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Abstract

The purpose of this thesis is to explore the theory, practice and application of costing
with specific reference to cancer. In part it reviews the theory and guidelines related
to costing methods including the recent focus on the analytical techniques used with
cost data. In addition it examines how these theories and guidelines are applied in
practice, by reviewing the literature on costs and cancer. The empirical research in
this thesis applies costing methods to three specific cancer sites; breast, cervix and
lung. This analysis provides information on the total burden of these specified cancers
in terms of cost to a typical health authority (Trent). It also explores the hypothesis
highlighted in previous studies that the cost of cancer increases with the stage of the
disease. The final area of contribution for the thesis is in the application of recently
suggested analytical techniques for cost data to the breast, cervical and lung cancer
data sets; it investigates a number of proposed techniques for the analysis of skewed

cost data and methods for data with incomplete patient follow up.
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Chapter 1

Introduction

1.1  The role of costing in the economic analysis of health care

It is recognized that in order to ensure that the health service maximizes patients’
benefits from the limited resources available, a systematic assessment of the costs
and consequences of treatments or interventions in health care is required. The
tool used for this purpose is known as economic evaluation. Such evaluations
explore the relationship between the costs (resources used) and effects (health

benefits) for an intervention compared with an alternative strategy. The
incremental cost-effectiveness ratio (ICER) reports the difference in mean per

patient cost (C) divided by the difference in benefits (E) of the alternatives being

assessed:

___:.g_isM
E -Eg

Where the left-hand side of the above equation is the incremental cost-
effectiveness ratio (ICER), and M is equivalent to the maximum amount a
decision-maker 1s willing and able to pay for an extra unit of effectiveness. The
first form of economic evaluations of health care tended to be cost-of-illness
studies undertaken on a cost-benefit framework(1-6), whereby the benefit side of
the equation was estimated to be reduced costs of treatment and reductions in loss

of productivity. These cost-of-illness evaluations are similar to cost-benefit

evaluations, where the costs of the programme/intervention are compared with the

benefits from the programme/intervention to see whether a net benefit exists. Both



these approaches rely on the ability to value both the inputs and outputs in some
form of monetary measure. The weakness of the approaches lies in the estimation
of monetary values for non-monetary outcomes'!. This weakness led to the
development of cost-effectiveness analysis, in which the effects are measured in
physical units such as life-years gained or number of cancers detected/ prevented.
This approach has been further refined to allow for comparisons across disparate
diseases and medical technologies such as rheumatoid arthritis and childhood
cancers, by ‘quality adjusting’ the life years gained. This type of economic
evaluation is termed a cost-utility analysis. The central theme pertaining to all
these types of evaluations is the cost side of the equation. Thus, the definition,
identification, measurement and valuation of costs are central to economic
evaluations of health care.

Although costing is central to any type of economic evaluation, until
recently there has been little emphasis placed on the methods involved in
identifying, measuring, valuing and analysing costs. This relative lack of interest
is reflected in guidelines of methodology for economic evaluation in health
care(10-12), while other researchers have been more explicit:

“Although economists are seen as experts on costing by health professionals, the
key issue in economic evaluation is the choice of outcome measure.” (13:279).
Recently there has been a resurgence of interest in the cost side of the equation.
Although the attention has focused on the appropriate statistical analysis of cost

data(14-19), rather than the unresolved issues of how to value the identified units

of resource use.

! Methods exist for the valuation of non-monetary outcomes in a monetary format; revealed
preference (7) and contingent valuation (willingness-to-pay methods) (9).



1.2  Contribution of the thesis
This thesis considers the theory, practice and application of costing. In part it
reviews the theory and guidelines of costing methodology and explores the recent
focus on the analytical techniques used with cost data. It also aims to determine
how these guidelines are applied in practice, by reviewing a sample of published
papers that report on cancer costs. Previous reviews of costing methods are limited
in number and none report on how the theory and guidelines are translated into
practice. This rgview therefore aims to provide an insight into the strengths and
limitations of costing methods outlined in the guidelines and theory and used in
practice. The literature review is also used to inform the main part of the thesis,
which is devoted to applying costing methods to the disease, cancer. Cancer is an
important disease and, for the purpose of costing, exhibits interesting properties.
Despite progress in research providing a better understanding of cancer and
as a result improved prognosis of cancer patients being observed over recent
decades, malignant disease remains the number two cause of mortality in most
industrialized countries (behind cardiovascular disease). It is responsible for
approximately a quarter of all deaths in Europe, North America and Japan(20). In
terms of morbidity one in three people will develop cancer in their lifetime(21). It
is primarily a disease of the elderly, with an incidence rate for those aged 65 years
and older being in the region of ten times greater than those aged less than 65
years. The interest with respect to costs and cancer is that cancer imposes a drain
on societal resources. This is made up of the medical resources such as personnel,
equipment and materials, used in the diagnosis, staging, treatment and follow up
care of cancer patients, plus the loss of time and production for the patients and

their relatives while receiving or traveling to and from treatment, and any impact



on society due to loss of productivity as a result of morbidity or premature

mortality. In this thesis the focus is on the costs of medical resources, in particular,

hospital costs.

Researchers often make reference to the medical cost of cancer(22-24), for

example:

“Particularly in the case of cancer, the economic issue is relevant as the costs per
case are particularly high, ...” (22:S10)

“The economic impact of cancer is enormous, with some 5% of health care
resources in industrialized countries devoted to its treatment and
prevention™(23:S1).

“...issues in cancer therapy, which accounts for around 7 per cent of UK health
service spending.” (24).

The first quote from Bonsel and colleagues is typical of many papers written about
cost and cancer, in that there is a general acknowledgement that the costs per case
are high, but these statements are rarely backed up by actual cost information,
which is unsurprising given that few costing studies of cancer have been
undertaken. Similarly, the latter quotes state that the costs of cancer is in the
region of 5-7 per cent of most countries health service spending, but how useful is
this rather out of date information to a health authority or policy maker and how
were these figures calculated? More useful information would be estimates of cost
related to specific cancer sites, such as lung and colorectal cancer, including data
on the constituents (surgery, radiotherapy, chemotherapy, inpatient stays,
complications etc.) of these cost estimates. This thesis explores the hospital based
treatment costs for three specific cancer sites; breast, cervical and lung. As well as

providing information on the cost per case and total cost burden to a typical health



authority, the thesis explores a further hypothesis highlighted in previous studies of
costs and cancer(25, 26). One of the interesting properties of cancer with respect
to costs is that cancer unless detected and treated is a progressive disease that
develops through well-defined stages. These stages are defined according to the
spread of the disease upon detection, if no spread is observed, the disease 1s
classified as an early stage cancer, once spread to local, regional or distant parts of
the body, the cancer is classified as a late stage disease. The hypothesis to be
tested 1n this thesis 1s that early detection leads to a reduction in related treatment
costs. Two studies have shown that cost is related to the stage of the cancer, and
increases with stage of the disease(25, 26), however a UK study of costs of treating
colorectal cancer found no positive correlation between stage of cancer and cost of
treatment(27). This thesis adds to the literature on the relationship between stage
of the disease and treatment costs, and explores the impact in terms of early
detection of disease. It also investigates the impact of other variables such as age
and gender and smoking status (where applicable) on costs.

The final area of contribution for the thesis is in the application and
exploration of recently suggested analytic techniques for cost data. Two problems
associated with cost data are explored. Firstly the distribution of cost data tends to
display a positive skew. This skew poses problems for using standard statistical
tests when comparing differences in mean cost. The second problem involves
incomplete follow up of patients over time. This is often encountered when
conducting economic analyses alongside trials, due to drop out (attrition), but is

also a problem associated with the retrospective collection of resource use data

from medical notes. The thesis explores a number of proposed techniques that take

account of incomplete follow up.



1.3 Structure of the thesis

Chapter 2 is a systematic review of the literature relating to costing theory,

methods and guidelines. The aim of the chapter is to provide a guide to the

complexities of cost estimation by answering four key questions:

1) What are costs?
2) Why are we interested in costs?
3) How are costs estimated?
4) How should costs be analysed?
The methods and techniques reported are examined in terms of current accepted

conventions, current debatable issues and areas of methodological evolution

requiring further evidence.

Chapter 3 follows from the review of the literature on the theory, methods and
guidelines by exploring their applications in practice. This review of costing in
practice is restricted to cancer and its treatment. The detailed review identifies
areas of imbalance between the methods suggested by guidelines and methods used
in practice. Along with the review reported in chapter 2, chapter 3 provides a basis

for the design of the empirical work conducted in the remaining chapters.

Chapter 4 details the background and methods related to the three core costing
chapters that follow. It provides information on the national estimates of cancer

incidence and mortality and includes a general description of cancer, its usual

treatment patterns and staging procedures and definitions. Details of the process of



data collection are reported along with information on the geographical region and

hospitals used for this purpose.

Chapters 5-7 report on the empirical estimation and analysis of breast, cervical
and lung cancer costs respectively. All three chapters are identical in structure.
They introduce the specified cancer in terms of mortality and morbidity; details
from published sources on the diagnostic procedures and treatments are also
discussed. The empirical section consists of information on the patient samples,
unit costs, resource utilization and total cost estimates. Further analysis by stage,

age, and other variables are examined. All three chapters include a comparison of

the cost estimates with the results from other costing studies for the same cancer
site. In addition, chapter § attempts a detailed evaluation of the impact of the

national breast-screening programme using the cost results.

Chapter 8 considers the appropriate statistical analysis of the breast, cervical and

lung cancer cost data. Cost data are invariably skewed, which causes problems for
using parametric statistical tests. The chapter explores a number of methods used
by statisticians and proposed by a few health economists to overcome this problem,
including, the removal of outliers, transformation of the data, nonparametric

statistics and bootstrapping and re-estimates the data used in chapters 5-7.

Chapter 9 explores the analysis of costs where data are censored. Censored cost
data occurs where the end point of interest has not been observed for a particular
individual/patient. Several techniques have been proposed in the literature that aim

to adjust for any censored data when estimating the average total cost. These range



from ignoring the issue of censoring altogether to estimating costs based on only
those with complete cost histories to using a combination of cost and Kaplan-
Meier survival estimates that takes account of any censoring. The chapter reports

on the results for the breast and cervical cancer data using the proposed techniques.

Chapter 10 provides a discussion of the findings of the thesis in relation to:
1) the theoretical considerations outlined in chapter 2,
and

2) the policy implications for the health service.

Chapter 11 draws together the conclusions of the thesis, with particular

consideration given to its contribution and ideas for future work.
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Chapter 2

Estimating Costs - Methodology Review.

2.1 Introduction

This chapter aims to take the reader through the complexities of cost estimation by

answering four questions:

1) What are costs?

2) Why, as health economists are we interested in costs?

3) How are costs estimated?

4) How should costs be analysed?
In responding to these questions the appropriate literature was searched and
reviewed. The review has been split into two components; firstly a review of
published guidelines to costing, and secondly a review of costing methods in
practice. These two components of the review are necessary as the published
guidelines to costing purely highlight the theoretical ‘dos’ and ‘do nots’ of costing
with little or no evidence of practice (discussed in this chapter). Whereas the
published studies highlight the realities involved in costing procedures (the
findings of which are reported and discussed in chapter 3). The first two questions
are answered relatively simply with a description of the theoretical underpinnings
of cost estimation. However, the last two questions provide scope for detailed and
lengthy responses, as the estimation and analysis of cost data has limited
standardised methodology, and can be (and is) undertaken in a number of different

ways. In fact, the complexities of cost estimation are generally understated by
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analysts engaged in economic evaluations. In published technical papers relating
to methodological issues in economic evaluations, there tends to be less emphasis
on the problems associated with cost estimation compared with those relating to
benefits measurement. Moreover, in published economic evaluations it is usually
difficult to determine how the final cost estimates are derived. Little explanation is
usually given of how the resources are identified and valued, let alone any basic
description of what resources are included in the cost estimation.

In answering the questions on estimation and analysis of costs the chapter is
structured so that the key costing processes and methodologies are introduced and
discussed 1n the order that one would think about and undertake in practice. It is
noticeable that some of these methods for costing have reached consensus, whereas

others have been debated and remain unresolved and there have also been new
areas of methodological research where ideas are still evolving and further research

is required. The discussion part of the chapter examines the methods in terms of:

1) Current accepted conventions

2) Current unresolved/debatable issues

3) Areas of methodological evolution, where further empirical research is

required.

2.2 Literature Search - materials and methods

Before any analysis of the cost of cancer could be undertaken, there was a need to
understand the costing process. This involved searching for any literature that had

been published on the concept of cost and its estimation. The guidance to costing

12



reported in this chapter was obtained from a number of literary sources procured

from a search of the literature conducted in the following manner:

e library catalogue searches for books on economic evaluation and costing

e Medline, BIDS, EMBASE and EconLit searches using search terms ‘economic
eval*’, ‘cost’, and ‘cost-effect*’ as key terms in the title or abstract

¢ Internet search of health economics and related sites

http://www.healtheconomics.com/

http:// www.oheschools.org/

http://www.york.ac.uk/inst/che/welcome.htm

http://http 1.brunel.ac.uk:8080/departments/herg/home.html

http://www.shef.ac.uk/uni/academic/R-Z/scharr/

http://www.abdn.ac.uk/heru/

http://www.ccohta.ca/

http://www.york.ac.uk/inst/crd/

http://www.hta.nhsweb.nhs.uk/

e recommendations from colleagues working in the health economics field,

particularly for any grey literature on costing methodology or country specific

guidelines.

o relevant books and papers referenced in any of the previously identified
literature.

The only exclusion criterion used was that the text should be in English language.

This literature search resulted in a substantial number of relevant articles, reports

and textbooks; these are displayed in Table 1. The literature in Table 1 has been

organised chronologically according to year of publication. All these publications

provide information on the methods, issues and guidance related to the costing

process. The review of this literature also provides a background to the evolution

13



of costing conventions. The costing literature in the 1960s, 1970s and early 1980s
focused on the methods used for estimating the cost-of-illness of diseases, however
very little was written on the methods during this period. The late 1980s and early
1990s saw an explosion in papers and textbooks aimed at giving guidance on the
costing process. However, this tended to be guidance on the theory of costing in
line with economic beliefs, hence discussions about direct and indirect costs,
opportunity costs, marginal and average costs, study perspective, discounting, how
to cost capital and how to deal with overheads. Little information was given on the
practical aspects involved in costing(1, 2) and no information was given on how
the costs should be analysed or reported. The list of literature in Table 2.1 shows
that throughout the 1990’s there has been an evolution of ideas and methods related
to the practice of costing. This includes an exploration into the practical aspects of
costing productivity losses(3-6), and whether they should be included in the total
cost estimate for the purpose of a cost-effectiveness ratio(7, 8), the methods
involved in costing informal care(9, 10), techniques to reduce the burden of data
collection(11, 12), possible methods for dealing with missing cost data(13-15), and
issues in the analysis of cost data(16-22). These key issues are outlined below and
are explored in greater detail throughout this chapter.

2.2.1 Key areas in the process of cost estimation

¢ The theoretical basis of cost estimation.

* Process of identification of important cost-generating events to be collected;

literature, previous studies, experts’ advice etc.

o Process of the measurement of resource-use; questionnaires, patients’ medical

records, pre-collected database, Delphi panel, trial database, prospective or

retrospective measurement.
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Process of valuation of resource-use; source of unit cost data (finance

department, published studies, cost estimation), adjustment of baseline price,

currency.

Sample size

Time-horizon

Discounting

Analysis and presentation of cost estimates
Sensitivity analysis

Cost estimation with missing data

Costing alongside censored data
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2.3 What are costs and why, as health economists are we interested in

costs?
“Costing healthcare services is imperative, as money is a limiting resource that
always will be taken into account. Studies of health care costs serve as an aid to
political and administrative decision making... ” Gyldmark(23) (1995:964).
The concept of cost used by economists provides a definition of the term ‘cost’ as
used by health economists when undertaking an economic evaluation. The
underlying concept is known as opportunity cost. This concept is the foundation
for all economic thought, and is based on two prior principles; scarcity and choice.
Scarcity exists in all types of society, however abundant the resources in society the
individuals in society will always want to consume more goods and services than
can be produced from those resources. It is therefore necessary to make a choice
among the alternative uses to which the resources could be put. It is inevitable that
opportunities to use resources in some activities will be foregone. The economists’
term for costs expressed in terms of foregone alternatives is opportunity cost.
These principles of scarcity and choice hold in the health care sector, where there
are not enough resources to meet the needs or wants of the patients/consumers.
Changing demographic patterns and expensive new technology (¢.g. hi-tech
medicine) provokes the scarcity of health care resources. Therefore choices
between alternative interventions or programmes have to be made, and they should
be measured and valued in terms of their opportunity cost.

Johannesson (1996) uses the term cost to reflect the opportunity cost in
terms of resource consequences of a treatment. The resource consequences are
defined as the effect on the consumption of goods and services of a health care

programme and the consumption of leisure(24). The estimation of costs is central
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to all economic analyses of health care technologies. In essence, costs are the
product of the quantification of the resources that are consumed and their
respective unit costs. Resource use is the general term for the resources consumed

due to a particular health care intervention and is the underlying driver of cost.
Examples of resource-use items include outpatient visits, inpatient stays, use of
particular equipment for example colonoscopy, medical personnel time. These
resource use items and therefore costs can be measured on a patient-specific
(stochastic) basis 1.e. they vary from patient to patient, or a non-patient specific
(deterministic) basis, i.e. they stay the same for each patient. Ideally, resource use

and therefore costs should be measured on a stochastic basis (as I will argue later in

this chapter) to allow a thorough statistical analysis to be undertaken.

2.4 How are costs estimated?

This section examines what influences the choice of costs to be included in a study
and describes the various types of costs that can be measured and valued. It

explores the process of identification of cost-generating events, the measurement of
these events, the process of valuing cost-generating events and issues relating to

costing such as discounting, presenting and analysing cost data.

2.4.1 Factors influencing the choice of costs for inclusion in the study.

Different factors affect the choice of costs to be included in a study. These are

discussed below.
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Perspective

The perspective or viewpoint of an economic analysis influences the choice of
costs to include (25-27). This perspective is partly dependent on the target
audience. Perspectives range from the very narrow viewpoints of the patient or
clinician, to the intermediary viewpoints of purchaser, decision-maker, health
authority, provider unit or government, to the much wider perspective of society as
a whole. The costs which a patient incurs when a treatment decision is made - such
as transport costs to attend a clinic, lost earnings or child-care costs - are very
different from those incurred by the National Health Service (NHS). Similarly
only the societal perspective takes account of any costs associated with production
loss. The societal approach relies on the collection and valuation of all costs,
regardless of who incurs them. The societal approach has been recommended as
the standard perspective for costing, as it allows the analysis to be carried out on a
number of viewpoints (28-30).

For economic studies of dementia the choice of perspective is particularly
important. For example, a policy of home support for people with dementia may
reduce hospital costs (NHS) and institutional care costs (social services and
patients) but increase the burden of informal care provided by relatives. This
process of cost-shifting may transfer costs from one sector/budget to another, but
may not reduce the total cost to society as a whole. Therefore when evaluating
these types of programmes, care has to be taken to take a broad societal perspective

which includes the costs incurred by non-health care sectors such as social services

and unpaid caregivers.
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Quantitative importance

Some authors have argued that the decision regarding which costs to include in the
analysis will depend on their respective quantitative importance, in other words
their impact on the total cost and cost-effectiveness result. Some studies have
therefore omitted certain cost-generating events arguing that they have little impact
on the final result. This is frequently seen in trials where common resource use
exists between two arms of a clinical trial. These cost-generating events are
excluded from the analysis with the justification that they will have no effect on the
final decision making process. Schulman and colleagues (1996) decided to omit the
collection of information on blood tests from their study, previous data had shown
that even though they were frequently performed they were also of significantly
low cost so as to only amount to 1.8% of the total cost(31). However, disregarding
cost-generating events on the basis of insignificant quantitative importance or
commonality between trial arms may lead to a biased decision-making process.
This is because comparisons of cost and cost-effectiveness with other disparate
health care technologies may well have to be made outside the initial comparison.
Moreover, it is difficult to predict ex-ante which cost-generating events will have a

significant impact on the total cost calculation.

Time horizon

The time horizon is defined as the period of time for which the cost-generating
events are identified and measured. It is determined by the nature of the study; if
prospective and alongside a trial it may be for the length of the trial, if retrospective

it will be dependent on whether databases or medical records still exist (32). It

may also be dependent on the period of time for which the decision-maker has an
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interest. In most cases the decision-makers period of interest will be longer than
the availability of the cost-generating event data. This is due to the fact that patient
resource-use often continues long after the trial or study period has been
terminated. An example of this is with breast cancer cases that may incur resource-
use for follow up and recurrences for up to twenty years following initial diagnosis.
A long-run perspective has therefore been recommended(30). This requirement for
a long-term perspective is reinforced by the fact that a disproportionate amount of
resource-use is consumed near death(33). Therefore by limiting the cost analysis to
a fixed time period bias may be introduced into any comparison of costs(34).
Although it has been recommended that the time horizon for cost analysis should
be from a long-run perspective, financial and data-availability constraints exist.
Thus rather than collecting data over a long period of time, modelling results

beyond a constrained time-horizon has been suggested(14, 15, 35, 36).

Attributable costs

Another area that may determine cost inclusion or exclusion is whether the cost can
be defined as being attributable to the intervention or disease being analysed. Of
course, it is not easy to specify whether the costs are attributable or not, and can in

some instances be a rather arbitrary exercise. One method would be to collect

information on all health care resource-use, including the resources used for
treating co-morbid conditions. By including all the health care resources
consumed, any possible exclusions of unexpected disease or intervention cost-
generating events will be avoided, however it may upwardly bias the cost results by
including non-related heaith care costs. This bias could be avoided by asking a

panel of experts to decide what cost-generating events are attributable to the
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disease in question. Jonsson and Weinstein (1997) when discussing the design of
the economic evaluation for the GUSTO IIb trial stated that they opted to limit the
scope of resource use collection to those related to coronary heart disease and its
treatment, arguing that:

“...the risk is that a few patients with catastrophic episodes of unrelated resource

use (e.g. prolonged psychiatric hospitalizations) could swamp the main effect of

the intervention.” (37:51).

Feasibility

Although it has been argued that the ease of measurement should not influence
what costs should be included(30), the final and probably the most powerful factor
determining the choice of which costs to include in practice, is feasibility. Time
and financial constraints have the greatest influence on what cost data are

collected. When data collection is prospective and alongside a trial, time

constraints can be a problem for the researchers who have been appointed the task

of filling in the resource use questionnaires. In busy outpatient wards research
nurses may not have time and subsequently forget to fill in such questionnaires.
Accessing all relevant cost-generating events may also be a time-consuming task in
cases of retrospective analysis. For direct medical resource use, hospital and GP
medical notes have to be obtained and the appropriate information abstracted. As
well as being a lengthy task, problems of missing data may arise when pages within
the medical notes or the medical notes themselves cannot be traced. It might be
thought that routinely collected databases such as cancer registries could be a cheap
and time-efficient way to obtain resource use information. However, in practice

such databases were initially constructed for other uses and invariably do not
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contain all the information required. Access to patients or low response rates can
be a problem when administering a questionnaire to assess patient costs such as
time, travel and productivity loss. The U.S. records considerable amounts of data
regarding health care costs. Medical and non-medical expenditures are included in
the National Health accounts, published by the Health Care Financing
Administration(38). Short stay hospital episodes are recorded in the National
Hospital Discharge Survey by the National Center for Health Statistics (NCHS), and
expenses per patient day can be obtained from the annual survey of the American
Hospital Association. The National Ambulatory Care Survey conducted by the
NCHS keeps records of outpatient care costs. The cost of physicians can be obtained
from the physicians’ charges documented in the American Medical Association's
annual report on physician practice(39). Unfortunately records of data regarding
medical resource use and cost in the UK are not so readily available, and even when
they are, they are usually outdated or incomplete. The feasibility and practicability
of a study therefore conflicts with the theoretical basis of cost identification,

measurement and evaluation. However, the aim should be to get the best available

data with the recognition of limitations such as time, financial and data constraints.

2.4.2 Which costs?

An overview of the types of costs to be considered for inclusion is provided below.
It is useful to consider these costs under the headings of direct health care costs,
direct non-health care costs, informal care costs, and productivity costs.

Direct health care costs

Direct health care costs are defined as the ‘organizing and operating costs within

the health care sector’(25), including the cost of diagnosis, treatment,

25



rehabilitation, therapeutic and continuing care, terminal care and prevention. They
include variable costs such as staff time, general practitioner (GP) services, drugs
and other medical supplies, and fixed costs such as medical equipment, building
use and overheads such as laundry, electricity, portering etc. They also include
number of inpatient bed days, outpatient visits, clinic visits, and general
practitioner and nurse visits.

These costs include the cost associated with an intervention, such as a
course of drugs or surgical procedure, the costs of treating any adverse events, and
the costs of complications arising from the condition, which may be reduced as a
result of that intervention.

Some economists have also argued that, where an intervention extends life

expectancy, the resulting future use of health care for any reason should also be

included. For example, Weinstein ez al. argue that,

“....if treatment results in a prolonged life because a condition has been cured or

early disease has been avoided, then the cost of treating later disease that would

not otherwise have arisen must be considered.” (40: 240)
However, other analysts have countered this(41), suggesting that,

“...if the purpose of the analysis is to determine whether the programme is a good
investment, only the costs of the preventive program should be counted. Added
years of life involve added expenditures to food, clothes and housing as well as
medical care. None... is relevant to deciding whether the program is a good
investment...” (41:35-36).

In the face of this lack of consensus, most studies at present include future related

health care costs but exclude unrelated future health care costs from their

analysis(42-44).
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Direct non-health care costs

Direct non-health care costs may include the costs of care to other agencies such as
social service departments providing day care or home helps, and the out of pocket

costs incurred by the patient, relatives and friends, for example in making home
adaptations, buying over the counter medications, or traveling to and from
hospitals or surgeries for treatment and incurring train, bus or taxi fares, petrol
costs and parking fees. Patients’ time costs are calculated as the opportunity cost of
having to take time-off work or from normal activities to attend treatment. They are
particularly important in screening programmes, where if the opportunity cost is
perceived to be too high it may deter attendance(45-48).

Informal care costs

Informal care costs consist primarily of the time provided by relatives and friends
in caring for someone whose condition impairs their independence. All evidence
indicates that the volume of time thus provided is very substantial, but for
economists the problem lies in trying to place a valuation on it. The approach
typically adopted has been to assess the opportunity costs of informal care: if
informal care was not provided in this way, what would the informal carer be doing
instead, and what care would the patient receive instead? However, this raises
some difficult issues: informal carers are often the elderly partners of elderly
patients, and it may be hard to define and measure what they would otherwise be
doing, and harder still to place a value on this; similarly, while some of the time

provided by informal carers might otherwise be provided by formal carers, it seems

unlikely that substitution could occur except at the margin.
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Productivity costs

Productivity costs of disecase may occur as a result of reduced productivity at work;
absence from work; disability, and premature mortality attributable to the disease
of interest(49). Several studies have debated the issue surrounding the
measurement of productivity costs (3-8, 50-53). Koopmanschap and colleagues,
(1995) argue that productivity costs are only relevant where the disease or
intervention brings about significant changes in productivity. They have contested
the idea that illness and absenteeism directly affects production and have put
forward the idea of friction costs. Even if patients take time off work, actual

production may not be affected because other workers can take on the patient’s

work in the short term, or because the patient makes up lost production on return to
work. In the long run, if the patient is unable to return to work, another employee
will replace them, and so the cost to society in terms of lost production is close to
zero. However, this argument is very much dependent on the perspective of the
analysis. When a patient perspective is taken, productivity loss to the patient due to
absenteeism or the inability to continue working and carrying out every day
activities may well be a cost, depending on the patient's employment conditions

and loss of earnings during sickness absence.

Others have argued that the measures used to value productivity costs are
unreliable and unrealistic and therefore productivity costs should be excluded from
the analysis. Gerard and Mooney, (1993) have proposed that, since the outcome
measures in economic evaluations are health specific, the opportunity cost of

resources should be defined in terms of health and therefore productivity costs

should be excluded(54). However, Meltzer, (1997) has argued that, if the health
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care budget has to compete with other public sector budgets to maximize utility,

future productivity and consumption costs need to be included.

Ethical reasons for excluding productivity costs from economic evaluations
are also sometimes invoked: for example, it is argued that their inclusion will mean
the allocation of resources in favour of those of productive age, biasing against the
economically inactive and elderly. However, the ethical arguments are not clear-
cut: resource allocation decisions do sometimes explicitly take into account the
productive potential of individuals, both in health care treatment decisions and in
other areas such as court settlements in personal injury cases.

Even if the debate as to whether productivity costs should be included

could be resolved, and a decision made as to how to value these productivity costs,
there remains a debate as to whether they should be treated as a cost (the numerator
in a cost-effectiveness ratio (CER)), or a health effect (the denominator of the
CER)(7, 8). Luce, Manning, Siegel and Lipscomb (1996) argue that rather than
monetizing these productivity costs and placing them in the numerator of the
equation they should be incorporated in the denominator in the form of a QALY
estimate(30). The full impact of morbidity is encapsulated in the QALY measure.
Similarly any impact on changes in life expectancy is included in the denominator of
a cost-eflectiveness ratio in the form of life years or QALY’s. If the analyst feels that
these productivity costs are important, they should present them separately. Any
inclusion of these costs in the overall cost measure may result in double counting.

An example of this form of double counting could easily have occurred in this thesis.
For example, in chapter 4, the cost of the disease process of breast cancer has been
estimated, enabling a cost-effectiveness analysis of screening for breast cancer to be

undertaken. If the productivity costs relating to breast cancer had been included in
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the numeraire of the cost-effectiveness analysis this would have resulted in a biased
result due to double counting of the morbidity and mortality costs. The impact on life

years and quality adjusted life years were included in the denominator.

2.4.3 Identification of cost-generating events

Although the literature has described the types of costs available for inclusion in
the analysis and the factors influencing which costs to include, it rarely specifies
how to identify the events that generate these costs. Detailed identification of the
costs requires knowledge of the different care pathways for the particular disease or

intervention under scrutiny. This can be obtained from a number of different

SOUrccs.

a) literature on specific diseases/illness or interventions and treatments.

b) previous studies may highlight the parameters which are the main determinants
of cost.

¢) clinicians and experts’ advice on treatment and care for particular diseases.

d) pilot studies using a small sample of medical notes where patients are known to

have the disease or have had the intervention in question.
e) trial or routinely collected databases.

f) observations of practice.

If the key cost generating events can be identified in advance, time and money will
be saved by collecting data only on these events. It will also limit any burden
placed on the patients themselves if questionnaires are required. Knapp & Beecham
(1993) and Whynes & Walker (1995) have presented two studies identifying key

cost-generating events in mental health care and cancer care respectively(11, 12).

In the study of mental health a list of 21 cost items was reduced to 5, which still
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accounted for 94% of the total cost. Whereas in the study of colorectal cancer an
initial list of 14 cost-generating items was reduced to four, which still accounted
for 95% of total cost. However it remains difficult to predict these key cost
generating events ex ante. Moreover, since the patient variation in total average
cost was wide, simply looking at a reduced list of cost generating events conceals

the important cost variation between patients(12).

2.4.4 Measuring Resource Use

When the cost-generating events have been recognised and identified they have to

be measured and quantified in some format.

Direct health care costs

Direct health care resource-use is usually measured in physical units, for example,
number of outpatient/GP/inpatient visits, number of days spent in hospital, staff
time, dosage of drugs administered, time spent in an operating theatre, length of
inpatient stay. The resource use can be measured at varying degrees of detail. This
ranges from the most basic to the most detailed form of costing described by Gold
et al., (1996) as “gross costing’ and ‘micro costing’(30). Gross costing measures
the resource use at an aggregated level then multiplying by the appropriate unit
cost. For example, the cost of an inpatient stay can be estimated by measuring the
number of inpatient days and multiplying this by the unit cost. Micro costing
involves breaking down the hospital stay into its resource components, such as
staff time, equipment used, ward space used, overheads such as electricity,
portering and laundry and multiplying these measures by their corresponding unit
costs. This requires information on staff earnings, the replacement cost of

equipment with allowance for depreciation, the replacement cost of ward space and
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hospital overhead costs provided by the finance department. It may also be
necessary to consider the time spent by nursing or medical staff with specific
patients, if the level of dependency of patients is relevant to the study.

Luce and Elixhauser (1990) illustrate the varying levels of detail that can be
involved in measuring cost-generating events pointing out that this process can be
either ‘fairly crude’ or ‘painstakingly detailed’(26). They cite two studies, one
which employed very crude methods to assess the change in health care resources
brought about by changes in use of cholesterol lowering drugs(55). The study
involved estimating the average treatment process by asking clinicians and
consulting the medical literature. The other study used a very detailed time and
motion survey to assess the resource implications of changing the methods for
administering antibiotics in secondary care(56).

Direct non-health care costs

The measurement of direct non-health care costs such as time and travel costs and
out of pocket payments made by the patient and their family/carers, is usually
achieved by administering questionnaires to patients or carers(45, 47, 48). The
study by Frew and colleagues (1999) collected information from patients attending
a screening clinic. Information supplied included modes of transport, out of pocket
expenses (fares and car-parking), time spent travelling and in the clinic, activities
forgone owing to attendance, details of companions and sociodemographic
charactenistics. Together these data were sufficient to estimate the time and travel
costs incurred by individuals attending a screening clinic for colorectal cancer.

The measurement issues relating to costs pertaining to other public sector

budgets have been explored by researchers at the PSSRU (Personal Social Services

Research Unit, University of Kent) and CEMH (Centre for the Economics of
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Mental Health), leading to the development of a questionnaire to abstract cost
information: the ‘Client Service Receipt Questionnaire’ (CSRI)(1, 57).

Informal care

In collecting information on caregivers’ time, techniques such as direct
observation, retrospective estimation and diary keeping are used. Standardised
instruments have been developed for the collection of information on the resource
usage of informal care in studies of dementia, for example, the Caregiver Activities
Time Survey (CATS)(58, 59), the Caregiver Activity Survey (CAS)(60) and the
Resource Utilization in Dementia (RUD)(61). Measurement of informal care has
been discussed in detail elsewhere(9).

Productivity costs

The measurement of the impact of illness of productivity has been well
documented(50). A questionnaire, ‘the Health and Labor Questionnaire’ (HLQ),
has been designed to collect data on the relationship between illness, treatment and

performance at work(62). The HLQ consists of four modules aimed at collecting

data on absence from work, reduced productivity, unpaid labour production and

labour related problems. It is currently available in Dutch and English.

2.4.5 Valuing Resource Use Measurement

Direct health care costs

According to economic theory, the true cost in any economic analysis is the
opportunity cost. In practice, however, this is difficult to estimate and market
prices are generally accepted as approximations to opportunity costs. The
valuation of resource-use literally means multiplying the quantity of resource use

by a unit cost. The valuation is dependent on the form of measurement, whether
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micro or gross costing, which in turn is dependent on what question is being asked,
data availability and time constraints. If the question is ‘what is the current cost to
our region of providing cancer?’ short-run average costs can be used, this cost is
the total cost of providing the programme divided by the total units produced.
However, if the question is ‘what is the cost of extending the breast cancer
screening programme to women aged 65-69?° marginal costs are required. Costing
a programme that involves a change in services requires information on marginal
costs. The marginal cost is the cost incurred by using one unit more or one unit
less of an intervention or programme. Neuhauser and Lewicki highlighted the
importance of looking at the costs at the margin. In their study on the stool guaiac
used for the screening of colonic cancer they report how the use of the average cost

may be misleading. The average cost of detecting colonic cancer by a single stool

test was found to be $1,175, if six tests were conducted on the same patient the
average cost increased to only $2,451(63). However the marginal costs for the first

and sixth test were $1,175 and $47,107,214. Other studies have shown a marked

difference in results from calculating average and marginal costs(64-66). The
terms marginal and incremental cost have often been used synonymously(67).
Johnston and Brown (2000) use the term incremental cost when comparing

different mammographic reading policies for breast cancer screening. However

this complies with the distinction that has been made by UK researchers who state

that:

“... the appropriate incremental comparisons for cost-effectiveness are sometimes
comparisons between entirely different programs and sometimes comparisons

between different levels of intensity within the same program. Only the latter fits
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the usual definition of marginal. In this way, incremental is a broader term, which
includes marginal...” (68:78-79).

However, the argument above relates to cost-effectiveness ratios, in all the
examples reported the authors have used marginal or incremental analysis of
average costs.

Micro costing involves estimating a unit cost for each level of resource use
measured, for example, unit costs are required for staff time, capital (equipment
and land), consumables (radiography film, chest drains, drugs, etc.), overheads etc.
If resource use has been measured using the gross costing approach, then the unit
cost (per diem cost) will include all capital, overhead and staff costs(69, 70). In
practice, unit costs are obtained from a variety of sources. They can be estimated
in every minute detail by collecting the following data and information.

a) staff time and salaries available from personnel departments or pay review

bodies(71, 72).

b) equipment and its useful lifetime, replacement costs and maintenance costs

(from the supplier or hospital finance department).

c¢) land, buildings, theatre and ward space from the finance department (see
appendix 2.1 for details on costing capital)

d) overheads for example, portering, general administration, electricity, cleaning,

catering and laundry by assessing time, salaries, and actual market cost

(hospital finance and accounts departments).
For the more aggregated costing methods, costs used in previously published
studies, or more formalized published cost information (for example, PSSRU

estimated unit costs(73). Unit costs for drugs can be proxied using the price quoted

in the British National Formulary (BNF) and Monthly Index of Medical
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Specialities (MIMS)(74, 75). The personnel, accounts and finance departments of

hospitals can also offer a source of unit cost data.

‘Costing for contracts’ and ‘reference costs’

Since 1994, Hospital Trusts in England and Wales have been required to undertake
a programme of costing activity(76). This came about due to government
recognition that a lack of valid and comparable cost data in the NHS was hindering
the contracting process in the internal market. They set up a National Steering
Group on costing standards by the National Health Service Management
Executive. This Group argued that costs should be analysed on a defined
standardized sub-speciality level; the healthcare resource group (HRG), and that
they should include all fixed, semi-fixed and variable costs. The timetable for
implementation required all acute providers to cost HRGs in at least one of three
specialities (gynaecology, ophthalmology and orthopaedics) for the financial year
1994-95. The idea was to then expand this programme so that HRGs across all

specialities would be costed by 1997-98 and beyond(77). Up to 1997 only two
regions (Northern and Yorkshire and North West) made their cost data from all

their trusts publicly available.

Costing for contracts was superseded by the introduction of NHS Reference
Costs. This idea was heralded in the White Paper, ‘The New NHS: Modern
Dependable’(78) with the intention that they will provide information on the
efficiency of the hospital sector. The costing process is analogous to that outlined
in Costing for Contracts with costs according to HRGs, with the key difference

being that all costs will be accessible to the public through the annual publication

of the National Schedule of Reference Costs(79). The following quote illustrates

the policy:
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“The Government will develop a national schedule of ‘reference costs’ which will
itemise what individual treatments across the NHS cost. By requiring NHS Trusts
to publish and benchmark their own costs on the same basis, the new
arrangements will give Health Authorities, Primary Care Groups and the NHS
Executive a strong lever with which to tackle inefficiency.” (79:19)

November 1998 saw the first schedule of reference costs for 1997/1998 published
and provided on the internet: (http://www.doh.gov.nhsexec/refcosts.htm). Detailed
information was provided on 536 surgical procedures covering almost 5 million
episodes of care across all 249 Trusts. This first publication only covered surgical
activity, but the plan is to extend the focus to capture all NHS activity.

Reference costs have been criticised over a number of issues(80, 81). There
are problems with the use of finished consultant episodes (FCEs) for specifying
HRGs as they have inconsistent definitions across hospital Trusts. For example
one Trust may count a transfer from surgery and a surgical ward to a medical ward
for continuation of stay and observation as two separate FCEs while another
hospital may count this as one FCE. Another problem is that atypical episodes
(those where length of stay was above the maximum normally expected for the
HRG) have been deleted for the purpose of comparison across Trusts as an
indicator of efficiency. This process is known as trimming, and for the 1997/98
National Reference Cost Index excluded 13 per cent of total surgery costs. A final
problem of specific note to health economists who use the data for their own

costing purposes is that the costs are reported in terms of short-run average costs

rather than marginal costs.
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Direct non-health care costs

For direct non-health care costs such as patient travel, the measurement is in miles
travelled and this can be equated with the Automobile Association mileage rate if
private transport was used, along with the charges for car parking at the hospital. If

bus, taxi or train were used the actual market price i.e. the fare can be used to value

the travel cost(45, 47, 48).

Informal care costs

Two techniques have been used for valuing caregivers’ time. The first is the
opportunity cost approach which estimates the opportunity cost of foregone
activities using the market wage rate as a proxy value for work time and leisure
time foregone. The second approach is the replacement cost approach, which uses

an imputed value for unpaid caregiver of the national wage for similar care

provided in the market place.

Productivity costs

The most influential and widely debated approach for calculating benefits of

improvements in health care in the form of increased production, is the human
capital approach(82-84). The focus of the human capital approach is on the
economic consequences of the disease and is embedded in the theory of marginal
productivity, with the assumption that earnings reflect productivity. In practice, if
productivity costs are included at all, the typical approach would be to attach an

average earnings figure to the estimated time lost.

2.4.6 Data collection

The major determinant as to whether cost-generating events can be measured and

valued is whether the data are available. Data collection can either be patient-
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specific or non-patient specific, and can be collected prospectively (collected when
the event occurs) or retrospectively (collected after the event has occurred).

However other important areas related to data collection need to be ascertained

before any data collection can take place.

Sampling and sample size

It may not be necessary to collect data from all the patients with the disease or
those undergoing the intervention in question. Resource use data can be collected
using a random sub-sample of patients. However, care has to be taken to weigh up
the pros and cons of sampling. On the ‘pro’ side it reduces the time and financial
burden on the researcher and does not overburden patients with data collection. On

the ‘con’ side, the results might be sensitive to the chosen sample, and it is
necessary to assess the bias in the results from a smaller sample, thus sample size
determination is an important consideration. However, calculations of sample size
based on detecting an economic difference e.g. cost or outcomes are not common,

as most studies base their sample sizes on detection of differences in clinical
outcome(85). However it has been suggested that consideration of the ability to
detect economic differences should be made, this involves specifying the minimum
difference in resource use, cost or cost-effectiveness which is considered
quantitatively important(86, 87). Drummond and O’Brien (1993) and Torgerson e/
al. (1995) argue that there is no consensus on defining the difference(87, 88).
There is also a problem in estimating the sample size required for cost-
effectiveness analysis in that there are two outcomes of interest, cost and economic

outcomes. Briggs and Gray (1998) have derived a sample size formula for cost-

effectiveness analysis based on a combination of the confidence intervals around
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the costs and effects(89). The power calculation is dependent on some knowledge
of the distribution, dispersion and variability of the data(86, 90). Cost or resource
use data from previous studies or pilot studies can be used to estimate the sample

size required(91). However, pilot studies are somewhat limited in terms of follow-
up and the results tend not to be as variable as those reported in the final studies.
Gray et al. (1997) found that the sample size required to detect a meaningful
difterence in cost was much larger than the sample size needed to detect a
meaningful difference in clinical effect, and that in many published evaluations of
community care, the trials were under powered to detect these cost differences(92).
One reason why sample size calculations for economic data are rarely performed is
that data on likely cost difference, distribution and variability is difficult to predict
ex ante. Another related problem has been the lack of reporting of the variance and
distribution of cost data. Briggs and Gray (1999) reported that out of a search of
492 cost-eftectiveness and —utility studies only 53 were based on patient-specific

cost data, and out of these only 25 studies reported any measure of variance(93).

Data collection centres

The resource use and unit cost data can be either collected from a single centre (e.g.

hospital, GP practice, finance department) or a number of centres. The multi-

centre approach adds to the generalisability of the study. It has been argued
however, that where detailed resource use data collection has taken place,
calculations of unit costs for each centre may not be necessary(94), moreover the
use of centre-specific unit cost data may well mask the variations in resource-use.
However, 1t might be illuminating to see whether and how much unit costs vary

from centre to centre. Drummond ef al. (1992) argued that centre-specific unit cost
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data should be used in cases where unit costs are a function of resource use at
individual centres(95). Empirical research into the decision of whether to collect
both centre-specific resource use and unit cost data has been undertaken by Raikou
and colleagues (2000). They show that the different methods result in statistically

different estimates of average treatment costs, however they give no indication as

to what 1s the correct method(96).

Choice of data collection tool

The choice of data collection tool is dependent on whether resource use
information is being collected retrospectively or prospectively and the type of
resource use information being obtained. Although any of the tools described
below can be used alongside retrospective or prospective study designs, response
rate, completeness and recall of data may be an issue. One has to trade-off
collecting resource use information when the event occurs, and perhaps
overloading the researcher and patient with questionnaires/diaries to fill in, with
collecting resource use information after the event, and perhaps reducing the

response rate, completeness and recall of events.

Interviews, questionnaires and diaries

Interviews, questionnaires and patient diaries are three ways of eliciting patient-
specific resource use information directly from the patients. Interviews can be
carried out on a face-to-face basis or over the telephone(97, 98). Questionnaires
can be administered by post or handed out at the time of hospital or GP visit. They
can be designed specifically to fit the study criteria, as with two studies by
Sculpher and colleagues (1996) who used postal questionnaires to assess the

resource use of women with treatment for menorrhagia(99, 100), alternatively, they
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can be a standardised instrument, for example the CSRI (Client Service Receipt
Instrument) designed to collect retrospective information on health and social
service resource use(57), or the resource utilisation survey (RUS) developed by
Copley-Merriman and colleagues for prospective use alongside trials(101). Diaries
can be given to patients to record all resource utilisation. Diaries recorded the
resource use incurred by parents of very low birth weight infants(102), the resource
use related to elective total hip arthroplasty(103), low back pain(104) and cochlear
implants(103). Case record forms (CRFs) are a type of questionnaire used in
clinical trials to collect trial data. Medical personnel and/or the patients are asked
to complete them. For the purpose of economic evaluations alongside clinical
trials CRFs may be adapted to capture resource utilisation(106-108).
Questionnaires completed at the time of the patient’s appointment is a cheap
method of gaining resource use information, it also results in high response rates,
compared with other techniques. Postal questionnaires are also a cheap method
compared with interviews, but suffer from poor response rates. Both
questionnaires and interviews suffer from recall bias if administered
retrospectively, whereas patient diaries aim to overcome this bias by allowing all
resource use to be noted down at the time of utilisation. Problems may arise if
diaries are used over a long period of time; patient motivation for filling in the
diaries is likely to decline over time, leading to the potential for missing data.
Related to this aspect is the timing and frequency of the collection of resource use

information. This is discussed in a separate section below.

Questionnaires can also be used to assess non-patient specific resource use

information. They have been used to collect relevant information on equipment,

instrumentation, consumables and staff (109).
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Medical notes

All of the above examples of collecting patient specific data can be time
consuming for the patient, especially if the disease being looked at is a chronic
illness which incurs costs over a prolonged period of time, or involves phases of
acute illness. It might also be the case that the study being conducted is of a
retrospective nature and the sample of patients being analysed have already died.
Thus medical notes, GP records and lab records may well prove to be a better (or
only) source of data. For example Richards and colleagues (1993) used the
medical notes of 50 patients diagnosed with advanced breast cancer to estimate the
related costs(110) and Whynes et al, (1993) used the medical notes of colorectal
cancer patients in order to cost their hospital treatment(111). However, medical
records suffer their own limitations; records might be missing, stored elsewhere
and difficult to access or destroyed (32), and when traceable they may be
incomplete. More recently, the issue of obtaining patients’ consent to access their
medical notes has arisen(112). Accessing and abstracting data from medical notes
can also be an extremely costly and time-consuming operation.

Databases

Databases provide an inexpensive and less time-consuming alternative for
estimation of resource use but this may be at the expense of accuracy. There are
two types of databases, administrative databases such as insurance claims or
clinic/hospital databases that offer the opportunity to access patient-specific data
and existing databases (e.g. cancer registry database) may be used to derive non-
patient-specific data. Examples of use of these types of databases include studies

by Lave et al, (1994) who discuss the strengths and weaknesses of Medicare

databases for estimating costs(113) and Clermont and colleagues (1998) who
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explored the feasibility of generating resource use data for ICU based on the
Therapeutic Intervention Scoring System (TISS) from a database of hospital
electronic billing data(114). Penberthy et al, (1999) used a combination of
databases; they linked tumor registry data with Medicare administrative claims to
determine the costs of care for breast, colorectal, lung and prostate cancers during
the initial year subsequent to diagnosis(115). Databases, although advantageous in
terms of large sample sizes, are limited in terms of missing data. In most cases they
have originally been designed for another purpose and may not contain all the
relevant data. In some cases misclassification of data can occur, for example,
diagnosis, treatments undertaken etc. Another problem with databases is that some
form of data abstraction has to be undertaken, this requires interpretation of the
data by the coder, who requires training for that purpose.

Expert opinion

Information on resource use need not be patient specific, although this is argued to
be the favoured technique. Estimates of resource use are sometimes obtained from
a number of experts in the particular field of interest or Delphi panel. Expert
panels are advantageous in terms of expense and time, as they offer a quick and
inexpensive way of estimating resource use. However they may be limited in terms
of accuracy, and can only provide deterministic data, which limits its use in the
statistical analysis of costs and cost-effectiveness. A US study used clinician
interviews using a Delphi technique validated by patient medical notes to ascertain
the medical resource utilization when exploring the cost-effectiveness of paclitaxel

(Taxol) + cisplatin compared to teniposide + cisplatin in advanced non-small cell

lung cancer(116).



Observation

Observational techniques such as time and motion studies also provide non-patient
specific (deterministic) data. This method of data collection offers a way of
measuring staff workload, casemix, patient time spent, resource-use etc. and is
therefore very useful when estimating unit costs in a micro costing study. Walker
and colleagues (1991) used this observational technique when estimating the
resource use and costs involved in various diagnostic procedures for colorectal
cancer(117).

Piloting

Once decisions have been made about the sample size and sampling frame
required, what data is required, where the data collection is to be carried out and
what format this will take, the data collection methods need to be piloted. This
represents an important step in the design of the study. It allows for the training of

the data collectors and assessment of the acceptability and accuracy of the data

collection tool chosen.

2.5  Analysis of Cost Data

2.5.1 Estimating total cost

Once the resource use and unit cost data have been collected the observed counts of
separate categories of resources can be weighted by unit cost information and
summed to provide an estimate of per patient total cost. The costs for each cost-
generating event can be summed across the total time period of the study to provide
total cost per patient. If the cost data is presented as average cost of detection or

average lifetime cost or average cost by stage at diagnosis or average cost per
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Intervention it makes cost comparisons more understandable. This average total
cost estimate 1s calculated by dividing the total cost by the relevant number of
patients. These costs may be presented as life-time costs, annual costs, monthly
costs, weekly costs or daily costs. The time period for which the costs are
calculated depends on the time frame of the study or the duration of the trial.

Cumulative costs can also be calculated for the given period of follow up.

However, before these costs can be estimated, certain procedures need to be

undertaken.

2.5.2 Adjusting costs for a base year
Costs are usually measured in the base year, for example, the year of disease

diagnosis or the year of initial treatment. Therefore, if the unit costs being used

relate to another price year they need to be adjusted for the effects of inflation
using the Hospital and Community Health Services Pay and Price Index (HCHS
pay and price index)(118).

2.5.3 Discounting

Discounting of costs is also required for converting future costs into present values
thus allowing for differential timing of costs. The discount rate or factor used to
convert a future stream of monetary amounts into its present value, accounts for time
preference and opportunity cost. For example if an individual is indifferent between
£1 today and £1.10 in a year’s time, the implied annual rate of time preference is
10%. This is equivalent to using a discount rate of 0.1. Discounting is achieved by
attaching smaller weights to future events. These weights are equal to (1 +1)",
where r = the discount rate and t is the year in which the event occurs. The

question is what this rate of discount should be.
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If there were perfect markets, the private and public rates of return on
investments, and the individual and social rates of time preference would all be
equal, and a single discount rate would exist. However markets are imperfect,
therefore the discount rate can be equivalent to either the social rate of time
preference, or the social opportunity cost. Both have inherent problems.

Hence Drummond and colleagues (1987:52) suggest a criteria for selecting a ‘central

r'(25)

1. Be consistent with economic theory (2% to 10%).

2. Include any government recommended rates (5%, 6%, 10%).

3. Include rates that have been used in other published studies to which you might
wish to compare results.

4. Be consistent with 'current practice' (for example, 5 % has been used recently in
papers published in the New England Journal of Medicine).

In practice different rates have been applied, but are generally between 3% and 6%

(119-124)

2.6  Analysis and reporting resource use data

Ideally resource-use and cost information should be reported separately(125). There
are a number of ways for analysing and reporting utilisation data. One can present
the percentage of patients with contacts, for example 45% of the patients received a
chest x-ray, however for some patients there may be several contacts or provision of
the same procedure so this may ignore valuable information. Another method 1s to
present resource utilisation measured as counts or frequencies of whether a service is
provided to a patient, for example the number of x-rays. Finally, both methods can be

used, for example 45% of the patients received an x-ray with a mean utilisation rate
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of 3 x-rays per patient. Use of count data allows the distribution of counts to be

compared.

2.7  Reporting cost data

The reporting of cost data is dependent on its method of collection. If non-patient-
specific (deterministic) data have been collected costs are usually presented in
terms of total cost and a point estimate of the mean cost. However if patient-
specific data have been collected cost data should be reported in the form of total
cost and average cost with some indication of the variance (for example standard
deviation and 95% confidence intervals) and distribution of the costs. Estimation
of the mean (average) cost is important for decision makers who require this
information to assess the total budget required to provide a particular treatment or
intervention. An estimate of this total budget (cost) is estimated by multiplying the
arithmetic mean (average) cost of providing the intervention by the total number of
patients requiring the intervention. Another important area in the analysis of health
care costs is the comparison of the cost of different interventions. It is natural to
explore whether the average per patient cost of one specified group differs from the
average per patient cost of another group, for example whether costs of treatment
differ between early stage and late stage breast cancer patients. Statistical tests
such as t tests and one-way analysis of variance (ANOVA) are used to explore
significant cost differences. It is impossible to determine this difference solely on
point estimates of the mean difference, information on the variance of the cost data
and its distribution is also required. A study by Briggs and Gray (1999) found that

out of a total of 492 cost-effectiveness and cost-utility studies (published up to
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1996), only 11% (53) were being conducted on a patient-specific basis, and out of
these only 25 studies presented any information on cost variance(93).

2.7.1 Distribution and functional form of cost data

A problem encountered when analysing cost data is its distribution. This problem
arises when statistical analysis of the cost data is required. In most cost data sets
there exist a relatively small number of high cost patients that result in a positively
skewed distribution. The implication of this skewed data is that the ability to
detect significant differences between different groups is reduced; parametric tests
are based on the distribution of data being normal. Therefore, according to
standard statistical textbooks, unless the data are transformed these parametric tests
should not be used and be replaced by non-parametric tests. However, it has been

argued that as the sample size increases, parametric tests may be useful as the

distribution is likely to reach normality(126).

There are inherent problems with using the three textbook methods of
overcoming the problem of skewed data, use of the median, transformation and the

use of non-parametric tests, when analysing cost data.

The median rather than the mean is sometimes used in the presence of
skewed data. However, it is inappropriate to use this measure when dealing with
statistical analysis of cost data. As health economists, we are interested in average
and total cost estimates. The use of the median gives us neither estimate, when
data is positively skewed the median is lower than the mean estimate, thus when
this median is multiplied by total number of patients treated, the estimated result
will differ from the true total cost for that group. Furthermore, estimating the

measures of variance around the median can prove difficult.
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Transformation, by taking the logarithm, natural log, square root, reciprocal
or some other function, 1s an alternative method for handling skewed data. Briggs
and Gray (1998) have shown that back-transformation of the log transformed costs
can be made. They argue, however, that interpretation remains problematic due to
the inability to back-transform to the original scale(19). In multivariate analysis of
cost data this can be overcome by re-transforming using the process (known as the
smearing estimator) outlined by a US statistician(127). However, the problem still
remains that any form of re-transformation results in the analysis of geometric
rather than arithmetic means. Geometric means are not appropriate summary
statistics for economic analyses (as with the case of median measures). Two UK
statisticians working with cost data(128), in response to the paper by Briggs and
Gray (1998), have argued against the analysis of any form of transformed cost data,
stating that:

“Analyses of costs should be based on untransformed data; any ‘increased power’
obtained by transforming the data is illusory as it is at the expense of addressing
the wrong question” (128:255).

Non-parametric tests such as the Mann Whitney U test and the Wilcoxon
sum rank test are used in situations where the assumptions required for parametric
analysis of data are violated. However, these non-parametric tests address
differences in the ranks of the raw data and report the medians (already shown
above to be inappropriate). Coyle and Drummond (1996) have argued that since
the objective of most statistical analysis of cost data is to compare means, non-
parametric data based on medians may not be appropriate(94). Briggs and Gray

(1998) have gone further, and argued that non-parametric tests do not address
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inferences around arithmetic means, rather they compare the whole distribution of
costs between groups.

Zhou and colleagues (1997) provide an alternative method of analysis for
skewed cost data. They propose a Z-score method designed to adjust for skewness
and compare means of log-normally distributed cost data(17).

One non-parametric method that has been proposed as an alternative
method for the analysis of skewed cost data is bootstrapping(19, 129).
Bootstrapping makes no assumptions about the distribution of the data, instead it
employs the original data in a re-sampling exercise to empirically estimate the
entire sampling distribution for the statistic of interest (in the case of cost the mean
cost estimate). With bootstrapping the observed sample is treated as an empirical
distribution and from this a random sample is taken from that distribution and the
statistic of interest is calculated. This procedure is then repeated i.c. a re-sampling
procedure is conducted. Random values are selected from the original sample (size
n) with replace:mentz"I to yield a bootstrap sample of size n and the statistic of
interest is calculated. A bootstrap sample may include the costs for some patients

more than once, while excluding the costs for other patients. The process is

repeated many times (by convention at least 1000 times). This gives a vector of

bootstrap estimates of the statistic of interest, which is an empirical estimate of the

sampling distribution of the statistic of interest.

21 replacement means once a random value has been used for the bootstrap resample it is put back

into the original sample so the same value can appear more than once in a bootstrap sample.
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Because we are sampling with replacement, there will be variation between the

samples. (N.B. sampling without replacement would simply yield the original

sample and there would be no variation).

Although, limited work has been done on the appropriate way to handle the
analysis of cost data given its skewed distribution (16-22, 92), no consensus has
been reached as to the appropriate method. This issue of distribution of cost data is

explored in more depth in Chapter 7, where I also look at issues of functional form

and cost prediction.

2.7.2 Uncertainty of resuits

Once the cost analysis has been performed, it is important to recognise that the
results are subject to uncertainties in the baseline parameters used. Uncertainty
may arise from a number of sources; data inputs e.g. resource use data, unit cost
data, methods used e.g. the discount rate, and assumptions made e.g. if the results
are based on modelling or have been extrapolated. The certainty/uncertainty of the
results needs to be quantified so that the researcher and subsequent users of the
results know how much confidence to place on the results. There are two ways for
analysing uncertainty relating to cost data, statistical analysis and sensitivity
analysis.

Statistical analysis

The increased collection of patient-specific cost data has meant the ability to test
for uncertainty using statistical tests to detect differences in mean costs and the
presentation of measures of variability such as standard deviation and standard

error. The methodology and its associated problems have already been discussed

in section 2.6.1.
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Sensitivity analysis
In practice, many economic evaluations do not use patient specific data, instead
using data from a number of sources (literature reviews, clinical judgment), where
statistical methods cannot be used. Even in studies where statistical analysis has
been performed, an examination of the extent of uncertainty in certain point
estimates (e.g. discount rate or unit cost data) should be undertaken. This is done
by a process known as sensitivity analysis and involves the systematic investigation
of how changes in the uncertain parameters affect the overall results(130).
Sensitivity analysis tends to be a subjective process, with the investigator
deciding on which parameters may have an effect on the final results and selecting
the level of variation required. The ranges across which to vary parameters is
usually given as the highest and lowest ranges possible, or plus and minus 1 or 2
standard deviations, or use of 95% confidence intervals. The ranges and the
amount of change incurred in baseline results should be specified. Briggs ef al.
(1994) have specified four types of sensitivity analysis, simple, threshold, analysis
of extremes and probabilistic sensitivity analysis. Simple sensitivity analysis can
be univariate or multivariate. Simple univariate sensitivity analysis requires one
parameter to be changed to see what impact this has on the final result. However,
it has been argued to be an incomplete estimate of the uncertainty as it takes no
account of the interaction effects brought about by simultaneously changing several
parameters. This is the case of a simple multivariate sensitivity analysis.
Threshold analysis identifies the critical value of the parameters above or below
which the results of the study will change. Sensitivity analysis can also be carried
out using the analysis of extremes approach, whereby a base case analysis is

generated and then a further analyses is performed looking at extreme estimates.
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Probabilistic sensitivity analysis uses Monte-Carlo analysis to simulate the
distribution of the data. The issues surrounding handling uncertainty in economic
evaluations have recently been reviewed by Briggs and Gray, (1999). They discuss

in detail the different types of uncertainty arising in economic evaluations and the

distinct forms of sensitivity analyses that can be undertaken to account for this

uncertainty(93).

2.8  Other issues pertaining to the analysis of cost data
2.8.1 Missing and censored data

Missing data is an inherent problem common to the majority of economic studies.
Data can be missing for a number of reasons; patients may not return or complete
data collection instruments, or it may arise due to loss to follow up where a patient
drops out of a trial or information in the medical notes is no longer recorded.
Missing data may therefore have implications for the analysis of the cost data and
requires some decision to be made as to how to handle it. Non random approaches
to handling missing data exist, one approach is to ignore it (available case
analysis), another is to delete the cases where any data is missing and base the
analysis on the cases with complete data (complete case analysis). An alternative
method is to replace the missing data with imputed values. The imputed values
may be the mean values of the non-missing data (mean imputation). Replacement
by imputation may in fact be biased and reduce the true variability of the data(94).
Conditional mean imputation can get around this problem of reduced variability, by
conditioning the mean values to be imputed on certain observed characteristics

such as age, gender, stage of disease. Moreover, data (especially trial data) are
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seldom missing at random, and Crawford et al. (1995) suggest that regression
Imputation provides an easily implemented method of adjustment for non-random
non-response(131). A review of these methods can be found elsewhere(132).
Where data are missing due to loss to follow up/attrition i.e. right censored,
several approaches have been suggested to account for this when estimating the
mean total cost. One approach is to assign zero costs for the censored period,
Rutten van Molken ez al. (1994) have argued that this may underestimate the costs
and suggest carrying forward the mean costs of all observations for patients with
limited follow up(35). They argue that this is appropriate because the high level of
resource-use at time of censoring would have been sustained or may have even
increased. Fenn et al. (1996) have adopted techniques of survival analysis to
extrapolate treatment costs beyond the end of the trial(14). Lin et al. (1997) (15)
have suggested partitioning the survival curve into intervals and estimating the
costs for each interval. This issue of missing data is discussed in more detail in

chapter 9 with examples using the Trent cancer cost data.

2.9 Discussion

This chapter has documented the methods, recommendations and issues related to
costing. From this review it is noticeable that some of the methods presented are
current accepted conventions®* and undertaken by all health economists, while

other methods are debatable with no consensus on the correct technique to be used,

22 While economists by their nature are always likely to disagree, there are methods and issues
where general consensus has been reached.
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and finally, there are new emerging methods and techniques that require more

empirical research.

1.

Areas of current accepted conventions in costing:

Measurement and valuation of direct health care costs.
Measurement and valuation of direct non-health care costs.
Measurement of informal care.

Use of pilot questionnaires.

Choice of time horizon,; this should cover the period in which all the main

cost-generating events are incurred.

Requirements for reporting the results; average cost, with an indication of
the variance of the cost, an estimate of the total cost of implementing the

intervention. Where comparisons are made a statement of the statistical test

used and results of the test.

Statement of any adjustments used in base year prices and how they were

adjusted.

Statement of the currency in which the costs are reported.

Use of discounting.

Use of sensitivity analysis to assess areas of uncertainty in cost results.

Current unresolved/debatable issues

The choice of perspective. Most of the existing economic evaluation
guidelines argue that a societal perspective should be used for all analyses,
while others have argued that the choice should be dependent on the target

audience or the funding body who commissioned the study. For example
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the National Institute for Clinical Excellence (NICE) has taken the
perspective of the NHS or Social Services for its evaluations.

The choice of data collection tool; in some respects the choice is
determined by the type of study being conducted, whether it is prospective
and alongside a trial or prospective and naturalistic or retrospective.
However more research is required on the validity and reliability of the
current data collection tools used, and it would be useful to be able to have
more direct comparisons between instruments.

The valuation of informal care costs, whether the opportunity cost or

replacement cost approach should be used.

Whether productivity costs should be included in the total cost estimate.
This debate is dependent on the reason for costing, if it is to estimate the
total burden of a particular disease, it is useful to include the cost due to lost
productivity arising from the morbidity or mortality caused by the disease.
However, 1f the costing process is being undertaken as part of an economic
evaluation, whether to include indirect costs as part of the cost estimate

(numerator of the CER) or the benefit estimate (denominator of the CER) is

undecided.

If it is decided that productivity costs should be included in the total cost
estimate, there remains a debate as how to measure and value these costs.
In general, lost productivity is valued using the human capital approach,
whereby an average earnings figure is attached to the amount of productive

time lost due to the disease or illness. However, it is the measurement of

this time that has been the undetermined issue.
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The inclusion or exclusion of future related and unrelated costs. Although
an old topic of debate, it has been resurrected recently by Meltzer (1997)
and Garber and Phelps (1997) (consensus on this issue is yet to be reached).
What rate of discount should be used? This has been widely debated, and
varies according to which country the analysis was undertaken. However,
the UK tends to use the rate of 6% for costs reflecting current advice from
the Treasury to the whole of the public sector.

Type of sensitivity analysis; the type of sensitivity analysis undertaken by
the researcher is largely dependent on the data collected, of all the types it
has been argued that probabilistic sensitivity analysis provides the most

useful information for the decision maker.

Areas of emerging methodological techniques, where further empirical

research is required.

Choice of data collection centres. As increasing numbers of economic
evaluations are conducted alongside multi-centre clinical trials, a debate has
emerged as to what is the appropriate method for collecting resource use
and unit cost data. The question is whether to collect centre specific
resource use and centre-specific unit cost data or to use average unit cost
data and attach this to centre specific resource use data. It is surprising to
find that only one study has looked at this question empirically, and this is
limited in that it uses simulated clinical trial data(96).

Ways of controlling for skewed cost data. Over the past four years there

has been an emergence of published research looking at how to analyse

costs in the presence of positively skewed data. The choice is between
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transforming the data so as to normalise the distribution, use non-
parametric hypothesis tests such as the Mann-Witney, use bootstrapping,
leave the data untransformed and undertake parametric hypothesis tests.

e Missing and censored data. In the past cost analysis has been performed
with no account taken of any data that may have been missing. It is only in
the past five years that health economists have been alerted to the problems
connected with missing or censored data. Further research is required to
understand the changes in results when using the different methods

proposed to take account of missing or censored resource-use/cost data.

This chapter has introduced the concept of economic costing as used by health
economists. The purpose was to review the literature on methods, issues and
guidelines related to costing, with the aim of informing the methods and techniques
to be used in this thesis**. In reviewing the literature four questions were
addressed, 1) What are costs? 2) Why are we interested in costs? 3) How are costs
estimated? and 4) How should costs be analysed? This chapter therefore presents a
descriptive outline of how the process of costing ought to be undertaken and how
the issues related to costing be handled. The process of costing is a complex task,
and rarely is it possible for the analyst to incorporate all relevant costs or to
estimate the true opportunity cost of the resources used. In practice a trade-off

must be made between the time and expense in collecting resource use information

23 1t should be noted that this review was initially undertaken in October-December 1994, and

therefore a very limited set of the literature used in this chapter (published pre-1995) was used to
inform the initial methods for this thesis.
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and estimating costs and the integrity of the study. All studies are constrained by
time and finance. The next chapter (chapter 3) explores the issue of the

transferability of these costing guidelines into practice.
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Appendix 2.1 Capital Costing

Capital costs, for example, land, buildings and equipment are incurred at a single
point in time, usually at the start of a programme. However, they are used over time
and despite the initial outlay the opportunity costs are spread over time. Thus capital
costs consist of two elements; the opportunity cost i.e. the foregone opportunity by

investing the sum of money in that particular asset, and the depreciation factor (over
time the value of the asset depreciates”*').

There are two ways of dealing with capital costs:

If the market rate exists for the rental of buildings or the lease of equipment, these
can be used to estimate the capital cost. The most widely used method advocated by
Richardson and Gafni (1983) and Drummond et al. (1994) (25, 133) incorporates
both the depreciation and opportunity cost aspects. This involves annuitizing the
initial capital outlay over the useful life-span of the asset, i.e. estimating the
equivalent annual cost. This still requires knowledge of the initial value of the
resources and the appropriate rate of interest.

Below is the relevant equation for annuitizing an asset over its expected useful life-
span. If the initial capital outlay is C;, one needs to find the annual sum A, which
over a period of Y years (life of asset), at an interest rate R, will be equivalent to C;:

A=§i[)f

P, n=]

(1+ R)"]_]

Where:
C; = Capital spent in year i
P; = Price index for that year relative to the current year
R = Constant discount rate

Y = Expected years of use of the item

This equation may have to be altered for the age of the equipment as there is
variation between new and old equipment. The method for the annuitization of
new equipment is straight forward, the value is taken to be the initial capital outlay
annuitized over its useful life span. However with old equipment, one can either
use the replacement cost and discount over its full life, or use the current market

value of the old machine and its remaining life. The former is considered to be
more generalizable and therefore more reliable (25).

A2l The cost of land is equivalent only to its opportunity cost, there is no depreciation factor.
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Chapter 3

Estimating Costs In Practice

3.1 Introduction

In the review of methods, 1ssues and guidelines for cost estimation in the previous
chapter, there was a mixture of literature on guidelines and methods for costing for the
purpose of cost of iliness studies and economic evaluations. Also included in the
review were ‘one-off’ guidelines for specialised areas of cost estimation and analysis,
for example, sensitivity analysis(1, 2), how to deal with skewed cost data in analysis(3,
4), and censored cost data(5, 6) etc. These published guidelines for cost estimation
(the majority of which were found in texts or published papers on guidelines to
economic evaluations) provide advice on how in principle cost estimation should be
carried out. Economic principles (outlined in chapter 1) coupled with the requirement
for transparency and transferability have shaped these guidelines. The aim of this

chapter is to clarify three questions:

1. to gauge the number and nature of studies that have estimated costs with respect to

the disease cancer;

2. to examine how the methods and principles of cost estimation explored in chapter

2, transfer into practice;

3. to highlight the methods used and problems that may arise in the estimation and

analysis of costs of cancer.
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In order to respond to these questions a literature review of costing and cost estimation
with specific reference to the disease, cancer, was performed. The literature search
was conducted using electronic bibliographic packages to identify the source of
publications. It is however, unlikely that this search is inclusive®'. In the subsequent
chapters on breast, cervical and lung cancer costs, further studies (published and
unpublished) have been identified by utilising sources other than the bibliographic

packages. For example, use of sources of reference in published studies, colleagues’

advice and information on published and unpublished studies.

3.2 Methods
The first aim of the review was to identify any research on the subject area of cost or

economics of cancer or cancer care. After having defined the objectives of the review

3

the next step was to identify the eligible studies. Literature on the costs and cost-

effectiveness of cancer and cancer care were detected using electronic database

searches. These included:

Embase (1980 to present)

Sci search via BIDS (1981 to present)
Soc Sci search via BIDS (1981 to present)
Medline (1966 to present)

NHS Economic Evaluation Database (compiled by the Centre for Reviews and
Dissemination at York University - whole database)

All the above database searches were conducted during August 1998. However some
of the publications during the first eight months of 1998 may have been excluded due

to time lags between publication and citation in the databases.

3.1 It should be noted that it was not the purpose of this chapter to conduct a comprehensive search on
all the published and unpublished literature on the topic of cost of cancer.
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Studies were included if they appeared to assess the direct and/or the indirect
cost of cancer or cancer care. Review studies were included in this initial search. The
exclusion criteria for this initial search were purposely kept to a minimum as I required
a comprehensive list of published studies on cost and cancer. Exclusions were made if
the studies were clearly not anything to do with costing or cancer. In some cases when
reading the abstract it was difficult to determine whether a cost analysis had been
conducted or whether they were simply reporting resource use. If only resource use
was reported these studies were excluded from the review. The searches were also
limited to ‘English language’ and ‘human’ studies. Understandably a number of

studies that appeared to meet with the inclusion criteria during the initial review were

subsequently excluded; titles and abstracts can be misleading. Thus, once all the

literature that appeared to satisfy the inclusion criteria were gathered, and the papers
read in more detail, further exclusions had to be made. Table 3.1 reports the results

from the literature search.
From the original set of 595 papers which appeared to be of interest, a number
of publications were found to be duplicates or triplicates (i.e. cited by more than one

bibliographic package), or not appropriate for inclusion into the review because the
paper gave no information on either cost or cancer or in some cases both subject terms.
Therefore the number of papers eligible for the review was reduced to 383

(Appendices 3.1 and 3.2).
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Table 3.1 Results from the Literature search

EMBASE:
‘cancer’ or ‘neoplasms’ =20,288
limit to ‘English’ and ‘Human’ = 18,619
‘cost’ (include all terms) =47,039
limit to ‘English’ and ‘Human’ = 25.444
combine =223
of Interest = 22
Sci Search BIDS:
search in the title, keywords/abstract field
‘cancer and cost’ =2,672
of Interest = 280
SocSci Search BIDS:
search in the title, keywords/abstract field
‘cancer and cost’ = 304
of Iinterest = 86
Medline:
‘cancer’ (include all terms) =95,713
limit to ‘English’ and ‘Human’ = 66,802

‘cost’: ‘cost & cost analysis’
‘direct service costs’
‘drug costs’
‘employer health costs’

‘hospital costs’ =29,208
limit to ‘English’ and ‘Human’ = 18,532
‘economics’: ‘medical’ = 17,338
‘*hospital’
‘nursing’
‘pharmaceutical’
limit to ‘English’ and ‘Human’ =5.919
‘cost-benefit analysis’ = 15,803
limit to ‘English’ and ‘Human’ = 12,290
‘cost of 1llness’ = 1,630
limit to ‘English’ and “Human’ = 1,449
combine
‘cancer’ and ‘cost’ = 325
‘cancer’ and ‘economics’ =47
‘cancer’ and * CBA’ = 224
‘cancer’ and ‘cost of illness’ =49
of interest =02
NHS Economic Evaluation Database - CRD
‘cancer’ =126
‘cancer’ + ‘cost’ =123
of interest =115

77



3.2.1 Categorization of study type:

Not all the studies in the review were reports of costs or economic research, although
all had some element of cost in them. I therefore decided to categorize them according
to study type:
1) Economic evaluation:

Cost-effectiveness analysis (CEA)

Cost-utility analysis (CUA)

Cost-benefit analysis (CBA)

Cost-minimisation analysis (CMA)
2) Other cost study, e.g. cost of illness or cost of disease/ process/ treatment.
3) Review studies of economic aspects of cancer care or economic evaluations of care.
4) Guidelines/description of methods used for cost estimation of cancer and cancer
care.
5) Other - e.g. conference proceedings, editorials, letters.
Further exclusions to the 383 publications were made; review or guideline papers,
letters, conference proceedings and editorials were excluded from any detailed
analyses. The reason for these exclusions was that primary research studies were
required for such a review of the practical elements of costing. The remaining 262
papers were classified according to disease/cancer site or treatment type, year of
publication, country from which the study originates (see section 3.3).

As the main aim of this review was to ascertain whether the practical and
applied costing adhered to the theory set out in the guidelines outlined in Chapter 2. A

detailed review of a single paper took three hours on average. To attempt a detailed
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examination of all papers that met with the inclusion criteria would have therefore
taken a considerable amount of time. It was therefore felt to be impractical to review
all 262 papers in detail. The number of papers for detailed review needed to be
reduced. A 15% random sub-sample of the 262 papers that met with the inclusion
criteria was selected for intensive detailed review of the costing methodology used.
The detailed review required a decision on a number of study criteria to which
an assessment of adherence could be made. The choice of criteria was based on the
methods, guidelines and issues discussed in Chapter 2. These criteria along with the

background information required for the review are set out in Table 3.2.
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Table 3.2 Background information and criteria for the review of published
studies of costing and cancer.

e Author
e Year

o Type of economic study:
-CCA
- CBA
-CMA
- CEA
- CUA

o Type of health care strategy:
- treatment
- prevention
- diagnostic

o Type of cancer

o Type of intervention

e Viewpoint/ perspective:
- patient
- health service
- society

o Type of cost:
- direct health care

- direct non-health care

- informal

- productivity
o Study design: retrospective or prospective analysis
e Stochastic or deterministic analysis
¢ Time horizon

e Relevant costs included

e Data collection centre
-single centre or multi-centre

Sample size calculation

Quantification of resource use:
- previous studies
- medical records

-RCT




- literature search

- clinical advice/ Delphi panels
- interviews/patient diaries

- observation

Valuation of cost estimation:
- cost of resources from estimation

- unit costs of resources from finance
- prices: billing data, tariffs
- published studies

Costs and resource use information stated separately

Price base:
- use of Hospital and Community Health Services pay and price index or RPI
to change price base

Currency:
- use of exchange rate or Purchasing Power Parity to convert currencies

Discounting
Analysis of cost data:

- statistical analysis and reporting of costs

Costs varied in sensitivity analysis:
- one way
- multiway
- probabilistic
- analysis of extremes
- threshold

Handling of missing data
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3.3 Results from the review

From the 383 studies identified in the electronic databases, 262 were eligible for

further analysis (see Appendix 3.1). 121 of the papers were excluded for the following

reasons; 17 were conference proceedings, 6 were editorials, 4 were guidelines to
costing, 21 were letters, 64 were review articles, 2 were a mix of guidelines and
reviews, 6 were found to have no English translation available and | could not be
traced by inter-library loans (Appendix 3.2). The 262 left for further analysis, have
been categorized according to; economic study type (Figure 3.1), country where the
study was carried out (Figure 3.2), cancer site or specific therapy (Table 3.3),

publication year (Figure 3.3) and author of study (Table 3.4).

Figure 3.1  Type of economic study

CUA CBA
12% 2%
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Figure 3.2 Country where study was undertaken
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Table 3.3 Cancer site or specific therapy
Site Multiple sites 11:
Breast 66 Breast, Lung, Colorectal, Prostate,
Colorectal 41 Stomach
Cervical 22 Breast, Lung, Colorectal, Prostate,
Prostate 22 Bladder
Lung 19 Breast, Lung, Colorectal
Ovarian 10 Breast, Lung, Ovarian
Cancer 7 Breast, Lung, Stomach, Uterus
Stomach 6 Breast, Lung
Testicular 3 Breast, Cervical, Colorectal
Endometrial 3 Breast, Cervical
Melanoma 3 Breast, Colorectal, Prostate
Brain 2 All neoplasms (2)
Childhood 2
Hodgkins 2 Therapy
Leukemia 2 Terminal care 11
Bladder 1 Chemotherapy 10
Head and neck 1 Radiotherapy 4
Non-Hodgkins 1 Anti-emetics 3
Oesophagus 1 Radiology 3
Oral 1 Pain 3
Pancreas I
Upper aerodigestive tract 1
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Figure 3.3 Year of publication
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Table 3.4 Authors of publications concerned with ‘cancer’ and ‘costing’

where numbers of publications are >1

Hillner BE 13 van der Maas PJ 3
Smith T [ Virgo KS 3
Whynes DK 8 Waugh N 3
Evans WK 7 Baker MS 2
Walker A 7 Bastin K 2
Koopmanschap MA 6 Bennett CL 2
Brown ML 4 Butler JRG 2
de Koning HJ 4 Goodwin PJ 2
Gyrd-Hansen D 4 Hall J 2
Messori A + Hodgson T 2
Norum J 4 Hutton J 2
Salkeld G 4 Jonsson B 2
van Ballegoijjen M 4 Launois R 2
van Inveld BM 4 Leese B 2
Arveux P 3 Lieberman D 2
Carlsson P 3 Lokich JC 2
Fahs MC 3 Neilson A 2
Hurley SF 3 Simon MS 2
Lindfors KK 3 Tsuji | 2
Littrup PJ 3 Weeks J 2
Mandelblatt JS 3 Wodinsky HB 2
Rosenquist CJ 3
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Fifty per cent of the studies are categorised as cost studies, thirty-four per cent are
cost-effectiveness studies. Between five and ten studies have been undertaken in each
of the following countries; Norway, France, Japan, Sweden, Italy and the Netherlands.
Sixteen studies were undertaken in Australia, twenty-three in Canada, thirty-two in the
UK and one hundred and twenty five in the USA. Of course, since the literature
search was restricted to publications in the English language, studies from Europe and
other non-English speaking countries may be underrepresented. However, given that
the majority of international studies do get published in English language journals, this
under-representation may not be as great as expected, (as supported by the various
countries included in the review (Figure 3.2)). The under-representation is more likely
to be concentrated on specific countries such as studies from China and Russia.
Unsurprisingly, most of the studies reported in the literature examine the most
common cancers. Sixty-five per cent of the 262 studies considered breast, cervical,
prostate, lung or colorectal cancer. Breast cancer alone accounted for twenty five per
cent of all the studies in the review. The majority of the studies (86%) on cost and
cancer were published in the 1990’s, with fifty published in 1996 alone. It must be
remembered that the figures for 1998 are only for 8 months of the year as this literature
search was carried out in August of that year, moreover there are time lags between
publication and being entered into the electronic databases. Therefore the figure of 18
for 1998 is likely in reality to be much higher. The final categorisation of the 262
studies was by author of the paper. Fifty-eight per cent of the total number of studies

were by first authors who had published more than 1 study out of the 262.
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3.4 Detailed Review

A 15% random sample of the 262 papers that met with the inclusion criteria resulted in
a detailed review of 40 publications. The papers in this review are documented in
Appendix 3.3.

3.4.1 Background information of publications in the detailed review

Tables 3.5 and 3.6 give background information such as study type and year of
publication. This information closely matches that of the 262 published papers found
in the literature review (see Figures 3.1 and 3.3), with 50 per cent of the studies being

cost studies and the majority being published in 1994-1997.

Table 3.5 Stud e (detailed review

Study type Number % of total
Cost 19 47.5

CEA 13 32.5

CUA 5 12.5

CMA 2 5

CBA 1 2.5

Table 3.6 Year of publication (detailed review)
Year of Number % of total

publication

1979 1 2.5
1980 1 2.5
1983 1 2.5
1986 1 2.5
1987 2 5
1988 1 2.5
1989 1 2.5
1990 1 2.5
1991 2 S
1992 1 2.5
1993 4 10
1994 7 17.5
1995 5 12.5
1996 S 12.5
1997 5 12.5
1998 2 >

B e R
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Type of health care strategy

Of the 40 studies, 29 (73%) are categorized as treatment studies, while 8 (20%) are
prevention studies and 3 (8%) investigate diagnostic procedures.

Type of intervention

Exploring the type of interventions looked at in the papers, screening contributed to 8
of the papers (20 %), as did chemotherapy. Other interventions included diagnostic
procedures such as biopsy(7) or radiology(8), or the entire disease management of
specific cancer sites(9-13).

Type of cancer

Costs were estimated in the studies for a range of cancer sites (Table 3.7). Breast
cancer accounted for 5 papers (12.5 per cent of the total), while colorectal cancer made
up 15 per cent of the total (6 papers), lung cancer accounted for 10 per cent of the total

(4 papers), cervical cancer, prostate cancer and chemotherapy accounting for 3 papers

each (7.5 per cent each).

Table 3.7 Cancer site or specific therapy (detailed review

Cancer site ade Number of papers % of total S
Colorectal 6 15 N
Breast S 12.5

Lung 4 10

Cervical 3 7.5

Chemotherapy 3 7.5

Prostate 3 7.5

Cancer 2 5

Endometrial 2 5

Terminal 2 5

Other 10 25

__M
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The above, all represent background information to the papers reviewed. However the
main purpose of the detailed part of the review was to look at the costing

methodologies used.

3.4.2 Costing methods used in publications in the detailed review

Viewpoint/perspective of the study
The first area of interest in any costing study is what is the viewpoint or perspective of
the study. Out of the 40 studies looked at, 31 were from the perspective of the health
service, 6 were based on a societal perspective, and 2 from the USA were from the
‘payors’ perspective.

The type of perspective chosen governs the type of cost to be estimated. For

all cases, the direct health care cost was ascertained (Table 3.8), four of these studies

also estimated the direct non-health care costs, i.e. the patients’ and families’ travel

costs or any other direct payments made by the patient or family as a result of

receiving the medical care(12, 14-16). Three studies estimated the productivity costs
related to the disease(10-12). Informal care costs were estimated by Lansky and

colleagues (1979) when estimating the non-medical costs of childhood cancer (15).

Table 3.8 Type of cost

_Typeofcost Number of studies  Percentage of studies
Direct health care costs 40 100%
Direct non-health care costs 4 10%
Informal care costs l 39%
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Prospective, Retrospective or Model

The studies differ in the type of design. The design is an important factor to consider
as it impacts on how the resources are identified, measured and valued, and whether
the information collected 1s stochastic or deterministic, and whether statistical analysis
and/or sensitivity analysis of the cost data is undertaken.

Figure 3.4  Proportion of articles by study type
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Figure 3.4 summarises the various designs used in the 40 published studies. Forty-
three percent of the studies had been carried out on a retrospective basis,