1) x 0.25- qol1- ( qol1_1- qol1) x 0.25 + age x 0.5 + N( 0,1) x 0.25. 
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CHAPTER 9 

GENERAL DISCUSSION AND CONCLUSIO:'-JS 



Ill 9.1 INTRODUCTION 

This thesis is based on various publications that relate to the calculation and analysis of costs 

in economic evaluations. This chapter addresses the four research areas identified in chapter 1. 

These are the standardisation of costs in relation to the comparability of economic evalua

tions, the generalisability of the results of economic evaluations to other countries, the im

pact of expensive medical events on the analysis of costs, and the analysis of incomplete cost 

data due to premature withdrawal. The first section of this chapter discusses the findings \Vith 

regard to the economic evaluation of tiotropium in patients with COPD. 

ll!il 9.2 ECONOMIC EVALUATION OF TIOTROPIUM 

Chapters 4 and 5 shmv two complementary approaches to cost-effectiveness analyses. The 

first approach (chapter 4) is a cost-effectiveness analysis embedded in a clinical trial. It was 

found that the mean (sE) number of exacerbations over one year was reduced from 1.01 ( 0.10) 

in the ipratropium group to 0.74 (o.o8) in patients treated with tiotropium, while the num

bers of patients \Vith a relevant improvement on the SGRQ increased from34.6% in the ipra

tropium group to 51.2% in the tiotropium group.ln addition, tiotropium was associated \Vith 

increased costs of € 180 (228). An advantage of this approach to economic evaluations is that 

all outcome measures in terms of exacerbations, quality of life and use of medical resources 

are based on patient-level data of the same population. Other advantages include the ran

demised and controlled experimental design, and several guidelines have expressed a clear 

preference for economic evaluations that are performed alongside clinical trials (Jacobs et 

al., 1995; Langley, 1996). However, the results of trial-based economic evaluations only apply 

to the country in which they are performed and results may not be generalised to other set

tings. In the economic evaluations in chapter 4, about 85% of the patients were treated in the 

Netherlands and these results cannot be applied to other countries without modifications. 

Another drawback of this approach is that the primary aim of nearly all RCTs is to determine 

the safety and efficacy of a new treatment and economic outcomes often remain secondary. 

This situation may hamper the adequate estimation of resource use and costs in a trial situ

ation. The trial-based cost-effectiveness analysis of tiotropium showed that scheduled trial 

visits and the instruction to physicians to keep the dose of concomitant medication constant 

throughout the trials, may have biased the proper estimation of maintenance costs. 

The second approach to cost-effectiveness analysis was demonstrated in chapter 5 in 

which we constructed a decision-analytic model to assess the costs and effects of different 

bronchodilators, using data from the clinical trial program of tiotropium. In this analysis, 

the mean (sE) number of exacerbations over 1 year was reduced from 1.14 (0.13) in the ipra

tropium group, to 1.02 (0.10) in the salmeterol group and to o.85 (0.03) in the tiotropium 

group. In addition, for the Netherlands, model-based estimates of the mean costs of patients 

in the tiotropium group were € 170 (197) lower than the costs of patients in the ipratropium 

group and € 42 (210) lower than the costs of patients in the salmeterol group. In Canada, 

costs were consistently lower than in the :t\'etherlands and nearly the same in all treatment 

groups. The analysis in chapter 5 clearly shows the additive value of a model-based economic 

evaluation. Firstly, the model \vas used to determine the costs and effects of tiotropium in 
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other countries. In this model, resource use estimates were required for disease severity states 

and for exacerbations, and these estimates were collected from a variety of sources, either 

inside or outside the trials. The ability to obtain estimates of the cost-effectiveness of tio

tropium in different countries was, in fact, the primary aim of the model and is further dis

cussed in section 9·4· Secondly, the model was built to compare tiotropium with two other 

bronchodilators, salmeterol and ipratropium, within the same framework by combining data 

from different trials. Because we restricted ourselves to the phase III clinical trial program of 

tiotropium, the design and patient populations (i.e. the inclusion and exclusion criteria) in 

these trials were highly comparable. Nevertheless, it appeared that the trials in which tio

tropium was compared to salmeterol, showed higher exacerbation rates than the other trials, 

a finding that could not be explained from characteristics of the patient population or the 

duration of the trials. In the base case analysis of the Markov model, exacerbation rates were 

based on the combined data from all trials, Consequently, model-based estimates of the 

numbers of exacerbations were higher than found in the prospective economic evaluation 

and, because of the high costs of (severe) exacerbations, overall treatment costs in the model 

were also higher than estimated in the prospective economic evaluation. To account for the 

uncertainty about the true rate of exacerbations, chapter 5 contained various additional an

alyses in which the sensitivity of outcomes to the rate of exacerbations was further explored. 

Finally, by assigning real-life estimates of resource use to maintenance treatment and exacer

bations, estimates of costs in the model-based economic evaluation were adjusted for pro

tocol-driven costs. These adjustments mainly relate to the costs of maintenance treatment. 

In the prospective economic evaluation, scheduled trial visits were excluded from the cost 

calculations and physicians were instructed to keep the dose of concomitant medication 

constant throughout the trials. In the model, costs of maintenance therapy were assigned to 

disease states, and costs were assumed to increase with disease severity. Another adjustment 

that \Vas made relates to the daily costs of ipratropium. In the prospective economic evalu

ation, the daily cost of ipratropium was based on administration through the metered dose 

inhaler. This was the inhaler device that was used in all clinical trials. In the Markov model, 

the daily cost of ipratropium was based on the average price of the metered dose inhaler and 

the (more expensive) dry powder inhaler, weighted by the actual use of these devices in the 

Netherlands. 

The results of these economic evaluations raise the question as to how to interpret the 

outcomes of these analyses. As bronchodilator treatment was not associated vvith substantial 

improvements in quality adjusted life, it is not possible to compare our findings ·with there

sults of economic evaluations performed in other diseases. The interpretation of the out

come measure 'cost per exacerbation avoided' is not straightforward and information about 

what would be an acceptable ratio is not available. If, in the future, more information about 

the cost-effectiveness of COPD treatments becomes available, a comparison with these stud

ies may provide further insight. Considering the outcomes of the model-based analysis, in 

which tiotropium was associated with cost savings \vhen compared to ipratropium and at 

least cost neutral when compared to salmeterol, and in which tiotropium was associated with 

maximum expected net benefit for nearly all values of the ceiling ratio, the conclusion that 



tiotropium has acceptable cost-effectiveness seems to be justified. Uncertainty about the out

comes mainly relates to the exacerbation rates of the different treatments and, in order to 

reduce uncertainty, future research should concentrate on this outcome. In future analyses 

we will also extend the time frame of the model beyond the one-year study period in order 

to determine the long-term cost-effectiveness of tiotropium. 

Ill 9.3 STANDARDISATION AND COMPARABILITY OF COSTS IN ECONOMIC 

EVALUATIONS 

In chapter 2 we discussed some of the key issues in relation to the standardisation of costs 

and how each of these could be used to contribute to the comparability of economic evalua

tions. Key issues that emerged \Vere the use of similar basic principles, methods for measure

ment and valuation, standard costs, standard values and the presentation of results. The cost 

analysis in the economic evaluation of tiotropium was largely conducted in accordance with 

the recommendations from the manual, and several aspects of the key issues were applied in 

our study to safeguard the comparability with other economic evaluations. Especially with 

regard to the valuation, we carefully balanced the relative contribution of the cost item to the 

total and incremental costs and the precision of the estimation of unit costs. Unit cost esti

mates of resources with limited contributions to total costs were based on hospital reim

bursement fees (laboratory tests) or standard costs ( GP and physiotherapist visits), whereas 

unit costs of inpatient days and outpatient visits to the pulmonologist were based on unit 

cost calculations in several hospitals. A total of 7 internal and pulmonary wards and outpa

tient clinics were selected for the calculation of unit costs. All of these sites were included in 

the costing study described in chapter 3. In addition, the time physicians spent per inpatient 

day or outpatient visit was based on a survey among 30 pulmonologists participating in the 

clinical trials of tiotropium. Many of the standard values mentioned in chapter 2 were used 

in the unit cost calculations. 

The economic evaluation of tiotropium also shows that it may be difficult to cover all the 

basic principles that are mentioned in the Dutch manual and pharmacoeconomic guide

lines. Major deviations from the basic principles in the primary analysis of the economic 

evaluation of tiotropium relate to the time span of the study and the failure to include costs 

outside the health care sector. In accordance with the duration of the clinical trials comparing 

tiotropium to ipratropium, the time span of the economic evaluations in chapter 4 and 5 

was restricted to one year. For a chronic and largely irreversible disease like COPD, this period 

may be too short to incorporate all relevant costs and effects. Currently, we are constructing 

a five-year model to assess the long-term costs and effects of tiotropium compared to other 

bronchodilators. However, it may be difficult to populate the model with five-year data, as 

data about the costs and effects of tiotropium after one year are not available. This consti

tutes a common problem in pharmacoeconomic evaluations of chronic diseases, where long

term assessment of a new drug may be required to obtain regulatory approval, while data 

on the long-term costs and effects are not available. Prolongation of the clinical trials may 

be unethical when the availability of potential effective medicines is further postponed. In 

addition, prolongation of the trial periods may meet specific problems, such as increasing 

Chapter 9- General discussion and conclusions , 27 



dropout rates that hamper the interpretation of the long-term results. Hence, it may be un

avoidable to base decisions about registration and reimbursement of new medications on 

studies with time spans that are not sufficient to incorporate all relevant costs and effects. 

Long-term modeling studies may assist in decision-making by evaluating the most likely 

scenanos. 

In addition to the direct health care resource use, also data about absence from work and 

the number of days patients \vere unable to perform usual daily activities were collected in 

the ipratropium-controlled trials. Compared to patients in the ipratropium group, the num

ber of days that patients \Vere unable to perform their usual daily activities, including paid 

\vork, was 18% less in the tiotropium group. Because only small and different proportions of 

patients in each treatment group had a paid job, and because comparable information about 

inactivity days before start of treatment was not available, these indirect costs were not in

cluded in the cost-effectiveness analysis. 

It would be interesting to know whether the Dutch manual for costing has led to more 

standardization of costs and a better comparability of studies performed in the Netherlands. 

It would also be interesting to know which of the key issues as identified in chapter 2 con

tributes to the standardisation of economic evaluations in practice. These questions cannot 

be answered without a review of Dutch economic evaluations, assessing all different aspects 

of the costing methodology and such a review has not been performed. Available data show 

that, among the key issues for standardisation, standard costs are most often used and that 

they may have the largest potential to further standardise costs in economic evaluations. In 

2003 a formal evaluation of the manual among its users left no doubt that the ability to ob

tain standard costs that could directly be applied to value costs in economic evaluations was 

one of the main reasons for its use. The evaluation also showed that recommendations of 

users for future versions of the manual most often referred to an improvement or further ex

tension of the set of standard costs. In a search for Dutch papers published between January 

2002 and April2004, r identified So economic evaluations. The proportion of papers that re

ferred to the manual gradually increased from 53% (16 out of 30) in 2002 to 57% (21 out of 37) 

in 2003 and 69% (9 out of 13) in 2004. In the majority of studies, the use of standard costs 

was the main reason for reference to the manual. Torrance et al. have also argued that, 'to the 

extent possible, standard cost values should be used i11 costing out the utilisatio11 of resources' 

(Torrance eta!., 1996). They further argue that high priority should be given to the develop

ment of such a list of standard costs and that this list should be considered mandatory (Tor

rance et al., 1996). \\Tbether the use of standard costs is appropriate depends on the quality 

and availability of these standard costs, but also relates to the aim of the study. The use of 

standard costs becomes more appropriate in studies at a higher level of aggregation that aim 

to generalise the results to other settings. Hence, in pharmacoeconomic evaluations that aim 

to contribute to decision making about reimbursement of new medications at a national 

level, the use of standard costs may become the method of choice for the valuation, and is to 

be preferred above a valuation that is based on detailed, setting-specific cost calculations. In 

2004 a nevv version of the manual will be published in which the list with standard costs will be 

extended with unit costs of a large number of inpatient medical procedures. This extended 
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list with standard costs may further improve the standardisation and comparability of costs 

in Dutch economic evaluations. 

II 9.4 GENERALISABILITY OF ECONOMIC OUTCOMES ACROSS COUNTRIES 

An increasing number of countries now require economic data to support reimbursement 

decisions for newly registered medications. Authorities require these data to represent coun

try-specific estimates of the costs and effects and it is usually not sufficient to submit eco

nomic results from another country or results that are based on some multinational aver

age. Given that these cost-effectiveness data are often required in countries shortly after 

regulatory approval and that sufficient clinical and economic data are rarely available in all 

these countries, investigators are increasingly faced with the challenge of generating cost

effectiveness estimates for different settings where no prospective cost-effectiveness study 

can be performed. This problem is acknowledged in the pharmacoeconomic guidelines of an 

increasing number of countries. Several of these guidelines acknowledge the fact that trans

ferring data across countries may sometimes be inevitable. Further, they mention the need 

to adapt the pharmacoeconomic data to the local setting, and request as much transparency 

as possible (Canadian Coordinating Office for Health Technology Assessment, 1997; Riteco 

et al., 1999 ). However, none of these guidelines give practical guidance as to how these adap

tations should be performed. 

In the health economics literature, several approaches to deriving country-specific cost

effectiveness estimates from economic evaluations performed in other countries have been 

applied (Pang, 2002). Many of these are simple approaches in which, for instance, multina

tional resource use data are valued against country-specific estimates of unit cost. These ap

proaches do not take account of potential differences in resource utilisation between health

care systems in different countries and the value of the outcomes can be questioned. More 

advanced approaches to transfer the results of cost-effectiveness analyses across countries 

are those based on regression analysis. The most elaborated example of this approach is pro

vided by Willke et al. (Willke et al., 1998). They 'examine how clinical and economic outcomes 

interact when estimating treatment effects on costs and proposes empirical methods for capturing 

these interactions and incorporating them when making country-specific estimates' (Willke et 

al., 1998). However, this methodology can only be applied to countries that participate in 

multinational trials with sufficient sample size per country. As insufficient sample size per 

country is often the reason to conduct a multi-country analysis, the value of this approach 

to multinational economic evaluations in practice is limited. Given the limitations of these 

approaches, Greiner et al. stated that 'if permitted by the study design and the subject of the in

vestigation, the decision analysis approach should be the method of choice for transferring data 

to foreign health-care systems' (Greiner et al., 2000 ). 

In chapter 5, a decision-analytic Markov model was constructed with the specific aim of 

estimating the cost-effectiveness of bronchodilator therapy in COPD patients in different 

countries. Considering this aim, several characteristics of the model are worth mentioning. A 

first characteristic of the model is its probabilistic nature, as opposed to deterministic models, 

that enables the analysis of uncertainty around the estimates of costs and effects, and the 
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resulting ratios. The importance of adequately describing the uncertainty of the results of 

economic evaluations will be further discussed in section 9·5· The second characteristic is 

that all model inputs related to the effectiveness of treatment are based on patient-level trial 

data. Because RCTs provide the highest level of evidence for the efficacy of new medications 

compared to existing treatments, this means a strong support for models that are directly 

based on these data. A direct consequence of being trial-based is that it provides the oppor

tunity to validate the model with the clinical trial data. Validation of models is strongly rec

ommended (Weinstein et al., 2003), but often difficult to realize because necessary data are 

not available (McGuire and Morris, 2000 ). In chapter 5 we showed that the outcomes of the 

model in terms of exacerbations closely resembled the results of the clinical trials. A major 

concern of decision-makers with program or regulatory responsibility relates to the trans

parency of the model and the possibilities model constructors may have to manipulate the 

outcomes. The ability to compare some of the major outcomes of the model with the original 

trial data may overcome these concerns and may thereby increase the acceptance of models 

by local reimbursement authorities. A final characteristic of this model is the assumption 

that, given disease state and the presence or absence of an event, estimates of resource use and 

unit costs do not differ between treatment arms. Hence, no assumptions have to be made 

about differences between treatment anns in the cost per event or the maintenance cost per 

disease severity state. All differences between treatment groups are accounted for by differ

ences in transition and event probabilities. This characteristic can be considered as a neces

sary requirement for models that aim to estimate cost-effectiveness in different countries or 

settings and allow resource use to be estimated from a variety of sources and settings inside 

or outside the trials. 

II 9.5 ANALYSIS OF EVENT-DRIVEN COSTS 

Chapter 6 provides an analysis of the costs of exacerbations as observed in the trial-based 

economic evaluation of tiotropium versus ipratropium in chapter 4. In this post-hoc analy

sis, we determined whether costs were associated with exacerbations or with maintenance 

treatment of the disease. It was found that exacerbations contributed to approximately 34% of 

the total respiratory-related health care costs. In addition, it was found that 16% of the exac

erbations that were associated \vith a hospitalisation accounted for 90% of the total costs of 

exacerbations. Chapter 4 also showed that, except for the costs of study medication, the dif

ference in costs between tiotropium and ipratropium was almost entirely due to a difference 

in costs associated with exacerbations. 

Despite the high costs of events and the resulting skewed distribution of costs, the sample 

size in the trial-based cost-effectiveness analysis of tiotropium was large enough to apply com

mon methods to analyse the cost data. Bootstrapping and normal approximation resulted 

in almost identical confidence intervals of the difference in costs. Costs excluding study 

medication in the tiotropium group were found to be € 273 lower than in the ipratropium 

group, a reduction of almost 20%. Despite this considerable difference, the sample size was not 

sufficiently large to detect statistically significant differences in costs. A sample size of approx

imately 1570 patients per treatment group would have been required to detect a difference in 



costs of € 250, with a type I error of 5% and a power of So%. However, the statistical analy

sis of the outcomes in economic evaluations focuses on describing uncertainty rather than 

hypothesis testing. In chapters 4 and 5 we put current principles regarding the analysis of 

uncertainty in economic evaluations into practice. In chapter 4 we present the incremental 

cost -effectiveness of tiotropi urn versus ipratropium on the CE plane (figure 4.1) and the CE 

acceptability curve (figure 4.2). The CE planes shovv the ellipses containing 5%, so% and 95% 

of the probability density of the difference in costs and effects, facilitating a rapid and visual 

interpretation of the uncertainty around the cost-effectiveness ratio. The CE acceptability 

curve shows the probability that a treatment is cost effective for different values of the ceiling 

ratio. In chapter 5, we compared three treatments within the same framework (figure 5.3). 

Based on the assumption that these treatments are, in principle, mutually exclusive, v.re pres

ent separate curves for each treatment instead of incremental curves for each mutual compar

ison. The acceptability frontier follows the curve of the treatment with the highest expected 

net benefit, hence determining the optimal treatment from a cost-effectiveness perspective 

for each value of the ceiling ratio. The presentation of the results of the sensitivity analysis 

of the model-based economic evaluation in table 5-4 fits well into this approach to uncer

tainty analysis. For each sensitivity analysis, this table slwws for which values of the ceiling 

ratio each treatment is deemed to be cost effective. Such a presentation of the results of sen

sitivity analyses may be more relevant to decision makers than the separate presentation of 

differences in costs and effects as is commonly the case. The sensitivity analyses in chapter 5 

clearly showed that exacerbations were the main determinant of differences in cost-effec

tiveness between treatments. If, for instance, similar exacerbation rates were assumed for all 

treatments, tiotropium was associated with the maximum expected net benefit, only for very 

large values of the ceiling ratio. 

Skewness may not be the only problem of data characterised by high costs of clinical 

events. Costs may also be characterised by a bimodal distribution and a large variation in costs 

within the same patient over time. Patients experiencing a clinical event may accrue very high 

costs in one time interval, while costs in preceding time intervals did not substantially dif

fer from patients without clinical events. In this thesis, this problem became apparent in rela

tion to the analysis of incomplete data as discussed in chapter 8. It was shovm that the boot

strap EM algorithm, MI regression and MI MCMC were robust to deviations from the normal 

distribution and still provided unbiased estimates of the mean costs in case of lognormal 

(skewed) distributions and DAR. VVhen high costs of events were added, even these methods 

consistently underestimated the mean costs. Apparently, these methods were unable to take 

account of the high costs of events during the time intervals patients were no longer observed. 

This even was true despite data being DAR and the situation that the likelihood to experience 

an event was associated with higher costs and worse quality oflife in preceding time intervals. 

The inability to deal with incomplete follow-up data characterised by high costs of events 

emphasises the importance to collect data of all patients for the entire study period. Because 

high costs of events are often due to hospital admission, it might be considered whether it is 

possible to collect hospital resource use data from the hospital records. In that case, resource 

use of the main cost drivers and events may even be collected after patient withdrawal. 
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Because of the impact of exacerbations on costs, they are a major determinant of cost-effec

tiveness in COPD. Important factors to consider are the definition of exacerbations and exac

erbation severity, the measurement of resource use associated with exacerbations, and the 

relationship between these factors. It is difficult to identify the start and end of COPD exac

erbations due to the fluctuation of symptoms (Rodriguez-Raisin, 2000); comorbidities also 

complicate the definition. Attempts to define exacerbations have focused on symptoms like 

increased dyspnoea, sputum production and sputum purulence (Anthonisen et aL, 1987). In 

later definitions, exacerbations were not only defined in terms of the patient's condition or 

symptoms, but were also assumed to necessitate a change in regular medication (Rodriguez

Raisin, 2000 ). Clinical trials in coP D have used many varieties of this latter definition. Defi

nitions of exacerbation severity have also frequently been related to the way exacerbations 

were treated. In these definitions, severe exacerbations are usually associated with hospitali

sation or a visit to an emergency department, moderate exacerbations are associated with an 

outpatient visit to a G P or respirologist, whereas mild exacerbations are usually self-managed 

or associated with a change in regular medication. These 'working definitions' of exacerba

tion and exacerbation severity have the advantage that they may be easy to apply by physi

cians participating in RCTs. However, the treatment of exacerbations is unlikely to be the same 

across centres and countries, and an exacerbation that is classified as severe in one centre, 

may be classified as moderate in another centre. Similarly, physicians in different countries 

may have different thresholds before they prescribe antibiotics or oral steroids to a patient. 

Hence, the use of different and/or treatment-based definitions of exacerbations in clinical 

trials may lead to exacerbation rates that are incomparable across studies, and differences 

may reflect differences in treatment patterns rather than actual differences in the number of 

exacerbations. The incomparability of studies also considerably complicates the construc

tion of decision-analytic models, because exacerbation rates and resource use associated with 

exacerbations are often derived from multiple sources. In order to avoid this problem in the 

model-based economic evaluation of tiotropium, we adopted definitions of exacerbations 

and exacerbation severity that were solely based on respiratory symptoms and the patient's 

condition. These definitions were available in all trials that were part of the clinical trial pro

gram of tiotropium. Hence, treatment differences benveen centres or countries have not af

fected the estimates of the rate of exacerbations in these trials and our modeL 

II 9.6 ANAlYSIS OF INCOMPlETE COST DATA DUE TO PREMATURE 

WITHDRAWAL 

In the empirical cost-effectiveness analysis in chapter 4, we applied the MI propensity score 

method to analyse the data of patients with incomplete follow-up. As far as we know this is the 

first empirical economic evaluation in which this method has been applied. Because it was un

known whether the use of this method was appropriate for analysing incomplete economic 

data, we extensively explored the impact this method had on the outcomes of the analysis 

and compared the results with those of various non-principled methods. The analysis in chap

ter 7 showed that patients with incomplete follow-up were largely responsible for the differ

ence in costs between tiotropium and ipratropium.lt was also shown that the point estimate 
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and the 95% cr of the difference in costs between these treatments were affected consider

ably by the different methods. Of the methods applied, the results obtained with multiple 

imputation were at least as conservative as obtained with hot decking, linear extrapolation 

and predicted mean. Because only multiple imputation takes account of the uncertainty due 

to missing data in a formal way, we felt safe to adopt the outcomes based on the MI propen

sity score method as our base case analysis. 

Our findings in the economic evaluation of tiotropium were an important motivation to 

further explore the area of incomplete data due to premature withdrawal. In the simulation 

studies in chapter 8, we not only applied the MI propensity score method, but also other prin

cipled methods like the product-limit estimator, the EM algorithm, MI regression and MI 

MCMC. These simulation studies showed that some of these methods, like MI regression and 

MI MCMC, provided more consistent estimators of the mean costs under DAR than the pro

pensity score method. Had we known these results before the analysis of the economic eval

uation of tiotropium we might have considered the use of one of these methods instead. 

However, as outlined in the discussion in chapter 8, the distribution of costs in the tiotropium 

data set most closely resembled the simulations in which costs were 'distributed multivariate 

lognormal enlarged with costs of events'. \-\Then applied to these simulated data sets, MIre

gression and MI MCMC did not provide unbiased estimates of the true mean and SE. In later 

analyses, we applied MI regression and MI MCMC to another data set, containing three-year 

resource use and costs of patients with COPD. In this data set, only costs of the treatment of 

exacerbations and maintenance medication costs were included. 'When applied to these data, 

MI regression and MI MCMC did not provide meaningful outcomes, confirming that the use 

of these methods may not be appropriate in case of such complex distributions. 

The review of Barber and Thompson shmved that 50% of the trial-based economic evalu

ations passed peer review and editorial judgement without providing any information about 

the completeness offollow-up. Another 25% of the papers left out all patients ·with incom

plete follow-up data, without any further motivation (Barber and Thompson, 1998). This is 

an alarming situation. Chapter 7 shows that the impact of incomplete data on the outcomes 

of the analyses may be substantial, even when the dropout rate and the proportion of miss

ing observations are relatively modest. The lack of information about the completeness of the 

follow-up and the failure to adequately incorporate these data in the analysis, question the 

quality and comparability of these economic evaluations. The results of our study in chap

ter 8 may provide some guidance as to how to deal with the data of patients with incomplete 

follow-up. This advice can be summarised into three steps: 1) investigation of the distribution 

of costs; 2) investigation of the amount and pattern of dropout; and 3) selection of methods 

to deal with incomplete data. 

Step 1: Investigate the distribution of costs 

1) Summarise the data using descriptive statistics like mean costs, variance, median, mode, 

skewness, outliers and percentiles. 

2) Plot the data, for instance histograms of mean costs at each time interval, a line diagram 

of total costs over time, line diagrams of costs of individual patients over time. 
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3) Determine the major cost drivers, for instance the contribution of individual resource 

items to total costs, the contribution of the I0°;b of most expensive patients to total costs, the 

impact of costs associated with clinical events. 

Step 2: Investigate the amount and pattern of dropout 

1) Determine the amount of dropout by treatment group in terms of the proportion of pa

tients ·who vvithdraw, the average observation period of patients ·with incomplete follow-up 

and the proportion of missing observations. 

2) Investigate the pattern of dropout. 

· The likelihood of the dropout pattern to be DCAR may be investigated by comparing the 

dropout rate between treatment groups. A significant difference in dropout rates between 

treatment groups suggests that the dropout mechanism is not completely at random. 

· The likelihood of the dropout pattern to be DCAR may further be investigated by studying 

the reason for dropout. Lack of therapeutic benefit or side-effects are indicative of a corre

lation between dropout and costs. 

• A comparison of the costs per day of the completers and dropouts during the observation 

period may also help to assess the likelihood of DCAR. 

· A more formal approach to assess \vhether the dropout pattern is completely at random 

constitutes the use of a logistic regression model (Curran et al., 1998; Diggle, 1989; Ridout, 

1991). The dependent variable in such a model indicates missingness, whereas cost observa

tions in previous periods, background characteristics, clinical variables and quality-of-life 

variables may be used as independent variables. The model can be used to test the hypo

thesis that all coefficients in the model are zero. Rejection of the hypothesis implies that the 

dropout mechanism is either DAR or ID. 

· It is not possible to determine whether dropout is DAR or ID. In methods that make use of 

a model to analyse the incomplete data, the plausibility of the data being DAR (and not ID) 

is enhanced by including as many observed characteristics of each patient as possible in the 

analysis. Inueasing the pool of observed variables decreases the degree to which missing

ness depends on unobservables given the observed variables (Gelman eta!., 1995). 

Step 3: Selection of methods to deal with incomplete data 

1) If the dropout rate is low and comparable between treatment groups and the assumption 

of DCAR is justified, nalve approaches like complete cases or linear extrapolation can be used. 

Of these, the method \Vith the most conservative outcome should be adopted. 

2) In all other situations, the use of principled methods should be considered. If the assump

tion of DCA R is justified, the product-limit estimator, the bootstrap EM algorithm or any of 

the MI approaches can be used. The need to perform further analyses in a complete (imputed) 

data set may direct the choice to one of the MI approaches. 

3) If there is no evidence ofDCAR, the bootstrap EM algorithm, MI regression and Mr MCMC 

are the preferred methods. However, in this case, the distribution of costs should ahvays be 

considered. \Vhereas these methods are able to deal with considerable skewness of the data, 

mixed or bimodal distributions and a large variation of costs within patients over time may 
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prevent these methods from working properly. In data sets with such complex distributions 

of costs, and with substantial and different dropout rates between treatment groups, the 

applicability of standard methods to analyse the incomplete data should be questioned. 

II 9.7 APPUCAIB!LITY OF RESULTS TO OTHER DISEASES 

The discussion of the standardisation, comparability and generalisability of costs \Vas not 

specifically directed towards economic evaluations of patients 'With coP D. The findings \Vith 

regard to these subjects may apply to the same extent to economic evaluations in other dis

eases. The analysis of the impact of events and incomplete data are mainly based on the eco

nomic evaluation of tiotropium in patients with COPD and it may be questioned whether the 

results apply to other diseases as \veil. 

COPD is a chronic disease. The typical distribution of costs, the large variation of costs 

\Vithin a patient over time and the high impact of event -driven costs occurring in only a few 

patients may be characteristic for many chronic diseases. The analysis of incomplete data 

due to premature withdrawal is also likely to be a problem in many longitudinal, prospective 

economic evaluations of chronic diseases. In fact, the simulation study in chapter 8, in which 

the probability to withdraw was associated with worse health status and higher costs, was 

designed to reflect a 'typical' chronic disease, rather than COPD only. 

The applicability of findings to acute or life-Lhreatening diseases may not be as straight

forward. Treatment of patients diagnosed with, for instance, cancer or acute cardiovascular 

diseases may often generate very high costs during the first months after diagnosis. Costs at 

later stages may constitute only a fraction of the initial treatment costs. Jn these studies, all 

patients may accrue very high costs and the presence of patients \Vith low or zero costs may 

be rare. Hence, the impact of high costs of events after initial diagnosis may not affect the dis

tribution of costs as strongly as in chronic diseases that progress more slowly. Similarly, be

cause of the high costs at the start of treatment, dropout may be less of a problem, as costs 

in later stages may be relatively modest when compared to the initial treatment costs. On the 

other hand, studies in acute or life-threatening diseases may be confronted with other typical 

problems. For instance, outcome measures in clinical studies of acute diseases may involve 

the occurrence of a major clinical event. Data of patients after the occurrence of these events 

may not always have been collected. In addition, if the study aims to estimate lifetime costs, 

the outcome of interest may not have been observed at the end of the study. The occurrence 

of this type of censoring may also considerably complicate the cost analysis (Lin eta!., 1997). 

In conclusion, the findings of this thesis may apply to many diseases other than co PD. 

Standardisation and generalisability are essential determinants of almost all studies incor

porating resource use and costs. The impact of high-cost events and the problem of incom

plete data due to premature vvithdravval, as discussed in this thesis, deserve more attention 

in virtually all economic evaluations. 
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ABBREVIATIONS 



B M 1 body mass index 

B D 1 baseline dyspnoea index 

c E AccEPT A B 1 L 1 TV cURVE cost-effectiveness acceptability curve 

CE PLANE cost-effectiveness plane 

c 1 confidence interval 

c 0 P D chronic obstructive pulmonary disease 

C R F case report form 

C P coverage probability 

DAR dropout at random 

D CAR dropout completely at random 

DR G diagnostic-related group 

D P 1 dry powder inhaler 

EM expectation maximisation 

E R emergency room 

E Q- 5 D Euroqol questionnaire, 5 dimensions 

FEV 1 forced expiratory volume in one second 

F V c forced vital capacity 

G P general practitioner 

H T A health technology assessment 

1 c E R incremental cost-effectiveness ratio 

1 c u intensive care unit 

1 D informative dropout 

LV c F last value carried forward 

M 1 multiple imputation 

M c M c Monte Carlo Markov chain 

MD I metered dose inhaler 

M L millilitre 

RCT randomised controlled trial 

Q A LV quality-adjusted life-year 

Q o L quality of life 

SA sensitivity analysis 

S D standard deviation 

Abbreviations 

S E standard error 

S E E standard error estimator 

5 G R Q St. George's Respiratory Questionnaire 

s 5 E sampling standard error 

T D 1 transitional dyspnoea index 

)..l G microgram 

u 1 uncertainty interval 
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SUMMARY I SAMENVATTING 



IIIII SUMMARY 

Introduction I The rapid increase in the costs ofhealthcare during the last decades in many 

VVestern countries has increased the awareness that limits must be set to the growth of the 

costs of health care. Instead of the automatic influx of new technologies, the need arose to 

assess these technologies in terms of their costs and benefits in order to decide upon regi

stration, reimbursement and pricing. These developments have led to a significant increase 

in the number and variety of economic evaluations in health care and, in order to improve 

comparability, many authors have argued for more standardisation of the methodology of 

economic evaluations. 

The aim of this thesis is to contribute to the comparability and generalisability of eco

nomic evaluations by standardising and improving methods for the calculation and analy

sis of costs. The economic evaluation oftiotropium in patients with COPD will be used as a 

critical case to address the following methodological research areas: 

• the standardisation and comparability of costs in economic evaluations; 

·the generalisability of the results of economic evaluations to other countries; 

·the impact of expensive medical events on the analysis of costs; 

• the analysis of incomplete cost data due to dropout. 

Economic evaluation of tiotropium in patients with COPD I Chronic obstructive pulmon

ary disease ( COPD) is a disease of the respiratory system characterized by slowly progressive 

airflow limitation that is not fully reversible. The anticholinergic tiotropium is a long-acting 

bronchodilator for the treatment of patients with COPD. In this thesis, the costs and effects 

of the treatment with tiotropium will be considered using two complementary approaches 

to economic evaluations. The first approach is a prospective cost-effectiveness analysis per

formed alongside two one-year randomised controlled trials in the Netherlands and Bel

gium, comparing tiotropium to the short -acting anticholinergic ipratropium. The second 

approach to cost-effectiveness analysis concerns a decision-analytic model, using data from 

six trials from the clinical trial program of tiotropium. The aim of this probabilistic Markov 

model is to compare the cost-effectiveness of tiotropium, salmeterol (a long-acting beta

agonist) and ipratropium for the treatment of patients with COPD in different countries. In 

this thesis, a comparison is made between the Netherlands and Canada. An advantage of the 

prospective economic evaluation is that all outcomes are obtained in a randomised situation 

and that they are based on data from individual patients from the same population. The 

model-based economic evaluation, on the other hand, provides the opportunity to compare 

several treatments within the same framework, to use data from a variety of sources, to adjust 

cost estimates in order to compensate for trial-related protocol-driven costs, and to gener

alise the estimates of costs and effects to other settings and countries. 

The prospective and model-based economic evaluations resulted in comparable esti

mates of the reduction in exacerbations due to treatment with tiotropium. The estimated re

duction was approximately 35% (difference: 0.27, 95% confidence interval (cr): -0.02; 0.37) 

when tiotropium was compared to ipratropium, and approximately 20% (difference: 0.17, 

95% cr: -0.02; 0.37) when tiotropium 'Was compared to salmeterol. Differences between the 
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prospective and model-based approach became apparent in the estimates of costs. In the 

prospective economic evaluation, tiotropium was associated with an increase in costs of 

€ 180 (95% cr: -268; 627) when compared to ipratropium. In the model-based analysis for the 

Netherlands, the mean costs of patients in the tiotropium group were € 170 (95% cr: -812; 335) 

lower than the costs of patients in the ipratropium group and € 42 (95% CI: -484, 353) lower 

than the costs of patients in the salmeterol group. The difference with the prospective analy

sis is mainly due to adjustments for protocol-driven costs, the estimated price of the study

medication ipratropium, and the estimated number of severe exacerbations. In Canada, costs 

were consistently lower than in the Netherlands and almost the same in all treatment groups. 

Differences between the two countries were mainly due to a longer length of hospital stay in 

case of an exacerbation in the Netherlands. 

Standardisation and comparability of costs in economic evaluations I To measure and 

value costs in the economic evaluations of tiotropium we made use of the Dutch 'Manual for 

costing: methods and standard costs for economic evaluations in healthcare'. The manual 

was published as a response to differences between economic evaluations with regard to the 

way costs were measured and valued. The manual aims to improve the quality and compa

rability of the costing in Dutch (pharmaco-) economic evaluations. 

This thesis discusses the content of the manual and some of the key issues related to the 

standardisation of costs. In the manual, we introduce a six-step procedure for costing and 

these steps address: 1) the scope of the study; 2) the choice of cost categories; 3) the identifi

cation of units; 4) the measurement of resource use; s) the monetary valuation of units; and 

6) the calculation of unit costs. During each step, choices have to be made and these together 

define the approach taken. Five key issues related to the standardisation of costs are distin

guished. These are the use of: 1) basic principles; 2) methods for the measurement and val

uation; 3) standard costs; 4) standard values; and s) the presentation of outcomes. By the use 

of these key issues, the manual tries to find a balance between standardisation of costs and 

the necessity to tailor the approach to a specific study setting. 

Costs of inpatient hospital days are the main driver of total treatment costs in many dis

eases, therefore we performed a study to determine unit costs of inpatient hospital days from 

22 general wards and 11 intensive care units (Icus) from 15 hospitals. The mean costs per in

patient day varied from € 230 in general hospitals, to € 323 in university hospitals, and to € 1125 

in reus. Nursing costs contributed to 38% of the total costs on a general ward to 48% of the 

total costs on an rcu. Despite the use of uniform costing methods, this study showed that 

there were considerable differences behveen the estimates of costs from the different cen

tres. Often, these differences cannot be explained from the type of hospital or the case-mix 

of patients in a hospital. The results from this study were used to derive a standard cost for 

inpatient days for the Dutch manual. The use of standard costs for the valuation may elim

inate some of the differences that are not due to actual differences in the resources consumed 

and thus contribute to the standardisation and comparability of economic evaluations. 



Generalisability of economic outcomes across countries I The prospective economic eval

uation of tiotropium was based on two clinical trials conducted in the Netherlands and in 

Belgium. Information about the cost-effectiveness of tiotropium in other countries was not 

available and the question arose how such information could be obtained. ·whereas it may 

often be assumed that the biological effect of a treatment is more or less the same for patients 

from different countries, this clearly is not a valid assumption for resource use and costs. 

Many factors that are pertinent to resource use and costs are known to vary across countries 

and, clearly, resource use and costs may not be generalised to other countries ·without appro

priate adjustment. 

The primary aim of the model-based economic evaluation of tiotropium was to assess the 

cost-effectiveness of tiotropium in different countries. Considering this aim, several character

istics of the model are worth discussing. A first characteristic of the model is its probabilistic 

nature, as opposed to deterministic models, that enables the analysis of uncertainty around 

the estimates of costs and effects, and the resulting ratios. The second characteristic is that all 

model inputs related to the effectiveness of treatment are based on patient-level trial data. 

Hence, outcomes of the model could be validated with the clinical trial data, thereby increas

ing the acceptance of models by local reimbursement authorities. A final characteristic of 

this model is the assumption that, given disease state and the presence or absence of an event, 

estimates of resource use and unit costs do not differ between treatment anns. Hence, no 

assumptions have to be made about differences bet\veen treatment arms in the cost per event 

or the maintenance cost per disease severity state. All differences between treatment groups 

are accounted for by differences in transition and event probabilities. This characteristic can 

be considered a necessary requirement for models that aim to estimate cost-effectiveness in 

different countries or settings, and allow resource use to be estimated from a variety of sour

ces and settings inside or outside the trials. 

Analysis of event-driven costs I In a post-hoc analysis of the prospective cost -effectiveness 

analysis of tiotropium, we determined the costs of COPD-related exacerbations. Exacerba

tions contributed to approximately 34% of the total respiratory-related healthcare costs. 

Estimates of the mean (sn) costs of exacerbations ranged from € 86 (223) for a mild exacer

bation to € 579 (1227) for a moderate exacerbation to ( 4007 (5922) for a severe exacerba

tion. Of these exacerbations, 16% was associated with a hospitalisation and accounted for 

90% of the total costs of exacerbations. This typical situation of a few patients incurring rare 

but highly expensive costs and many patients having few or no costs causes the distribution 

of costs to be severely skewed, with important implications for the calculation and analysis 

of cost data. As many empirical economic evaluations are performed alongside randomised 

controlled trials powered on some clinical outcome measure, the sample size is often not 

sufficient to detect differences bet\veen treatments that are 'statistically significant' at conven

tional levels. The high variance in costs and cost-effectiveness outcomes is one of the driv

ing forces behind the concept that an adequate description of uncertainty is more relevant 

for decision-making than classical hypothesis testing based on some arbitrary threshold of 

statistical significance. 
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Despite the high costs of events and the resulting skewed distribution of costs, the sample size 

in the prospective cost-effectiveness analysis of tiotropium was large enough to apply com

mon methods to analyse the cost data. Bootstrapping and normal approximation resulted in 

almost identical confidence intervals of the difference in costs. To describe the uncertainty 

around the cost-effectiveness ratios in the prospective and model-based economic evalua

tions, we put current principles into practice. In the prospective evaluation, we presented 

the incremental cost-effectiveness of tiotropium versus ipratropium on the cost-effective

ness (cE) plane and the CE acceptability curve (figure 4.2). The CE planes show the ellipses 

containing 5%, soo/o and 95% of the probability density of the difference in costs and effects, 

facilitating a rapid and visual interpretation of the uncertainty around the CE ratio. The CE 

acceptability curve shows the probability that a treatment is cost-effective for different val

ues of the ceiling ratio. For instance, if the willingness to pay to avoid one exacerbation or to 

have one additional patient with a relevant improvement on the St. George's Respiratory 

Questionnaire was set at t: 2000, the probability that tiotropium is acceptable was So% and 

72% respectively. In the model-based economic evaluation, we compared three treatments 

within the same framework. Based on the assumption that these treatments are, in principle, 

mutually exclusive, we presented separate curves for each treatment instead of incremental 

curves for each mutual comparison. The acceptability frontier follows the curve of the treat

ment with maximum expected net benefit, hence determining the optimal treatment from a 

cost-effectiveness perspective for each value of the ceiling ratio. The acceptability frontier of 

exacerbations showed that tiotropium was associated with maximum expected net benefit 

for all values of the ceiling ratio above € o in the Netherlands and above € 10 in Canada. 

Analysis of incomplete cost data due to premature withdrawal I About 83% of the patients 

in the prospective economic evaluation of tiotropium completed the entire 1-year study. 

About 15% of the patients in the tiotropium group and about 21% of the patients in the iprat

ropium group prematurely withdrew before the scheduled end date. To deal with the data of 

patients with incomplete follow-up, we applied the multiple imputation (Mr) propensity 

score method and compared the results with those of various non-principled methods. It was 

shown that the point estimate and the 95% CI of the difference in costs betw-een the treat

ments were considerably affected by the different methods. Many economic evaluations of 

chronic diseases are based on prospective data collected during longitudinal studies. In these 

studies, the occurrence of incomplete data due to premature withdrawal of patients is a 

common problem, but the attention that has been paid to this problem in relation to the 

analysis of costs in economic evaluations is surprisingly small. 

V-le designed a simulation study to investigate how standard methods for dealing with in

complete data performed when applied to cost data with various distributions and various 

types of dropout. The simulations constituted the creation of samples with patient character

istics and costs, the creation of dropout in these samples, and the analysis of the incomplete 

samples. In the different sets of samples costs were distributed either 1) multivariate normal; 

2) multivariate lognormal; or 3) multivariate lognormal enlarged with costs of events. Drop

out in each sample was created either 1) completely at random (i.e. the occurrence of dropout 



is independent from the observed and unobserved data; DCAR); 2) at random (i.e. the occur

rence of dropout is related to data that are observed in the periods before dropout; DAR); or 

3) as informative dropout (i.e. the occurrence of dropout is related to the unobserved data; 

ID). Various naive and principled methods were selected to deal with the missing data. Se

lected principled methods included the product-limit estimator of Lin et al., the expectation 

maximisation (EM) algorithm and various types of multiple imputation. 

Almost all methods were unbiased in case of dropout completely at random (ncAR), but 

only the principled methods provided adequate estimates of theSE. The best estimates of 

mean and SE in case of dropout at random (DAR) were provided by the bootstrap EM algo

rithm, MI regression and MI Monte Carlo Markov Chain. These methods vvere able to deal 

with skewed cost data in combination with DAR and only became biased when costs also in

cluded the costs of expensive events. None of the methods was able to deal adequately with 

informative dropout. Based on these results it was concluded that, the EM algorithm with 

bootstrap, MI regression and MI MCMC are robust to the multivariate normal assumption 

and are the preferred methods for the analysis of incomplete cost data when the assumption 

of DCAR is not justified. The analyses also showed that skewness may not be the only problem 

of data characterised by high costs of clinical events, and that mixed or bimodal distribu

tions and large variation in costs within a patient over time may constitute the real obstacles 

for the adequate analysis of incomplete cost data. In data sets with such complex mixed dis

tributions and with substantial and different dropout rates between treatment groups, the 

applicability of standard methods to analyse the incomplete data should be questioned. 

Applicability of results to other diseases I The findings of this thesis may apply to many 

diseases other than COPD. Standardisation and generalisability are essential determinants of 

all studies incorporating resource use and costs. The impact of high-cost events and the prob

lem of incomplete data due to premature withdrawal, as discussed in this thesis, deserve 

more attention in virtually all economic evaluations. 

Ill SAMENVATTING 

Inleiding I Gedurende de laatste decennia zijn de kosten van de gezondheidszorg in VVes

terse landen snel gestegen en werd het duidelijk dat grenzen gesteld dienden te worden aan 

deze groei. De behoefte ontstond om nieuwe technologieen niet automatisch te laten instromen 

in de zorg, maar deze eerst te beoordelen om zodoende gefundeerde beslissingen te kunnen 

nemen inzake registratie, vergoeding en prijsvorming. Deze ontwikkelingen hebben geleid 

tot een sterke groei van het aantal economische evaluaties op allerlei terreinen in de gezond

heidszorg en diverse auteurs hebben gepleit voor standaardisatie van methodologie, teneinde 

de vergelijkbaarheid van economische evaluaties te verbeteren. 

Dit proefschrift beoogt een bijdrage te leveren aan de vergelijkbaarheid en generaliseer

baarheid van economische evaluaties door het standaardiseren en verbeteren van methoden 

voor het berekenen en analyseren van kosten. Aan de hand van de economische evaluatie van 

tiotropium bij patienten met COPD zullen de volgende methodologische onderwerpen be

handeld worden: 
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·de standaardisatie en vergelijkbaarheid van kosten in economische evaluaties; 

·de generaliseerbaarheid van de resultaten van economische evaluaties naar andere landen; 

·de invloed van dure medische gebeurtenissen (Engels: 'events') op de kostenanalyse; en 

·de analyse van incomplete kostengegevens als gevolg van voortijdige uitval. 

rlill Economische evaluatie van tiotropium bij patienten met COPD 1 Chronisch obstruc

tieve longziekte (co Po) is een aandoening van het respiratoire systeem, gekarakteriseerd 

door een geleidelijke, progressieve vermindering van de longfunctie die grotendeels onom

keerbaar is. Het anticholinergicum tiotropium is een langwerkende bronchusverwijder voor 

de behandeling van patienten met COPD. In dit proefschrift worden de kosten en effecten 

van de behandeling met tiotropium beschouwd a an de hand van twee complementaire vor

men van economische evaluaties. De eerste vorm betreft een prospectieve kosteneffectivi

teitsanalyse gekoppeld aan twee gerandomiseerde klinische studies in Nederland en Belgie, 

waarin tiotropium wordt vergeleken met ipratropium, een kortwerkend anticholinergicum. 

De tvveede vorm van economische evaluatie bestaat uit een besbskundig model, waarbij ge

gevens worden gebruikt van zes trials die onderdeel zijn van het ldinische trial programma 

van tiotropium. Het doel van dit probabilistische Markov model is bet vergelijken van de kos

teneffectiviteit van tiotropium, salmeterol ( een langwerkende beta-agonist) en ipratropium 

met betrekking tot de behandeling van patienten met coPD in verschillende Ianden. Op basis 

van deze modelmatige analyse \Varden de resultaten van Nederland vergeleken met die van 

Canada. Het voordeel van een prospectieve economische evaluatie is dat alle uitkomsten ver

kregen zijn in een gecontroleerde en gerandomiseerde situatie en gebaseerd zijn op indivi

duele patientgegevens uit dezelfde populatie. De modelmatige analyse daarentegen biedt de 

mogelijkheid om meerdere behandelingen binnen hetzelfde raamwerk te vergelijken, gege

vens uit verschillende databronnen te combineren, kostenschattingen aan te pass en aan de 

werkelijke praktijk, bijvoorbeeld door te corrigeren voor kosten die samenhangen met het 

trial-protocol, en de schattingen van kosten en effecten te generaliseren naar andere situaties 

en land en. 

De prospectieve en de modelmatige analyse resulteren in een vergelijkbare reductie van 

het aantal exacerbaties als gevolg van de behandeling met tiotropium. Ten opzichte van ipra

tropium bedraagt de reductie in het aantal exacerbaties per patient per jaar circa 35% { ver

schil: 0.27; 95% betrouwbaarheidsinterval (Br): 0.02; 0.52) en ten opzichte van salmeterol 

circa 20% ( verschil: 0.17, 95% B 1: -0.02; 0.37). Verschillen tussen de prospectieve en modelma

tige benadering komen met name tot uiting in de kostenschattingen. De prospectieve eco

nomische evaluatie laat zien dat de behandeling met tiotropium leidt tot een stijging van de 

gemiddelde kosten per patient ten opzichte van ipratropium van € 180 (95% BI: -268; 627). 

De modelmatige benadering daarentegen resulteert in lagere kosten voor tiotropium. Een 

verschil van € 170 (95% B I: -812; 335) ten opzichte van ipratropium en een verschil van € 42 ten 

opzichte van salmeterol (95% B r: -484; 353). Het verschil met de prospectieve analyse wordt 

onder meer veroorzaakt door een correctie voor kosten die samenhangen met het trial-pro

tocol, de geschatte prijs van de studiemedicatie ipratropium en het geschatte aantal ernstige 

exacerbaties. De kosten in Canada waren aanzienlijk lager dan in Nederland en nagenoeg 



gelijk in de drie behandelgroepen. De belangrijkste oorzaak voor het verschil tussen de twee 

Ianden was de langere opnameduur in geval van een exacerbatie in Nederland. 

Standaardisatie en vergelijkbaarheid van kosten in economische evaluaties 1 In de eco~ 

nomische evaluaties van tiotropium is voor bet meten en waarderen van zorggebruik gebruik 

gemaakt van gegevens uit de 'Handleiding voor Kostenonderzoek: methoden en richtlijnprij

zen voor economische evaluaties in de gezondheidszorg'. Deze handleiding is uitgebracht a is 

reactie op de verschillen tussen economische evaluaties met betrekking tot de \vijze waarop 

kosten worden gemeten en gewaardeerd. Met bet uitbrengen van de handleiding is beoogd 

de kwaliteit en vergelijkbaarheid van kostenbepalingen in Nederlandse economische evalu

aties te verbeteren. 

In dit proefschrift, wordt de inhoud van de handleiding bediscussieerd en ·worden een 

aantal kernbegrippen met betrekking tot de standaardisatie van kosten behandeld. In de 

handleiding wordt een stappenplan voor kostenonderzoek gelntroduceerd, bestaande uit de 

volgende stappen: 1) het bepalen van de reikv•lijdte van het onderzoek; 2) de keuze van kos

tencategorieen; 3) de identificatie van eenheden; 4) de volumemeting; 5) de waardering van 

eenheden en 6) het berekenen van kostprijzen. Elke stap gaat gepaard met het maken van 

keuzes die uiteindelijk vastleggen op welke wijze de kostenbepaling wordt uitgevoerd. Kern

begrippen met betrekking tot de standaardisatie van kosten zijn 1) unifonne uitgangspunten; 

2) metboden voor het meten en berekenen van kosten; 3) standaardkosten ('richtlijnprijzen'); 

4) standaardrekenwaarden en 5) de rapportage van kosten. Door het gebruik van de ver

schillende elementen wordt beoogd een goede balans te vinden tussen de standaardisatie 

van kosten en het verschaffen van voldoende mogelijkheden om recht te do en aan de speci

fieke situatie waarin het onderzoek wordt uitgevoerd. 

Bij veel aandoeningen worden de to tale kosten van behandeling in belangrijke mate be

paald door de kosten van verpleegdagen in ziekenhuizen. Om inzicht te krijgen in de kosten 

van verpleegdagen is een onderzoek uitgevoerd waarbij kostprijzen zijn bepaald van ligdagen 

op 22 verpleegafdelingen en 11 intensive care afdelingen van in totaal15 ziekenhuizen. De ge

middelde kosten per verpleegdag varieerden van € 230 voor een verpleegdag in een algemeen 

ziekenhuis, tot € 323 in een universitair ziekenbuis en tot € 1125 voor een ligdag op een inten

sive care afdeling. Het aandeel van de kosten voor verpleging varieerde van 38% op een ver

pleegafdeling tot 48% op een intensive care afdeling. Dit onderzoek laat zien dat ondanks het 

gebruik van uniforme methoden voor het verzamelen en berekenen van kosten er een grate 

varia tie kan bestaan in kosten verkregen uit verschillende centra. Deze verschillen kunnen 

lang niet altijd verklaard worden door verschillen in behandeling of patientenpopulatie. De 

resultaten van dit onderzoek zijn gebruikt voor het berekenen van een standaard kostprijs 

voor verpleegdagen. Het gebruik van standaard kostprijzen uit de handleiding kan bijdragen 

aan het voorkomen van verschillen tussen economische evaluaties die geen verband bouden 

met werkelijke verschillen in zorggebruik en aldus bijdragen aan de standaardisatie en ver

gelijkbaarheid van economische evaluaties. 
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Generaliseerbaarheid van economische evaluaties naar andere landen I De prospectieve 

economische evaluatie van tiotropium was gebaseerd op 2 klinische trials in Nederland en 

Belgie.Informatie omtrent de kosteneffectiviteit van tiotropium in andere landen ontbrak en 

de vraag rees op welke wijze deze informatie verkregen kon worden. Terwijl vaak mag wor

den aangenomen dat het biologische effect van een behandeling min of meer gelijk is voor 

patienten uit verschillende landen, mag deze aanname voor zorggebruik en kosten niet zo

maar gemaakt worden. Er zijn diverse factoren die bijdragen aan verschillen in zorggebruik 

en kosten tussen land en en het is duidelijk dat generalisatie van zorggebruik en kosten naar 

andere Ianden niet zonder meer mogelijk is. 

Het primaire doel van de modelmatige economische evaluatie van tiotropium, was het 

bepalen van de kosteneffectiviteit van tiotropium in verschillende Ianden. Gezien dit doel, 

zijn drie eigenschappen van het model met name van belang. Ten eerste is het model, in tegen

stelling tot deterministische modellen, volledig probabilistisch, waardoor de onzekerheid in 

kosten, effecten en kosteneffectiviteit geanalyseerd kan worden. Ten tweede zijn aile input 

parameters van het model die gerelateerd zijn aan de effectiviteit van de behandelingen geba

seerd op empirische trial gegevens. Hierdoor is het mogelijk om de uitkomsten van bet model 

te valideren aan de hand van de uitkomsten van de klinische trials en daarmee de transpa

rantie en acceptatie van het model te vergroten. Ten derde zijn aile schattingen van zorgge

bruik en kostprijzen gekoppeld aan ziektestadia en exacerbaties en deze schattingen zijn voor 

alle behandelgroepen hetzelfde. Er hoeven dus geen aannames gemaakt te worden met be

trekking tot verschillen in zorggebruik tussen behandelgroepen. Behoudens het verschil in 

de prijs van studiemedicatie hangen alle verschillen in kosten tussen behandelgroepen sam en 

met verschillen in overgangs- en exacerbatiekansen. Deze eigenschap kan beschouwd worden 

als een minimum voonvaarde voor besliskundige model! en die beogen de kosten en kosten

effectiviteit te bepalen in verschillende landen. Door deze eigenschap wordt het tevens moge

lijk om schattingen van zorggebruik niet aileen te baseren op gegevens die in de klinisch trial 

verzameld zijn, maar kunnen deze gegevens ook ontleend worden aan andere databronnen. 

De invloed van dure medische gebeurtenissen op de analyse van kosten I In een post-hoc 

analyse van gegevens ontleend aan de prospectieve kosteneffectiviteitsanalyse van tiotropium 

is een berekening gemaakt van de kosten van COPD exacerbaties. Schattingen van de gemid

delde (standaarddeviatie) kosten van exacerbaties varieerden vanE 86 (223) voor een milde 

exacerbatie tot € 579 {1227) voor een gemiddelde exacerbatie tot € 4007 (5922) voor een ern

stige exacerbatie. Zestien procent van de exacerbaties resulteerde in een opname en deze 

exacerbaties waren verantwoordelijk voor 90% van de totale kosten van exacerbaties. Deze 

karakteristieke situatie waarin een klein aandeel van de patienten zeer hoge kosten heeft en 

het grootste dee! van de patienten lage of geen kosten, zorgt voor een zeer scheve verdeling 

van de kosten met belangrijke consequenties voor het berekenen en analyseren van kosten. 

Omdat veel empirische economische evaluaties worden uitgevoerd in samenhang met een 

gerandomiseerde klinische studie waarbij de steekproefomvang gebaseerd is op klinische 

uitkomstmaten, zal het onderscheidingsvermogen van de studie doorgaans niet voldoende 

zijn om verschillen in kosten aan teton en die, bij het gebruik van conventionele waarden, 
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'statistisch significant' zijn. De grote varian tie in kosten en kosteneffectiviteit is een van de 

belangrijkste motivaties voor de opvatting dat een adequate beschrijving van onzekerheid 

relevanter is voor de besluitvorming dan de klassieke benadering gericht op het testen van 

hypotheses waarbij gebruik wordt gemaakt van een arbitrair afl(appunt met betrekking tot 

statistische significantie. 

Ondanks de hoge kosten van exacerbaties en de resulterende scheve verdeling van kosten 

in de prospectieve economische evaluatie van tiotropium, was de steekproefomvang groot 

genoeg om gebruikelijke methoden voor de analyse van kosten toe te passen. Bootstrap~simu

latie en schattingen gebaseerd op de aannames van een normale verdeling resulteerden in 

nagenoeg identieke betrouwbaarheidsintervallen van het verschil in kosten. Voor het analy

seren van de onzekerheid rondom de kosteneffectiviteitsratio's zijn bestaande uitgangspun

ten in praktijk gebracht. In de prospectieve economische evaluatie, is de incrementele kosten

effectiviteit van tiotropium versus ipratropium gepresenteerd aan de hand van een grafische 

weergave op het 'kosteneffectiviteitsvlak' (Engels: CE-plane) en aan de hand van de 'kosten

effectiviteit-aanvaardbaarheidscurves' ( CE-acceptability curve). Op het kosteneffectiviteits

vlak worden ellipsen gepresenteerd die so/o, soo/o en 95% van de kansmassa van het verschil 

in kosten en effecten omvatten en faciliteren daarmee een snelle en visuele interpretatie van 

de onzekerheid rondom de ratio. De kosteneffectiviteit-aanvaardbaarheidscurve geeft voor 

verschillende waarden van de kosteneffectiviteitslimiet, de kans weer dat een behandeling 

kosteneffectief is. Wanneer de limiet per voorkomen exacerbatie dan wel per patient met een 

relevante verbetering op de St. George's Respiratory Questionnaire wordt gesteld op bijvoor

beeld € 2000, dan is de kans dat tiotropium acceptabel is respectievelijk 8oo/o en 72%. In de 

modelmatige economische evaluatie van tiotropium werden drie behandelingen vergeleken 

binnen hetzelfde raamwerk. Gebaseerd op de aanname dat deze behandelingen elkaar weder

zijds uitsluiten, zijn, in plaats van incrementele curves voor de directe vergelijking van twee 

behandelingen, aanvaardbaarheidscurves gepresenteerd voor elke behandeling afzonderlijk. 

De aanvaardbaarheidsgrens volgt de curve van de behandeling met het hoogste verwachte 

netto profijt en bepaalt aldus voor elke waarde van de limiet wat de optimale behandeling is 

vanuit het perspectief van het kosteneffectiviteitscriterium. De aanvaardbaarheidscurve voor 

exacerbaties laat zien dat in Nederland en Canada tiotropium het hoogste verwachte netto 

profijt had voor aile waarden van de kosteneffectiviteitslimiet boven respectievelijk € o en € 10. 

Analyse van incomplete kostengegevens vanwege voortijdige uitval I In de prospectieve 

economische evaluatie van tiotropium completeerde 83% van de patienten de studie. Vijftien 

pro cent van de patienten in de tiotropium groep en 21% van de patienten in de ipratropium 

groep viel voortijdig uit. De gegevens van deze uitvallers zijn geanalyseerd door het toepas

sen van een vorm van multiple imputatie (MI), de propensity score methode. De resultaten 

van deze analyse zijn vergeleken met de uitkomsten van analyses verkregen door toepassing 

van een aantal niet-formele methoden. De analyses resulteerden in aanzienlijke verschillen 

in de puntschatting en het 95% BI van het verschil in kosten tussen de behandelgroepen. Veel 

economische evaluaties van chronische ziekten zijn gebaseerd op prospectieve, longitudinale 

studies, waarin voortijdige uitval van patienten een veel voorkomend probleem zal zijn. 
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Desalniettemin is tot op heden nauwelijks aandacht besteed aan het probleem van voortij

dige uitval in relatie tot de analyse van kosten in economische evaluaties. 

Om te onderzoeken hoe standaardmethoden voor de analyse van incomplete gegevens 

presteren indien toegepast op kostengegevens, is in dit proefschrift een simulatiestudie op

gezet. De simulaties bestaan uit het aanmaken van samples met patientkenmerken en kos

ten, het creeren van uitval in deze samples en de analyse van de incomplete samples. Kosten 

in de verschillende steekproeven worden gekenmerkt door een van de volgende verdelingen: 

1) multivariaat normaal; 2) multivariaat lognormaal of 3) multivariaat lognormaal vermeer

derd met de kosten van medische gebeurtenissen. Daarnaast is in elke sample een van devol

gende vormen van uitval gecreeerd: 1) volslagen willekeurig, waarbij uitval onafhankelijk is 

van de geobserveerde en niet -geobserveerde data ('dropout completely at random'; DCAR), 

2) willekeurige uitval, \Vaarbij uitval gerelateerd is aan de geobserveerde data ('dropout at 

random'; DAR) of 3) informatieve uitval, waarbij de uitval gerelateerd is aan niet-geobser

veerde data ('informative dropout'; m). Vervolgens zijn verschillende naleve en formele 

methoden geselecteerd voor het analyseren van de incomplete samples. 

Nagenoeg aile methoden geven goede schattingen van de gemiddelde kosten in geval van 

DCAR, maar aileen de formele methoden resulteren in adequate schattingen van de sE. De 

beste schattingen van de gemiddelde kosten en de SE in geval van DAR worden verkregen 

door toepassing van het EM -algoritme met bootstrap, MI regressie en MI MCMC. Deze metho

den resulteren in goede schattingen bij multivariaat lognormaal verdeelde kosten in combi

natie met DAR en vertekening in de uitkomsten ontstaat aileen wanneer de kosten tevens de 

kosten van dure medische gebeurtenissen omvatten. Geen van de methoden presteerde goed in 

geval van ID. Op basis van deze resultaten is geconcludeerd dat het EM-algoritme met boot

strap, MI regressie en Mr MCMC robuust zijn voor afvvijkingen van de vereiste van een multi

variaat normale verdeling. Deze methoden hebben dan ook de voorkeur boven andere metho

den, wanneer de aanname van DCAR niet gerechtvaardigd is. Dit onderzoek laat ook zien dat 

een scheve verdeling niet het enige probleem is van kosten die mede bestaan uit hoge kosten 

van medische gebeurtenissen. Samengestelde of bimodale verdelingen en een grote varia tie 

in kosten bij een patient in de tijd vormen de grootste obstakels voor de adequate analyse van 

incomplete kostendata. In geval van kosten met zulke complexe, samengestelde verdelingen 

en met aanzienlijke, ongelijke uitvalpercentages in de behandelgroepen, client betwijfeld te 

worden of de dataset met behulp van standaardmethoden voor de analyse van incomplete 

kostengegevens geanalyseerd kan worden. 

Geldigheid van de resultaten voor andere aandoeningen I De bevindingen van dit proef

schrift hebben niet aileen betrekking op coP o, maar gel den oak voor een groat aantal andere 

aandoeningen. Standaardisatie en generaliseerbaarheid zijn essentiele determinanten van 

bijna aile studies op het gebied van zorggebruik en kosten. In nagenoeg aile economische 

evaluaties zou meer aandacht geschonken moeten worden aan de problemen van hoge kos

ten van medische gebeurtenissen en incomplete gegevens als gevolg van voortijdige uitval 

zoals beschreven in dit proefschrift. 
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stijl, publicaties en zeker ook dit proefschrift. Het tiotropium-onderzoek was een grate en 

wei heellangdurige klus, maar zorgde ook voor de mogelijkheid om ons te verdiepen in de 

vele as pecten gerelateerd aan de analyse van kosteneffectiviteit en onzekerheid. Jouw streven 

om de analyse steeds beter te doen zorgde voor een belangrijke motivatie om nieuwe tech

nieken toe te passen en ons deze eigen te maken. Precies datgene wat het onderzoek zo leuk 

maakt. Ik prijs mij gelukkig dat jij mijn co promotor hebt willen zijn. 

Beste Frans, ik had niet gedacht dat de uitnodiging in 1998 om een voorstel te schrijven 
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