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REVIEW

Outcomes and markers in the assessment
of chronic obstructive pulmonary disease

P.W. Jones* and A.G.N. Agusti®

ABSTRACT: The clinical presentation of chronic obstructive pulmonary disease (COPD) is highly
variable, reflecting the interaction of a complex range of pathological changes including both
pulmonary and systemic effects.

The consequences of COPD experienced by the patient (i.e. its outcomes) include: symptoms,
weight loss, exercise intolerance, exacerbations, health-related quality of life, health resource use
and death. No single measure can reflect the variety of pathological effects or adequately
describe the nature or severity of COPD.

Currently, there are few validated markers for assessing COPD and evaluating the effectiveness
of treatment. The forced expiratory volume in one second has been used as a global marker of
COPD, but it does not fully reflect the burden of COPD on patients. New markers are needed to
better characterise the full clinical spectrum of the disease and to guide the development and
assessment of new and more effective therapies.

This article considers the distinction between outcomes and markers, the various ways in which
markers are used and the need for new markers in the management of chronic obstructive
pulmonary disease. The process of marker selection and validation is reviewed and potential new
biological, physiological and symptomatic markers for chronic obstructive pulmonary disease are

assessed.

KEYWORDS: Biological marker, chronic obstructive pulmonary disease, forced expiratory
volume, physiological marker, symptomatic marker, validation

hronic obstructive pulmonary disease
‘ (COPD) is defined currently by the

American Thoracic Society (ATS) and
the European Respiratory Society (ERS) as a
disease characterised by airflow limitation, which
is not fully reversible and produces systemic
consequences. It is a multicomponent disease
characterised by a range of pathological changes,
which include mucus hypersecretion, airway
narrowing and loss of alveoli within the lungs,
and loss of lean body mass and cardiovascular
effects outside the lungs. There is extensive
heterogeneity among patients with COPD in
terms of their clinical presentation, disease
severity and rate of disease progression. Two
general terms are used in the context of measure-
ment of the effect of disease: outcomes and
markers. It is useful to retain the term ““outcome”
for the consequences of the disease as experi-
enced by the patient. In COPD, these would
include symptoms, weight loss, exercise intoler-
ance, exacerbations, impaired health-related
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quality of life, increased health resource use and
death. A marker is a measurement known to be
associated with a clinical outcome. Thus, exercise
capacity, as tested in a laboratory, is a marker of
the patient’s exercise intolerance in daily life, and
health status scores provide a marker of the
patient’s health-related quality of life.

In the absence of other widely accepted and
validated markers, lung function measurement
and, specifically, the forced expiratory volume in
one second (FEV1), has been used as a global
marker for all the pathophysiological changes in
COPD. However, measures of lung function
correlate only poorly with the severity of dyspnoea
and other symptoms [1], and COPD has a range of
extrapulmonary effects [2]. For that reason, lung
function measurements by themselves are not
adequate to describe the impact of COPD or assess
the effectiveness of therapeutic interventions.

New markers are needed to allow a more
complete and clinically relevant assessment of
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COPD, reflecting the substantial variation in the way in which
the disorder presents in different patients. They may enable
better phenotyping of different types or patterns of COPD and
help improve assessment of disease severity, response to
therapy and monitoring of disease progression. They may
also assist in new drug development processes. Conversely,
the lack of appropriate markers and outcomes, or use of
inappropriate ones, can present an obstacle to the development
of new and effective therapies [3]. The process of identifying
appropriate markers and outcomes is not straightforward and
needs to reflect the needs of various parties with differing
priorities (table 1). Validation of these measures is time-
consuming and involves a substantial commitment of
resources. However, this is critical to gaining a better under-
standing of the pathophysiology of COPD and the develop-
ment of reliable, comprehensive and evidence-based assess-
ments of the effectiveness of therapeutic interventions.

DEFINING OUTCOMES AND MARKERS

The meaning of the term outcome can vary according to the
setting in which it is used. This article is concerned with
clinical outcomes that are consequences of the underlying
disorders in COPD and that are experienced directly by
patients. These include disability, poor health, reduced quality
of life and death. Outcomes can take on other meanings in

TABLE 1

Requirements of markers in chronic obstructive
pulmonary disease for different groups, some of
which, but not all, are shared

Group Key requirements

Family physicians Simplicity
Specificity
Reliability
Clarity
Sensitivity
Specificity
Reliability
Clinical utility
Cost-effective
Clarity
Practicality
Sensitivity
Generalisability
Reliability
Simplicity
Sensitivity
Specificity
Reliability
Clarity

Clinical utility
Generalisability
Reliability
Sensitivity
Specificity
Biological credibility
Clarity
Simplicity

Hospital specialists

Payers

Pharmaceutical industry

Regulatory authorities

Scientists

Patients
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medicine, and these will be discussed below. For many
disorders there is often a lack of clinical outcomes that can
be measured easily within routine practice or in the setting of a
clinical trial. In chronic conditions, such as COPD, the effect of
the underlying pathological processes takes many years to
develop. As a consequence, studies designed to evaluate the
effects of treatment directly on clinical outcomes may need to
run for a long time, which might delay the development of
new treatments.

In conditions where direct measurement of treatment effects
on clinical outcomes is not feasible, markers are needed. A
marker has been defined as a clinical measurement that is
associated with, and believed to be related pathophysiologi-
cally to, a clinical outcome [4, 5]. The term marker is used in a
number of ways, so it is important that there is clarity in its
use, since its meaning may change with its context.

Diagnostic marker

In this context, a marker is used as a dichotomous variable (i.e.
it is either present or absent). The marker is usually measured
on a continuous scale, but a threshold value is used to define
presence or absence of the clinical state; for example, os-
antitrypsin level or FEV1 when used for COPD diagnosis.

Measure of disease severity

In this role, the marker may describe more than two levels of
disease severity, or stage, into which measurements are
categorised according to predefined ranges. The chosen ranges
for these categories may or may not be evidence based.
Examples include: body mass index (BMI) or FEV1, as used in
ERS, ATS guidelines and Global Initiative for Chronic
Obstructive Lung Disease (GOLD) staging.

Marker of disease progression

Here, the measurement may be used as a continuous variable,
without categorisation, e.g. rate of decline of FEV1 or rate of
decline of health status score. Other markers may be
categorised, e.g. presence or absence of hypoxia, presence of
pulmonary hypertension or loss of lean body mass.

Marker of treatment effect

These are the familiar markers used to measure response to
treatment (e.g. dyspnoea score, lean body mass, exercise
capacity, health status, FEV1, efc.). Confusion around terminol-
ogy can arise in this setting, because in clinical trials these
markers are often termed ‘“‘outcome variables”, ““clinical end-
points” and “clinical trial end-points”. These are, of course,
outcomes from the trial and not clinical outcomes.

Biological markers and biomarkers

A widely used definition endorsed by the National Institutes of
Health in the USA is that a biomarker is a characteristic that is
objectively measured and evaluated as an indicator of normal
biological processes, pathogenic processes, or pharmacological
responses to therapeutic interventions. In this context, biomar-
kers are generally considered to be substances rather than
physiological measurements, such as FEV1 or exercise capa-
city. An example in COPD is exhaled nitric oxide as a
biomarker for an inflammatory process in the airways.
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Surrogate marker

It will have become clear that all markers are surrogate
markers for the outcome of interest, but this term applies when
a marker is used as a substitute for the marker of primary
interest, e.g. diffusing capacity as a surrogate marker for the
presence of emphysema. In other words, a surrogate marker is
one marker being used in place of another marker.

Markers used for categorising severity

It should be noted that, in a number of the applications
described above, threshold values are used to partition
measurements of a marker made on a continuous scale into
defined categories, for example, mild/moderate/severe, etc.
These thresholds should be set using validated methodologies,
but initially they have often been set rather arbitrarily, with
validation of the categories being carried out later.
Categorisation of COPD severity using the FEV1 is a clear
example of the latter approach. Initially the chosen categories
were rather arbitrary, but they have proved to have practical
value for research and clinical practice, which is a component
of validation. This example also illustrates the need to use
markers of severity carefully. Staging criteria based upon the
FEV1 categorise COPD patients only in terms of the degree of
airflow limitation. They do not categorise COPD severity, since
that is multicomponent in nature.

RELATIONSHIP BETWEEN AN OUTCOME AND ITS
MARKERS

An outcome may have multiple markers; for example, BMI,
FEV1 and exercise capacity are all independent predictors of
mortality. Furthermore, the relationship between an outcome
and its marker may be modified by factors internal to the
patient, such as the presence of comorbid conditions or
external factors, such as the level of family or social support
and access to healthcare.

Within medicine in general, there are few markers that are so
well characterised and understood that they can substitute
effectively for a clinical outcome, and be used as a surrogate
for the outcome. One of the rare examples is hypertension,
where there is a wealth of evidence demonstrating that
elevated blood pressure is a cause of cardiovascular and
cerebrovascular disease, and that treatment to lower elevated
blood pressure reduces morbidity and mortality from out-
comes such as myocardial infarction and stroke [6].
Consequently, a reduction in blood pressure has become
accepted as a treatment end-point in the prevention of these
clinical outcomes. In other words, blood pressure reduction
becomes both the therapeutic target and the proximate
outcome for the patient, since it lowers the risk of developing
other outcomes. In the management of diabetes, glycosylated
haemoglobin takes on a similar role. Even in such cases, it is
important to remember that the correlation between marker
and outcome is not perfect. In fact it is probabilistic and may be
situation-specific. For instance, antihypertensive therapy with
angiotensin-converting enzyme inhibitors has greater benefits
in reducing cardiovascular mortality and morbidity compared
with diuretics, despite comparable reductions in blood
pressure.

The strength of evidence linking a clinical outcome and its
marker evolves over time as part of an ongoing process of
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validation. In many cases, the correlation between marker and
outcome is not well defined and it is important to realise that
the extent of validation of a marker is inversely related to its
degree of novelty. A novel marker may reflect an important
new insight into underlying disease mechanisms, but may not
yet have been shown to correlate closely with a relevant
clinical outcome. For example, inflammation is increasingly
recognised as an important contributory factor in coronary
artery disease and its associated cardiovascular outcomes.
There are a variety of factors such as C-reactive protein,
interleukin (IL)-6 and tumour necrosis factor-o. (TNF-o) that
are known to be directly involved in vascular inflammation,
and elevated levels of these proteins correlate with increased
risk of cardiovascular disease [7, 8]. However, unlike blood
pressure and stroke, there is no direct evidence to demonstrate
that treatment-associated reductions in these factors correlate
with improvements in clinical outcomes. Whilst markers of
inflammation cannot, at present, substitute for clinical out-
comes, they can still help by advancing the understanding of
coronary artery disease and assessing potential benefits of anti-
inflammatory agents in the management of cardiovascular
disease. Another problem is that markers may be very specific
and apply to a particular part of a disease pathway. Many
chronic diseases are complex, with multiple pathways, so a
biological marker may reflect activity in only one of a number
of different and important pathways.

THE NEED FOR NEW MARKERS IN COPD

The pathogenesis of coronary artery disease has been
investigated extensively and is relatively well defined.
COPD, by comparison, has been studied much less and the
underlying disease mechanisms are less well understood.
COPD is characterised by a range of pathological changes,
including airflow limitation and inflammation, mucociliary
dysfunction, structural changes in the airways and extrapul-
monary systemic effects [2, 9-12]. Reflecting the multicompo-
nent nature of the disorder, there is extensive heterogeneity
among patients with COPD in terms of clinical presentation,
disease severity and rate of disease progression. It is increas-
ingly apparent that a single marker is unlikely to be predic-
tive of clinical outcome in all patients with COPD, given
the diverse range of pathological mechanisms involved.
Furthermore, with the variable clinical presentation of COPD,
a single outcome is unlikely to provide a full assessment of the
impact of COPD across all patients. Despite this limitation,
definitions of COPD from organisations including the ERS,
ATS and GOLD [13-15] have focused almost exclusively on the
lungs, although the ERS/ATS definition has recently been
modified to include reference to the significant systemic
consequences of COPD [16]. Furthermore, staging and prog-
nosis of COPD is currently determined solely on the basis of
lung function measurements, principally FEV1. In effect, FEV1
has come to be used as a global marker for all the
pathophysiological changes in COPD, even though a number
of the changes are extrapulmonary.

The role of FEV1 as a global marker of COPD is reinforced by
the requirements of regulatory authorities. For instance, the
Committee for Proprietary Medicinal Products of the European
Agency for the Evaluation of Medicinal Products states that the
primary end-point in clinical trials should reflect the clinical

EUROPEAN RESPIRATORY JOURNAL



P.W. JONES AND A.G.N. AGUSTI

benefit and should include FEV1 as a measure of lung function
as well as a measure of symptomatic benefit [17]. The ability of
therapies to prevent the progression of COPD is thus judged in
terms of effects on a single marker that is relevant to only some
of the pathophysiological processes in COPD and so is unlikely
to provide an accurate assessment of the overall clinical effect.

There is another risk in placing reliance solely upon the FEV1
as a marker of COPD. Bronchodilators are central to current
strategies for managing COPD, and FEV1 is a reliable marker
of a principal clinical effect of these therapies. It is possible that
new agents that act by mechanisms other than bronchodilation
might have little or no effect on FEV1, but significantly
improve clinical outcomes such as mortality and hospitalisa-
tion. For example, pulmonary rehabilitation has been shown to
improve exercise tolerance and symptoms of COPD including
breathlessness and muscle fatigue, without modifying FEV1 or
other lung function parameters [18-20]. Treatments that might
have the potential to substantially improve the management of
COPD might be denied to physicians and patients, if based
solely on the current regulatory requirement that treatments
should improve FEV1 [17].

The limitations of relying on a single marker to describe the
progression of a multicomponent disease are compounded by
a number of other considerations that, taken together, high-
light the need for new and additional markers in COPD. For
example, the use of FEV1 to assess treatment efficacy seems
paradoxical, since COPD is diagnosed on the basis of low FEV1
that is poorly responsive to bronchodilator therapy. In other
words, new treatments for COPD are required to modify a
marker in a population that has been selected on the basis of
the unresponsiveness of that same marker to established
COPD therapies. Given this paradox, it is perhaps unsurpris-
ing that many trials of bronchodilators and anti-inflammatory
agents have shown only marginal efficacy in terms of
improvements in FEV1 [21-27].

It is important to remember that FEV1 is a marker, and not a
clinical outcome, of COPD. Whilst the FEV1 has been shown to
correlate with mortality and health status, these correlations
are weak, and it is not until FEV1 falls to <50% of the predicted
level that mortality begins to rise substantially. Furthermore, in
patients where the percentage of predicted FEV1 has fallen to
very low levels, this measure has little predictive value [14, 28].
Evidence suggests that other measures may be better indica-
tors of disease progression than FEV1. One study, for instance,
found that staging of COPD based on the severity of dyspnoea
was more predictive of 5-yr survival than categorisation
according to percentage of predicted FEV1 [1]. Body weight
[29, 30], exercise capacity and health status have also been
shown to correlate with mortality in COPD [31-34].

The concept of a single global marker has the attraction of
simplicity and convenience, but may not be appropriate to a
complex, multicomponent disorder, such as COPD. Additional
markers and outcomes are needed to provide a more
comprehensive and clinically meaningful assessment and so
provide a more informed basis for treatment decisions. In
particular, markers related to inflammatory processes, struc-
tural changes and systemic effects could yield valuable
information to complement that provided by FEV1 for airflow
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limitation. Given that COPD is a progressive disorder, it may
be that certain markers and outcomes are more relevant and
useful at particular disease stages.

SELECTION AND VALIDATION OF NEW MARKERS

IN COPD

It is much easier to criticise the inadequacies of current practice
than to identify and take the steps needed to overcome those
shortcomings. The complexity of COPD, in terms of both its
pathogenesis and clinical presentation, means that there is a
wide range of potential markers that might provide valuable
information. Selecting which of these might prove both
practical and effective requires balancing a broad range of
factors and the differing needs of various groups involved in
the investigation and management of COPD (table 1). For
example, key requirements of research scientists and hospital
specialists will be that the marker has the potential to extend
their knowledge and understanding of COPD. Ease of
measurement or interpretation of the marker will generally be
of secondary importance for these groups. In contrast, the
simplicity of the measure is a primary consideration for family
physicians. Ideally, a marker used routinely in the primary care
setting should require no special resources or processes beyond
those typical of a patient-doctor consultation. Interpretation of
the results should be clear and not require specialist knowl-
edge, and patients should be able to understand their
implications. From the perspective of the pharmaceutical
industry, markers need to have sufficient practicality to allow
consistent application in clinical trials and the clarity to
determine and illustrate potential benefits in routine practice
of the agent under investigation. Reliability (i.e. the ability to
perform the same way in different settings) and generalisability
are key requirements for regulatory authorities, so that trials
with different therapies can be compared on an objective basis.

A number of key attributes are required of a new marker.
1) Relevant. The marker should relate to underlying disease
mechanisms and/or the well-being of the patient. 2) Sensitive.
The marker should be able to detect clinically important
differences and be predictive of morbidity and mortality. In
this respect it should perform the same way across all patients
(discriminatory ability), as it does within patients (evaluative
ability). 3) Selective and specific. The marker should not be
influenced by confounding effects such as comorbidities or
other factors. 4) Reliable. The marker should perform
consistently in different settings, when administered to
different patients by different healthcare professionals or
research workers. 5) Internal consistency. Questionnaires and
similar instruments, such as diary cards, should have good
internal consistency. 6) Repeatable. Measurements should be
stable and only change if the underlying disease changes.
7) Interpretable. The measurements obtained with the marker
(for example, questionnaire scores) should translate into
clinically interpretable results. 8) Simple. Testing and analysis
should be accommodated easily within existing routine
practice. For biomarkers, assays should not require procedures
or equipment beyond those that are standard in a clinical
laboratory. Noninvasive techniques are generally more con-
venient and acceptable for patients. 9) Cost-effective. The cost
of monitoring should be more than offset by the savings
resulting from improved management.
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This is a very wide range of requirements and is difficult for
any single marker to meet, so a degree of compromise is
inevitable. In practice, the extent to which a marker conforms
to this profile of attributes evolves over time as part of its
validation [35]. With a new marker it is unlikely that
reproducibility and predictive power will be clearly estab-
lished, but its relevance to an underlying disease mechanism
may promise an improved understanding and more compre-
hensive assessment of the disorder that can be established
over time. As noted above, the degree of novelty in a
marker is inversely related to the extent to which it is
validated [4].

The validation processes of a marker for use in research and
clinical trials can be considered to fall broadly into three
phases (table 2). The first phase involves demonstrating that it
is relevant to the natural history of the disorder and can
plausibly be expected to predict clinical outcomes. Changes in
the frequency and/or magnitude of the marker should
correlate closely with clinical outcomes. In the second phase
of validation, treatments known to be effective in the treatment
of the particular condition should be shown to have effects on
the marker consistent with an improvement in clinical out-
comes. In studies comparing different treatments, the size of
effect should correlate with changes in other related clinical
outcomes or validated markers. The final phase of validation
requires a demonstration that treatment-related changes in the
marker correlate with positive changes in clinical outcomes.
The validity of the marker should be assessed in treatments
that act via different mechanisms. In COPD, for instance, the
validity of the marker should also be assessed for both
bronchodilator and anti-inflammatory agents. This phase
should also assess whether the validity of the marker is
restricted to a particular disease stage or covers the complete
disease life cycle [35].

POTENTIAL NEW MARKERS FOR THE ASSESSMENT
OF COPD

Whilst there are currently very few well-validated markers,
there are a large number of candidate markers that could
potentially be valuable for the assessment of COPD. A number
of these are described in table 3 and are discussed below, but
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this list should not be considered exhaustive. For clarity, we
have grouped them into different subgroups.

Biological markers

Validation of new biological markers is a difficult and time-
consuming process. Given that airway inflammation is a central
component in the pathogenesis of COPD. Inflammatory cells
and mediators would present a logical target as potential
markers for disease monitoring and the assessment of
therapeutic interventions. COPD is characterised by neutro-
philia [36] and increased levels of inflammatory mediators,
including IL-6 [37], IL-8 [38, 39], TNF-a [37, 39] and leukotriene
By [40, 41]. Airway inflammation occurs in COPD, but also in
smokers without COPD [42, 43] and in patients with COPD
who do not currently smoke [44, 45]. For this reason, the
presence of airway inflammation may not be sufficiently
specific to act as a marker of COPD.

Studies have tried to establish if COPD is associated with a
particular pattern of airway inflammation distinct from that
seen in smokers without COPD or other conditions including
asthma [46]. In a comparison of inflammatory cells in the
peripheral airways of smokers with and without COPD, higher
levels of CD8+ T-lymphocytes were found in biopsies from
those patients with COPD. However, the levels of neutrophils,
macrophages and CD4+ T-lymphocytes were similar in
patients with or without COPD [47]. There are also differences
in the pattern of inflammation in COPD as compared with
asthma. In a comparison of patients with a history of either
COPD or asthma and with similar degrees of fixed airflow
obstruction and airway hyperresponsiveness, the patients with
a history of COPD had significantly more neutrophils and
significantly fewer eosinophils in sputum and bronchoalveolar
lavage fluid, as well as a lower ratio of CD4+/CD8+ T-
lymphocytes [48]. Thus, while it appears that COPD may be
associated with a particular profile of inflammatory changes, a
better understanding of the inflaimmatory mechanisms in
COPD is needed to determine if any inflammatory cell or
mediator, either alone or in combination, is sufficiently specific
to act as a disease marker for COPD.

Whilst much attention has been paid to biomarkers from the
lungs, biomarkers need not necessarily be present in the

ay-\:{8 B Phases of marker validation process for therapeutic trials (modelled on [35])

Classification Description

Validation

Phase 1 Natural history marker
Reflect underlying disease mechanisms
Predict clinical outcomes independent of treatment
Phase 2 Biological activity marker
Responds to therapy
Change in frequency/magnitude of marker corresponds
with therapeutic potency
Phase 3 Marker of therapeutic efficacy
An early change in the marker predicts clinical outcome
in the context of active therapy
Ideally, marker could be used as a surrogate endpoint
for clinical outcomes

Demonstration of relationship between frequency/magnitude
of marker and clinical outcomes

Phase /Il trials demonstrating appropriate effects on the
marker with therapeutic intervention
Dose-dependent effects of treatment on the marker

Demonstration that the marker predicts clinical outcomes and
responds to therapy in outcome trials

Validation should establish whether the marker is applicable to
all disease stages and all interventions
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1V:\:1B 8 Potential markers for the assessment of chronic obstructive pulmonary disease

Biological markers

Physiological markers

Symptomatic markers

Expectorated cellular markers of inflammation
Neutrophils, macrophages,
eosinophils, mast cells,
lymphocytes
Expectorated soluble markers of inflammation
TNF-a, IL-8, ECP, MPO
Expired gases
NO, CO, H,0,
Expired air condensate
LTB,, cytokines, aldehydes
Peripheral blood markers
Activated neutrophils, TNF-o,
soluble TNF receptors, IL-6,

Exercise testing
6-min walk test

Lean body mass
Imaging

gas MR

IL-8, CRP Exacerbations
Sputum prot /anti-prot levels Rate
HNE, MMPs, o4-AT, SLPI, Type
TIMPs

EGF levels in sputum
Urine markers
Markers of matrix degradation,
e.g. desmosine

Markers of lung function
Inspiratory capacity, DL,CO

Physiological tests of small airway obstruction
Lung hyperinflation

Rate of decline of lung function

Bronchial hyperreactivity
Skeletal muscle function

CT scan, PET, hyperpolarised

Symptoms
MRC Respiratory Questionnaire
Breathlessness
MRC Dyspnoea scale, Borg
scale, BDI/TDI, UCSD
dyspnoea scale
Disease-specific health status (health-
related quality of life)
CRDQ, SGRQ, BPQ, PFSDQ,
PESS, CCQ
Generic health status
SF-36, NHP, EQ-5D
Cognitive function

Quantification of luminal airway mucus
Measures of pulmonary hypertension

TNF-a: tumour necrosis factor-o; IL: interleukin; ECP: eosinophilic cationic protein; MPO: myeloperoxidase; NO: nitric oxide; CO: carbon monoxide; H>O,: hydrogen
peroxide; LTB,: leukotriene B4; CRP: C-reactive protein; HNE: human neutrophil elastase; MMPs: matrix metalloproteinases; o4-AT: oy-antitrypsin; SLPI: secretory
leukocyte protease inhibitor; TIMPs: tissue inhibitors of matrix metalloproteinases; EGF: epidermal growth factor; DL.co: diffusing capacity of the lung for carbon
monoxide; CT: computed tomograpy; PET: positron emission tomography; MR: magnetic resonance; MRC: Medical Research Council; BDI/TDI: baseline and transition
dyspnoea index; UCSD: University of California, San Diego; CRDQ: Chronic Respiratory Disease Questionnaire; SGRQ: St. George’s Respiratory Questionnaire; BPQ:

Breathing Problems Questionnaire; PFSDQ: Pulmonary Function Status & Dyspnoea Questionnaire; PFSS: Pulmonary Function Status Scale; CCQ: Clinical COPD
Questionnaire; SF-36: Short Form-36; NHP: Nottingham Health Profile; EQ-5D: EuroQol 5D.

airways or sampled from the lungs. There is recent evidence
that blood levels of the acute phase protein C-reactive protein
(CRP) may be a marker of inflammation in the airways, and
respond to inhaled therapy [49, 50].

In the context of biological markers, a distinction should be
made between those use for assessing disease activity or
severity in the stable state and those used to define an acute
exacerbation (which, by analogy, would be the COPD
equivalent to troponin tests for acute myocardial infarction).
The identification of biomarkers for exacerbations provides a
good example of one of the key problems in developing a
biomarker: the need for a precise definition of the disease
phenotype. Currently there is no agreed method of identifying
an acute exacerbation in clinical terms. This makes it very
difficult to identify a precise, sensitive and specific biomarker.
It is possible that the reverse may occur, eventually. Basic
science may identify a biomarker of the acute inflammation
that characterises an exacerbation, thereby providing a method
of validating simple clinical methods for identifying when one
occurs in routine practice. An exacerbation of COPD presents
an interesting discussion point in the context of markers and
outcomes. It is probably both an outcome with important
consequences for the patient and a marker of underlying
chronic disease processes.

EUROPEAN RESPIRATORY JOURNAL

Even if some of the putative biomarkers for COPD do
demonstrate the required sensitivity and specificity, their
introduction to routine clinical practice will require a further,
substantial investment of time and money to support the
development of assays, logistics and infrastructure. A further
problem is that validation of many of these markers will
require tests that are not currently performed routinely in
clinical laboratories. To date, most studies that contribute to
the validation of this kind of marker have been relatively small.

Physiological markers

Identification and validation of physiological markers is not
straightforward. Unlike biomarkers, which generally represent
a well-defined chemical entity, physiological markers often
require agreement between investigators over definitions and
methods of measurement. Bronchial hyperreactivity is one
example for which there is still no fully standardised approach
after nearly three decades [51, 52]. Measures of small airways
obstruction held the potential to provide a more comprehen-
sive analysis of the morbidity associated with COPD [53, 54],
but this has never been realised. More recently, inspiratory
vital capacity [55, 56] and dynamic hyperinflation [57, 58] have
been identified as being important markers of COPD; both are
currently difficult to perform and standardise. Inspiratory vital
capacity may be incorporated into clinical trials, especially

VOLUME 27 NUMBER 4 827



OUTCOMES AND MARKERS IN COPD

those involved with pharmacological therapies, and reach
routine practice, but dynamic hyperinflation will remain a
sophisticated laboratory test.

Physiological markers may change over time, and this has led
to the development of derived parameters such as decline in
FEV1 over 1 yr. This has become a well-accepted marker of
deterioration in COPD that can change with therapeutic
intervention, such as smoking cessation [22], but it requires
multiple careful measurements made at intervals over a
number of years and is more suitable for groups of patients
than individuals.

Arterial oxygen tension (Pa0,) is another example of
an important physiological marker that is measured as a
continuous variable, but used to categorise hypoxia into severe
or less severe, depending upon whether the Pa,0, lies below or
above a specific cut-off value (7.5 kPa).

Markers of structure and functional anatomy

Until recently, quantitative measurement of lung structure has
required lung resection or post mortem specimens, but methods
of standardising lung imaging using high-resolution computed
tomography scanning are becoming established [59-61]. This is
enabling multicentre trials to use this type of measurement as a
surrogate marker for changes in lung structure due to COPD.
More recently, functional imaging through positron emission
tomography and magnetic resonance imaging using hyperpo-
larised helium and xenon are promising new developments
[62-64], although standardisation is still far off.

Symptomatic markers

Many aspects of COPD can still only be assessed through
patients reporting symptoms. Some of these might just involve
the straightforward recording of symptoms, such as cough,
wheeze, breathlessness and sputum colour. The latter provides
an example of a surrogate marker, since there is evidence that
green-coloured sputum is associated with a higher likelihood
of the presence of a bacterial infection in COPD than mucoid
sputum [65]. When recording symptoms, standardisation is
important, but there is often no agreed form of words or
scaling system for quantifying symptom data. This is impor-
tant because in asthma it has been shown that the wording of
simple global measures of severity will affect patients’
responses [66]. Furthermore, with few exceptions, there is no
agreement over the response options. One notable area of
exception is scaling of dyspnoea. There are numerous scales
for this, and many of them are validated and standardised [67-
69], but there are no methods of converting between them so it
is not possible to make direct comparisons of breathlessness
measurements made using different scales and units.

Issues concerning marker development become more complex
when different components are combined to produce a single
overall measurement. This may be done to produce a summary
score for a range of symptoms or to produce a scale for a
theoretical construct, such as health status. Numerous ques-
tionnaires have been developed for measuring impaired health
in COPD, reviewed recently elsewhere [70]. As with the FEV1,
it is now possible to calculate the annual rate of deterioration in
health for some health status questionnaires, and show that
this changes with treatment [71]. Unlike many COPD markers,
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indicative values for the threshold of clinical significance are
available for some health status questionnaires [72]. Validation
of these questionnaires is a complex task and, until recently, it
has not been possible to fully test the measurement properties
of these instruments. The introduction of probabilistic models,
such as the Rasch 1-parameter model, now enables testing of
the fundamental measurement properties of questionnaires
[73]. This will allow existing questionnaires to be modified or
new questionnaires to be created with measurement properties
akin to those for physical, physiological and biological
measurements.

One specific area in which more work is needed concerns the
establishment of equivalence between different questionnaires
that purport to measure the same thing. In one respect that is
already possible, since the minimum clinically important
difference (MCID) has been established for some instruments.
The MCID can then be used as a reference point against which
to judge the size of change with treatment. A discussion of
MCIDs is beyond the scope of this article, but issues of MCID
across a wide range of COPD markers have recently been
addressed in an entire journal volume [74].

Extrapulmonary markers

With the recognition that extrapulmonary aspects of COPD are
important, standardised markers of skeletal muscle function
and lean body mass are needed [75, 76]. Exercise capacity is an
important marker that results from a range of effects of COPD.
Field tests of exercise capacity, such as the 6-min walking
distance test, require standardisation, particularly in encour-
agement [77], but normal values have been reported [78] and a
threshold for clinical significance established [79]. The shuttle
walking test is standardised [80] but is not yet documented as
widely as the 6-min walk. Laboratory-based exercise tests,
such as the anaerobic threshold and the symptom limited
maximum exercise capacity, are measures of global (i.e.
pulmonary plus extrapulmonary) consequences of COPD [81,
82]. There is, as yet, no internationally agreed method of
defining these and measuring these parameters.

Biological markers of inflammation may also be extrapulmon-
ary markers. For example, there is an association between
increased plasma CRP level and impaired lung function in
COPD [49]. However, it is important to clarify the nature of
such associations. Issues such as whether a systemic marker of
inflammation is a “spill-over” from a site primarily in the
lungs, a marker of a systemic inflammatory process that is
causing damage in the lungs, or the result of secondary process
in other organs resulting from primary disease in the lungs,
will have to be resolved before reliable inferences can be
drawn from the use of such markers.

Composite markers

COPD is a complex, multifaceted disease, and reference has
already been made to summary measures such as exercise
capacity and health status measurements. These markers
produce a score that reflects a range of effects of the disease,
but another recent approach has been to create a composite
made up of markers known to be predictors of mortality: BMI,
FEV1, dyspnoea and exercise capacity (the BODE index) [83].
This has proved to be a better predictor of mortality than the
FEV1 alone. As with all validated composite indices, each
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composite measurement must be made in the same way as
during the validation studies for the global marker to be
reliable.

Properties of markers and interpretation of their
measurements

Markers are used to measure different aspects of disease and
provide clinically useful information, so it is important to
clarify the difference between the properties of the marker and
the clinical inferences to be drawn from measurements made
with it.

The properties required of a marker will depend on the context
in which it is used. For diagnostic markers, there should be a
clear distinction between the normal and abnormal range. The
ideal diagnostic marker would have a nonlinear performance
characteristic, changing rapidly at the transition from normal
to the pathological state. More frequently that is not the case
and the boundary is a defined point along a continuum, the
FEV1/forced vital capacity (FVC) ratio needed for a diagnosis
of COPD is a case in point. Validation of these markers
requires some specific steps. First, the range of normality must
be ascertained using population-based studies and appropriate
statistical methods. Next it is necessary to identify criteria for
the presence of the disease, which may be a problem because if
there were already one reliable criterion there may be no need
for another, unless it was simpler and cheaper to use. For that
reason it is often necessary to have multiple criteria. For
example, to validate a substance found in exhaled breath
condensate as a diagnostic marker of COPD, the minimum
criteria for the presence of the disease would probably include
a clinical history characteristic of COPD, significant smoking
history and a post-bronchodilator FEV1/FVC ratio <70%.
Having established a possible threshold value of the marker
that indicates the presence of the disease, it is then necessary to
test its sensitivity and specificity in other patients and other
settings.

By contrast, markers of efficacy should be sensitive to small
treatment effects across a broad range of disease severity. This
requires a linear performance characteristic, ideally with finely
graded measurements to allow precision. It is usually assumed
(but rarely proven) that markers have true interval scaling
properties, i.e. they behave like rulers. With an interval scale,
the distance between two points on the scale should mean the
same thing, regardless of the position along the ruler that the
two points are placed at. Reliable measurement properties of
this type are very important; irregular or nonlinear scaling can
cause major problems in data interpretation.

Whilst it is important to ensure that the distance between
points on a scale is consistent, this does not necessarily mean
that the implication of a given difference in level of disease
marker is the same at all points along the scale. An analogy
with temperature may be useful. Thermometers have interval-
scaling properties, but there are important and different
implications for the physical properties of water of a change
in temperature between -1 and +1°C and between +99 and
+101°C. Similarly in COPD, the impact on outcomes of a
200 mL change in FEV1 for a subject whose FEV1 is 3.0 L will
be very different from that for a patient with an FEV1 of
700 mL. It is very important to make a clear distinction
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between change in the marker and the clinical implication of
that change, i.e. its effect on outcome. In many cases an
equivalent change in marker will produce very different
changes in outcome, often dependent upon the patient’s
baseline state.

Conclusion

The range of markers available for the assessment of chronic
obstructive pulmonary disease and comparison of the effec-
tiveness of different management strategies is currently rather
limited. Whilst the forced expiratory volume in one second has
come to be used almost as a global marker of chronic
obstructive pulmonary disease, it does not reflect the full
burden of chronic obstructive pulmonary disease on patients
or the multicomponent nature of the disease. Consequently,
identification and validation of new markers is needed to
provide further insights into the pathogenesis and epidemiol-
ogy of chronic obstructive pulmonary disease, as well as to
allow a more comprehensive assessment of new therapeutic
interventions. While the development and validation of
markers is a difficult task requiring considerable time and
resources, progress in the area is critical to improved under-
standing and management of this chronic, debilitating and
increasingly common disorder.
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