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ABSTRACT: The American Thoracic Society/European Respiratory Society jointly created a Task

Force on ‘‘Outcomes for COPD pharmacological trials: from lung function to biomarkers’’ to

inform the chronic obstructive pulmonary disease research community about the possible use

and limitations of current outcomes and markers when evaluating the impact of a pharmacological

therapy. Based on their review of the published literature, the following document has been

prepared with individual sections that address specific outcomes and markers, and a final section

that summarises their recommendations.
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BACKGROUND
Clinical trials in chronic obstructive pulmonary disease (COPD)
normally include forced expiratory volume in one second
(FEV1), the principal measure of lung function, as an outcome,
mainly because the COPD research community and regulatory
agencies have traditionally recognised its importance as an
objective index of airflow obstruction that measures both
symptomatic relief and disease progression [1]. International
bodies, such as the Global Initiative for Chronic Obstructive
Lung Disease (GOLD), the American Thoracic Society (ATS)
and the European Respiratory Society (ERS), have been working
together to promote the use of FEV1 as a means of defining and
staging this disease. With their extensive efforts, COPD is now
known as a ‘‘disease state characterised by airflow limitation
that is not fully reversible’’ [2].

However, many researchers still have difficulty defining what
constitutes a response to a pharmacological intervention in
COPD [3]. They are faced with a multicomponent disease
characterised by a range of pathological changes, which
include mucus hypersecretion, airway narrowing and loss of
alveoli in the lungs, and loss of lean body mass and
cardiovascular effects at a systemic level. COPD patients are
also heterogeneous in terms of their clinical presentation,
disease severity and rate of disease progression [4]. Their
degree of airflow limitation, as measured by FEV1, is also
known to be poorly correlated to the severity of their
symptoms or health-related quality of life (HRQoL), which
adds to the difficulties of researchers who are trying to
improve the definition of COPD and current disease staging
systems.

Since the relationship between spirometry and symptoms
appears to be poor, measures of lung physiology alone may
not adequately describe both the social impact of COPD and
the effectiveness of therapeutic interventions in individual
patients [4]. Most researchers regard changes in patient-
centred outcomes, such as symptoms, exacerbations, exercise
capacity and HRQoL, as important as or more important than
changes in lung function. A panel of COPD experts have
recently highlighted the importance of such outcomes and
indicated the need for a more comprehensive assessment of
both disease progression and treatment efficacy. Thus, they
have proposed a multidimensional measurement for COPD
that encompasses FEV1, the modified Medical Research
Council (MRC) dyspnoea scale and the body mass index
(BMI) [5]. This development reflects the need for better
understanding regarding newly proposed and existing
COPD measures so that researchers and regulatory agencies
can make better informed decisions when assessing new drug
therapies for COPD, but also shows the challenges of
abandoning the traditional outcome measures, such as FEV1
and BMI, that possess no clearly defined relationship with
patient-centred outcomes.

Methods
The ATS/ERS jointly created a Task Force on ‘‘Outcomes for
COPD pharmacological trials: from lung function to biomar-
kers’’ to inform the COPD research community about the
possible use and limitations of current outcomes and markers
when evaluating the impact of a pharmacological therapy.
Based on their review of the published literature, the following

report has been prepared with individual sections that address
specific outcomes and markers, and a summary of their
recommendations.

Task Force selection
Task Force members were selected using the following
criterion: worldwide recognised experts in COPD trials and
in specific COPD outcomes. An initial list was prepared by
those who developed the proposal and this list was integrated
with other names suggested by the ERS Scientific Committee
and by the three reviewers of the application, considering the
expertise in COPD trials and in specific outcomes.

Outcomes assessed
The major sections of the present report are: Lung function;
Patient-reported outcomes; Exacerbations; Exercise; Mortality;
Social and economic burden; Imaging; Nonpulmonary mar-
kers; Minimal important difference; and Biomarkers. Each
outcome measure was assessed by a group of authors using the
set of criteria described in table 1. This assessment was left to
the discretion of the authors. Throughout this process, the
authors have considered an ‘‘outcome’’ to mean a consequence
of the disease that a patient normally experiences. This may be
cough, dyspnoea, weight loss, exercise intolerance, exacerba-
tions, impaired HRQoL, increased health resource use or
mortality. Conversely, a ‘‘marker’’ is a measurement known to
be associated with an outcome; for example, exercise capacity
as tested in a laboratory is a marker of exercise intolerance in
daily life [4].

Literature review
The authors searched the literature according to strategies that
they developed independently. No central literature review or
standardised evaluation for inclusion or exclusion of evidence
was applied. Thus, while the ATS/ERS Task Force has adopted
a comprehensive approach to reviewing the measures reported
in the present report, it does acknowledge that not all measures
and all evidence may have been included due to the amount of
evidence available on each measure in the medical literature.

LUNG FUNCTION
Introduction
COPD is characterised by physiological abnormalities, includ-
ing airflow limitation, abnormalities in gas exchange and lung
hyperinflation. These can be objectively assessed in the
laboratory using measurements such as FEV1, arterial oxygen
tension (Pa,O2) and carbon dioxide arterial tension from blood
gas determinations, as well as lung volumes measured at rest
or during exercise. These markers serve as objective physio-
logical measurements that aid in diagnosing disease, assessing
its severity and analysing the mechanisms underlying some of
its morbidity. In COPD, FEV1 is used in diagnosis and staging,
arterial blood gases are useful in defining respiratory failure
and dynamic hyperinflation helps to explain exertional
dyspnoea [6].

Unfortunately, it is not easy to determine whether a measured
change reflects a true change in pulmonary status or is only a
result of test variability. Appropriate concepts such as
sensitivity to change or responsiveness should be applied.
These concepts account for test variability or variability in the
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measurement of differences at two different time-points.
Repeated measures indicating change from baseline will
provide more confidence that real change has occurred.

Forced expiratory manoeuvre outcomes
FEV1 is the volume of air that is forcibly exhaled in the first
second, whereas forced vital capacity (FVC) is the total volume
of air exhaled after a full inspiration. The methodology for
obtaining forced expiratory manoeuvres and derived para-
meters have been standardised by the ATS and the ERS first
separately and now also jointly [7]. In the general population,
reference equations based on the distribution of spirometric
parameters in normal populations have been made available
by the ATS [8], by the European Community for Coal and Steel
(ECCS) [9] and by studies on different ethnic groups and age
ranges [10]. As such, it is important to carefully consider
reference values that are most likely to represent the popula-
tion to be tested in clinical practice or in multicentre clinical
trials. In COPD patients, the FEV1 has been used to classify
COPD patients by severity [11] and to describe progression
[12] of the disease.

FEV1 and FVC have been shown to be highly reproducible in
the vast majority of patients, with differences between highest
and second highest values within 150 mL or 6%, if obtained by
well-trained technicians. Variability coefficients for FEV1 and
FVC over time (within days, weeks or years) have been
reported [10]. When taking into consideration the degree of
change in FEV1 that would be considered clinically meaningful
by the regulators, a change of 5–10% from baseline values is
considered to be clinically important. During advisory com-
mittee meetings of the US Food and Drug Administration for

new COPD drugs, a change of , 3% of the baseline has been
deemed to be not clinically important [13]. According to ATS/
ERS recommendations for the interpretation of lung function
tests [10], the change in FEV1 should be o 20% in short-term
trials (of weeks of duration) and o 15% in long-term trials
(o 1 yr) to be confident that a clinically meaningful change has
occurred (a summary of these recommendations can be found
in the Minimal important difference section).

Forced expiratory volume in six seconds (FEV6) has recently been
suggested as an alternative to FVC. It has been found to be ,25%
less variable than FVC [14]. The operating characteristics of this
measurement continue to be defined according to reference
values recently published [15, 16]. The diagnostic accuracy for
defining airflow obstruction or restriction seems good [17, 18],
although this depends on the population tested and the use of
appropriate lower limit thresholds to define normality [19]. It has
been suggested that different fixed thresholds (FEV1/FEV6 , 73%
and FEV6 , 82%) [20] are more appropriate than the currently
utilised thresholds for obstruction in international guidelines
(FEV1/FVC , 70% and FVC , 80% predicted).

In terms of health outcomes for the general population, a low
pre-bronchodilator FEV1 has been found to be a predictor of
mortality for all causes and cardiovascular mortality [21–25]. In
COPD patients, post-bronchodilator FEV1 is poorly correlated
with patient-centred outcomes, such as dyspnoea, exercise
performance and HRQoL at baseline or after pharmacological
interventions [26–31]. However, FEV1 has the advantage of
being the most repeatable lung function parameter and one
that measures changes in both obstructive and restrictive types
of lung disease [7]. Therefore, FEV1 has been proposed as a

TABLE 1 Confounder/effect-modifier criteria for assessment of published chronic obstructive pulmonary disease (COPD)
outcomes and markers

Brief description of variable

Has methodology been standardised?

Has the frequency distribution been established

In the general population?

In COPD patients?

Is the variable reproducible?

Has the influence on the treatment been established?

Can the measure be performed during exacerbations of COPD?

Is the variable influencing common comorbidities, e.g. ischaemic heart disease, diabetes mellitus or psychiatric disturbances?

Can the variable be used in multicentre trials?

In order to measure the variable, what is needed?

A questionnaire

Equipment

Time

Training

How much does the measurement of the variable cost?

Cheap

Moderate

Expensive

Are there any safety issues?

Are there any ethical issues?

A confounder can be defined as a variable that can cause or prevent the outcome of interest, is not an intermediate variable and is associated with the factor under

investigation. An effect modifier can be defined as a factor that modifies the effect of a putative causal factor under study.
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discomfort. The net effect of these physiological benefits is
an improvement in the patient’s ability to engage in exercise
[59]. Several studies have also indicated that long-acting
bronchodilators can reduce hyperinflation in COPD, as mea-
sured by RV, FRC and IC, in a manner that is somewhat similar
to that seen with lung volume reduction surgery [49, 60, 61].

During recovery from mild exacerbations, both FRC and RV
were found to decrease, while IC increased and TLC remained
constant [38]. Therefore, IC can be used to reflect changes in
lung hyperinflation during acute exacerbations. Studies have
confirmed that TLC does not change during more severe
exacerbations [38, 62].

These variables can be measured in multicentre trials, possibly
in selected centres. For acute interventions, in which TLC can
be assumed to be constant [63–65], changes in IC are a good
surrogate for changes in FRC. For chronic interventions, in
which TLC may not be constant, changes in IC may not mirror
changes in FRC [60].

In terms of feasibility, FRC and RV measurements require a
body plethysmograph or spirometers with inert gas analysers.
Either method can be used, provided the equipment meets
the standard requirements [42]. However, they are not inter-
changeable, since moderate-to-severe airflow obstruction
dilution methods tend to underestimate and body plethysmo-
graphy tends to overestimate TLC. IC can be measured during
simple spirometry if a closed circuit system is used. Dilution
methods are too time-consuming for serial measurements,
whereas body plethysmography is much less time-consuming
and does not add much time to that necessary for simple
spirometry. IC is part of the spirometric manoeuvre and only
requires a few stable breaths before its measurement. The
reproducibility of pulmonary function test measurements is
critically dependent on the ability of the technician [41].
Measurement of absolute lung volumes is technically more
demanding than simple spirometry and specific training is
necessary. The equipment for measuring lung volumes is
substantially more expensive than simple spirometers. Body
plethysmographs are more expensive than dilution equipment
but the extra cost may be neutralised by time saving.

Gas exchange
The diffusing capacity of the lung for carbon monoxide (DL,CO)
is a measure of carbon monoxide (CO) transfer from the
airspace to pulmonary capillary blood; it is expressed as the
total uptake of CO by the lung per unit of time and per unit of
driving pressure [66, 67].

The methodology of the single-breath method has been
standardised by the ATS and the ERS first separately [66, 67]
and then jointly [68]. For the general population, reference
equations based on the distribution of DL,CO values in normal
populations have been made available by studies on different
ethnic groups and age ranges [69–71]. DL,CO has been used to
quantify the extent of emphysema in COPD patients [72].
Measurements have been made before and after rehabilitation
[73] and have been used to assess patients for lung volume
reduction surgery [74, 75].

The measure of DL,CO is reproducible even if the inter-
laboratory coefficient of variation is larger than for spirometry

measurements. Acceptable DL,CO test criteria have been
standardised [68]. A coefficient of variation of 3–4% has been
reported in repeated measurements in normal subjects and in
patients with abnormal spirometric patterns. An inter-sessional
DL,CO variability of f 9% over time has been reported [76–79].

The influence of DL,CO on health outcome has not been
established in the general population, whereas in COPD
patients it has been used in the evaluation of surgical risk,
particularly for lung cancer and other thoracic surgery [80].
DL,CO has also been used in studies evaluating the effects of
lung volume reduction surgery [74, 75], rehabilitation [73] and
therapy for a1-antitrypsin deficiency [81, 82]. However, it is a
measure that can only be performed in stable conditions rather
than during exacerbations of COPD.

DL,CO has been used as a primary outcome variable in
multicentre trials, particularly in studies of lung volume
reduction surgery [75, 76]. It can be measured using different
types of equipment, provided they meet the standard require-
ments [66, 67]. The measurement takes 15–30 min and its
reproducibility is critically dependent on the ability of the
technician and on the achievement of acceptable test criteria
[66, 67]. Therefore, specific training is mandatory for the
technical staff [66, 67]. The cost of DL,CO equipment is variable
but rather expensive. It is not available in primary care
although it can be used for limited clinical trials, provided
accuracy requirements are met [66, 67]. Discomfort, light-
headedness or even syncope may occur if multiple prolonged
exhalations are required for measurement of DL,CO. There is
also the possibility of infection transmission, although direct
evidence has not been provided. General considerations for
pulmonary function testing also apply to DL,CO equipment and
procedures [41].

Pa,O2 is a measurement of arterial oxygen partial pressure and
it can be determined by direct blood sampling. Some
investigators have utilised arterialised earlobe capillary blood
to assess Pa,O2, although potential for underestimation of
arterial oxygenation has been suggested by several groups [83,
84]. Conversely, arterial oxygen saturation (Sp,O2) can be
measured directly [85–87] or indirectly with the aid of pulse
oximetry [88, 89].

Neither the ATS nor the ERS have standardised the methodol-
ogy for both these variables. However, there are many studies
in the literature that consider the methodology, techniques and
equipment required to measure arterial blood gases [85, 90, 91].
The frequency distribution of blood gas values has been
established for the general population; reference equations
based on the distribution of Pa,O2 in normal populations have
been made available by studies on different ethnic groups and
age ranges [92, 93]. In COPD patients, Pa,O2 has been used to
define respiratory failure (Pa,O2 , 7.98 kPa (, 60 mmHg)) and it
was included for adopting treatment strategies in COPD based
on severity classification and disease progression [11]. In terms
of measurement reproducibility, modern blood gas analysers
are automated self-diagnostic instruments that require mini-
mal maintenance. Calibration of the machine’s electrodes is
important to correct for any drift in the measurements over
time [85–87]. A coefficient of variation of 3–4% has been
reported for many available pulse oximeters [90, 91].
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offered for consideration by the patient. The patient then
grades the severity of dyspnoea for each activity on a 1–7
(‘‘extremely short of breath’’ to ‘‘not at all short of breath’’)
Likert-type scale; in other words, for each of the five activities
that are either individual specific or standardised, a score of 1–
7 is allotted. The mean score across completed items is
calculated and yields a score for the CRQ dyspnoea domain
ranging 1–7. In COPD patients, the scores for the dyspnoea
domain of the CRQ are normally distributed [145] and they are
reproducible in the short (2 days–2 weeks) and long term.

Although the CRQ has been used to measure HRQoL in
RCTs evaluating pharmacotherapy in patients with COPD, in
most of these studies the complete scores for the dyspnoea
domain were not reported [160, 162–164]. In a study
examining the efficacy of a pharmacological intervention
using the dyspnoea domain of the CRQ [165], there were no
significant differences among three treatment groups (salme-
terol and placebo; salmeterol and ipratropium bromide; and
placebo). In an observational study [36], the dyspnoea
domain of the CRQ was shown to be a valid and responsive
measure of acute changes in dyspnoea associated with a
COPD exacerbation. In an RCT [161], patients had significant
improvements in the dyspnoea domain (p5 0.02) after 10 days
of treatment for an exacerbation of COPD with prednisone
plus standard therapy (+1.69 units) compared with placebo
plus standard therapy (+0.97 units).

In a similar manner to previous types of dyspnoea measure-
ment, it is possible that cardiac disease could influence the
severity of dyspnoea. However, in RCTs involving patients
with COPD, those patients with clinically significant cardiac
disease are typically excluded from entry into the studies.

The measurement of the dyspnoea domain of the CRQ can be
used in multicentre trials [160, 162–165]. For the recommended
SAS version, no specific training is required. It takes ,10 min
to administer with an interviewer, compared with ,7 min for
the self-administered version [115, 116]. For the original CRQ
instrument, an interviewer, a list of 26 activities that might
cause dyspnoea and Likert scoring cards are required. The
interviewer should have a basic knowledge of respiratory
disease and scoring on the Likert-type scale. Any cost of either
version is based on the intended use of the questionnaire, as
determined by McMaster University, Hamilton, ON, Canada.

Ratings during exercise
Another approach is to instruct patients to report the severity
of dyspnoea while performing an exercise task, such as cycling
or walking. Various exercise protocols have been used,
including incremental and constant work exercise tests.
There are two common methods for COPD patients to rate
their dyspnoea during an exercise test: the 0–10 category ratio
(CR10) scale and VAS.

The CR10 scale incorporates nonlinear spacing or verbal
descriptors of severity corresponding to specific numbers with
ratio properties [166].

VAS consists of a vertical or horizontal line, usually 100 mm in
length, with descriptors typically positioned at the extremes of
the scale as anchors.

There are several advantages of using the CR10 scale rather than
VAS for rating dyspnoea during exercise. First, the CR10 is
open-ended as there is an opportunity to provide a rating . 10,
whereas VAS has a ceiling effect (the highest possible rating is
100 mm). Secondly, the presence of descriptors on the CR10
scale allows direct comparisons between individuals or groups.
Thirdly, the CR10 scale should be easier for patients to use for
exercise prescription. The use of a number or descriptor on the
CR10 scale (e.g. a rating of 3 or moderate breathlessness) would
be more relevant as a dyspnoea target for exercise training,
rather than a length in millimetres on the VAS. The CR10 scale
has been combined with a continuous method for patients to
rate dyspnoea [167]. With this system, the subject moves a
computer mouse that adjusts a vertical bar positioned next to
the CR10 scale so that patients can provide ratings ‘‘whenever
there is a change in breathlessness’’ throughout exercise, rather
than ‘‘on cue’’ at each minute of exercise [167–169].

In general, ratings during exercise provide different and
distinct information than that obtained by clinical ratings of
dyspnoea [141].

The CR10 scale
In 1982, BORG [166] developed a 0–10 rating scale constructed
as a category scale with ratio properties. This CR10 scale
incorporates nonlinear spacing of verbal descriptors of severity
corresponding to specific numbers and ratio properties of
sensation intensities. The CR10 scale provides a standard
method for patients to select ratings of dyspnoea on a scale
based on descriptors that correspond to specific numbers. The
patient should be given specific written instructions on how to
use the CR10 scale to rate dyspnoea prior to the exercise test
[170]. During the incremental or constant work exercise test,
the patient is typically cued to indicate a rating toward the end
of each minute or each new workload. An alternative approach
enables the subject to provide continuous ratings of dyspnoea
(‘‘whenever there is a change in breathlessness’’) by moving a
computer mouse that adjusts a vertical bar positioned adjacent
to the CR10 scale visible on a monitor [167–169].

With respect to frequency distribution of the CR10, there is a
wide range of dyspnoea ratings among patients with COPD
[169, 171]. It is a reproducible measure in the short (i.e. 2 days–
2 weeks) and long term. It has been determined from factor
analyses that dyspnoea ratings during exercise tests are
separate and distinct from lung function and exercise capacity
[145]. These ratings have also shown to be responsive to
various pharmacotherapies in patients with COPD [29, 49, 50,
169, 172, 173]. However, it is not recommended to be
performed during exacerbations of COPD.

In multicentre studies, patients have successfully rated the
severity of dyspnoea on the CR10 scale during exercise tests as
part of RCTs evaluating various pharmacotherapies [29, 49, 50,
169, 172, 173]. Again, similar to the other measures of
dyspnoea, it is possible that cardiac disease could influence
the severity of dyspnoea.

The ratings of dyspnoea on the CR10 scale are typically
obtained from an exercise task, such as cycle ergometry or
treadmill walking. For the continuous method for patients to
rate dyspnoea, a computer with a mouse, a monitor with the
CR10 scale, and the programme to operate the system are
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indicating the magnitude of the change they perceived. The
smallest difference in walk distance (95% CI) that patients were
able to perceive was 54 (37–71) m.

Suggested MID

The ATS guideline on 6MWT [458], the report of REDELMEIER et
al. [462], the information from the NETT [230], and a recent
summary by WISE and BROWN [439] support a 6MWD MID
range of 54–80 m.

Constant work rate tests at submaximal exercise intensity
Constant work rate tests performed at a submaximal exercise
intensity are being increasingly used as an outcome measure in
studies of COPD, largely because they have the additional
advantage of indicating mechanisms leading to improved
exercise. However, only a few recent studies use this measure
[49, 225, 463]. The outcome of constant work rate tests at a
submaximal exercise intensity is the duration of the exercise
(min) that patients can perform. As recently emphasised by
CASABURI [464], methodological issues may limit the interpreta-
tion of utility of this measure. The choice of initial exercise
intensity is a major factor in the increase in exercise duration that
can be seen on repeated testing. If the baseline exercise intensity
chosen is too low, then subjects may have an almost unlimited
duration of exercise following a therapeutic intervention.

Statistical MID estimate

O’DONNELL et al. [49] performed submaximal exercise tests on
187 subjects with severe COPD and hyperinflation. Mean FEV1
was 41% pred, TLC was 119% pred and RV was 198% pred.
Submaximal exercise was performed at 75% of maximal work
assessed on incremental cycle ergometry. Mean¡SD baseline
exercise duration prior to treatment was 492¡290 s. A half SD

MID estimate based on baseline exercise capacity is 145 s
(2.4 min). Improvement following tiotropium was 105 s
greater than with placebo for a modest effect size of 0.36
(mean change divided by baseline SD).

OGA et al. [213] evaluated three types of exercise tests (submax-
imal exercise test, 6MWT and incremental cycle ergometry) in
response to oxitropium in patients with COPD. The endurance
exercise test was performed at 80% of maximal work achieved
during an incremental cycle test. In 42 consecutive male COPD
patients with a mean FEV1 of 42% pred, mean¡SD baseline
submaximal exercise endurance time was 189¡92 s, half that
seen in the study by O’DONNELL et al. [49]. Thus, the half SD MID
estimate based on this study is 46 s. The mean change following
oxitropium was 34 s, with a calculated effect size of 0.37.

External measure-based MID

There has not been a rigorous evaluation of external-based
MID estimates for submaximal exercise tests, and investiga-
tions of exercise performance have not simultaneously
evaluated other outcomes. For example, the study by
O’DONNELL et al. [49] was an RCT, and the average improve-
ment following tiotropium compared with placebo after
42 days of treatment was 105 s (1.75 min). This investigation
did not assess other outcomes, but in other studies of
bronchodilators, quality-of-life outcomes have reached the
threshold for MCID. In addition, studies of oxygen therapy
and exercise training have shown improved submaximal

exercise performance in some studies, while from other studies
it appears that these same interventions improve HRQoL.

Suggested MID

From this discussion, the MID range for submaximal exercise
endurance time on a cycle ergometer may be 46–105 s (0.77–
1.75 min). In a recent review, CASABURI [464] suggested an MID
of 105 s (1.75 min). Further investigation of the MID for
submaximal exercise is clearly warranted.

Maximal exercise test
Maximal cardiopulmonary exercise tests have infrequently
been used as outcome measures in clinical studies of patients
with COPD. However, this laboratory test is familiar to many
pulmonary physicians and has the advantage of assessing the
physiological limitations to exercise, as well as providing an
objective measure of exercise performance. Test–retest relia-
bility has been reported by COX et al. [465] as good, with a
reliability coefficient of 0.96.

Statistical MID estimate

In NETT, maximal exercise performance was used as a
primary outcome measure [218]. Using the half SD estimate
in NETT demonstrates a 10.5–11.1-W MID; however, the SE

approach resulted in an MID of only 0.9 W [438].

Professional opinion-based MID

Prior to dissemination of the results of NETT, the investigators
were asked their opinion of an MID in the context of lung
volume reduction surgery. A value of 10 W was chosen by the
investigators as the MID.

External measure-based MID

In NETT, the mean change in exercise capacity at 2 yrs in patients
receiving lung volume reduction surgery compared with
patients receiving medical therapy was 10.9 W. In the cohort
not at risk of short-term mortality, there was also a significant
improvement in HRQoL, as measured by the SGRQ [218].

Suggested MID

In the context of lung volume reduction surgery, 10 W may be
the MID for maximal exercise workload. However, an MID for
other interventions has not been established.

Lung function and FEV 1

The universally used measure of lung function in clinical
studies of COPD is FEV1. However, this measure of pulmonary
function, currently recognised as only one of the key
components necessary to fully characterise patients with
COPD, has statistically significant but weak correlations with
other patient-centred outcomes, such as dyspnoea [436].
Therefore, FEV1 is only one (and an imperfect) method of
assessing outcomes that are important to patients in more
recent studies in patients with COPD. Despite its widespread
use and the large number of clinical investigations that have
simultaneously measured FEV1 and other patient-centred
outcomes, there has been relatively little effort to determine
an MID for FEV1. Furthermore, the definition of the MID calls
into question the value of pulmonary function measures as
being important for patients or leading to change in manage-
ment. Nevertheless, as recently reviewed by DONOHUE [466], an
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MID for FEV1 of 100 mL can be suggested. However, a more
rigorously defined MID for FEV1 is needed. A single MID
estimate may be difficult to establish for several reasons. First,
baseline severity of the underlying disease assessed by FEV1 is
likely to be important. In this regard, change in FEV1 after
bronchodilator therapy is less marked in terms of absolute
change in FEV1 in patients with lower baseline lung function.
Secondly, some patients have a greater degree of response to
short-acting b-agonists, which may be associated with a widely
variable response to other therapeutic agents. Thirdly, FEV1
has been used as an outcome at different time-points after
therapy. FEV1 can be a short-term outcome measuring peak
response over minutes to hours, a longer-term outcome over
hours or days, as a ‘‘trough’’ response prior to the next
treatment dose, and as a very long-term outcome over years.
Fourthly, a recent study [467] indicated a greater variation in
spirometry performed in clinical practice settings compared
with pulmonary function laboratories.

Statistical MID estimate
Three spirometry manoeuvres must be performed for a test to
be acceptable. The recent ATS/ERS spirometry standards note
that at a single evaluation the two largest FEV1 values must be
within , 150 mL for an acceptable test [7]. This standard is also
suggested by the study by ENRIGHT et al. [468], which showed
90% of 18,000 patients were able to reproduce FEV1 by 120 mL
during a single test. However, patients with moderate-to-
severe pulmonary dysfunction, demonstrated higher variabil-
ity in terms of FEV1 % pred but less variability when assessed
as absolute volume (42–58 mL). In the Lung Health Study
[469], spirometry performed 17 days apart showed an average
absolute difference between the two tests of 110–123 mL. This
reported variability of FEV1 within a single test and over a
short period of time would suggest that a minimal detectable
FEV1 difference over time in response to an intervention might
be o 110–150 mL in patients with less severe disease, but may
be lower in patients with more severe pulmonary dysfunction.

Further information can be obtained using the statistical
approach to estimating MID from studies of large populations.
The largest study of reproducibility of spirometry over a short
term was reported from the Lung Health Study [469], where
spirometry was repeated after 17 days. Spirometry was
performed 17 days apart in 5,885 subjects with a mean post-
bronchodilator FEV1 of 2.75 L (78% pred). In this population,
with only mild COPD, the coefficient of variation of FEV1 was
4.1–4.9%. The SD of FEV1 values seen in this untreated
population at entry was 620 mL. Using the half SD approach
to FEV1, the MID estimate from the Lung Health study [469]
was 310 mL.

However, MID estimates based on patients with near-normal
lung function may not be appropriate for patients with more
severe disease. For example, in a recently reported study of 526
COPD patients enrolled in a clinical trial of N-acetylcysteine
[187] FEV1 was 1.65 L (57% pred) with an SD of 380 mL. In
another study more typical of clinical trials in COPD [470], 71
subjects in a crossover trial comparing tiotropium and
formoterol had a mean FEV1 of 1.94 L (37% pred) with an SD

of 290 mL. In a study of the effects of tiotropium on
exacerbations, pre-treatment FEV1 was 1.60 L with an SD of
400 mL (35.6% pred) [37]. Applying the half SD MID estimate

to these clinical therapeutic trials of patients with symptomatic
COPD indicates a statistical MID estimate of 145–200 mL.

Professional opinion-based MID
There are different perspectives on the change in FEV1 felt to
be ‘‘significant’’ by professional organisations and clinical
guidelines. The ATS/ERS and GOLD suggest that a ‘‘sig-
nificant’’ response during one test session is a change of . 12%
or 200 mL, whichever is greater [2]. However, this stipulation
may simply indicate an improvement that is outside the range
observed in normal individuals in response to a short-acting
bronchodilator. The ERS has previously suggested that a
change of 9% pred (,250–300 mL) is a significant response to
short-acting bronchodilators [9].

Patient opinion-based MID
One cross-sectional survey [471] asked 120 patients with COPD
to compare their shortness of breath with other subjects
enrolled in a pulmonary rehabilitation programme. There
was a weak correlation of FEV1 and self-reported dyspnoea
(r5 0.29). An FEV1 difference of 4% (or 112 mL) was associated
with patients rating their dyspnoea as either slightly better or
slightly worse than other patients.

Anchor-based MID
Although not rigorously evaluated to determine an MID,
general results of published investigations in which FEV1 was
assessed simultaneously along with other outcomes can
provide insight into an FEV1 MID in COPD. Further studies
are necessary to refine the FEV1 MID. Data from previously
published clinical trials in COPD are likely to provide
improved estimates of MID.

One study evaluated the relationship between change in FEV1
and clinical outcomes of acute exacerbations of COPD. In a
study by NIEWOEHNER et al. [37] of acute exacerbations of
COPD, FEV1 change was associated with clinical response to
treatment. An FEV1 improvement of , 100 mL was associated
with a higher relapse rate.

Other studies have shown improvement in FEV1 and effects on
exacerbations, but these investigations have not been rigor-
ously analysed to determine a precise MID. In an emergency
department study of 147 patients, oral corticosteroid therapy
was associated with a mean 140 mL improvement in FEV1
compared with patients treated with placebo. This change in
FEV1 was associated with fewer relapses.

Suggested MID for FEV1
Table 5 summarises estimates for FEV1 MID using different
approaches. As outlined by DONOHUE [466], further research
including additional expert opinion is needed. Because these
approaches result in different estimates and there has not been
extensive literature addressing the MID for FEV1, an appro-
priate range of values for the MID for FEV1 might be 100–
140 mL.

Other pulmonary function measures
Due to the cost and complexity of measuring lung volumes,
diffusing capacity and arterial blood gases, these features have
not been widely employed in research studies of therapeutic
outcomes in COPD studies. Therefore, there is limited
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biopsies and studied in isolation, using new techniques recently
developed, such as laser microdissection [489].

Problems
There are, however, several limitations to bronchial biopsies as
an outcome measurement in COPD. Since this is an invasive
procedure, it may be difficult to recruit patients, especially in
the studies investigating treatment effects, which require two
biopsies (pre- and post-treatment). The biopsy of proximal
airways may not closely reflect all the pathological changes
present in peripheral airways and lung parenchyma, which are
the sites responsible for airflow limitation in COPD. Moreover,
it may not be possible to apply this procedure to patients with
more severe disease, complicated by cardiac comorbid condi-
tions and often associated with significant oxygen desaturation
and hypercapnia [490]. There is also a relatively high
variability in baseline measurements of inflammatory cells,
which would require multiple biopsies. Finally, since studies
evaluating the effect of treatment should be designed to
provide a power o 80%, a large number of patients for each
treatment group is usually required.

Bronchoalveolar lavage
BAL has the advantage, unlike bronchial biopsies, of sampling
inflammation in the lung periphery. BAL can generally be
safely performed [490], providing careful assessment is
performed and guidelines are adhered to. In general, fluid
recovery is greater in patients with less extensive emphysema,
as assessed by diffusion capacity [491]. BAL may be performed
in the same patients as bronchial biopsy, thus providing
additional and complementary information.

Cellular composition
The cellular composition in individuals with COPD is
predominantly (. 80%) alveolar macrophages, with some
neutrophils and T-lymphocytes, and some patients having
increased numbers of eosinophils. In general, the percentages
of macrophages and neutrophils are significantly higher than
in healthy nonsmokers, and also frequently reported in healthy
smokers. Studies investigating individuals with COPD,
healthy smokers and ex-smokers show that, generally, smok-
ing is associated with increased numbers of neutrophils.
Lymphocytes are generally higher in ex-smokers than in
smokers, whether with or without COPD. Moreover, some
patients with COPD have higher eosinophil percentages than
healthy smokers, a finding that is not consistently shown in
publications. Alveolar macrophages may be separated by
adhesion and cultured in vitro. Macrophages from COPD
patients behave abnormally in tissue culture, with increased
expression of inflammatory proteins, such as tumour necrosis
factor (TNF)-a, IL-8 and matrix metalloprotein (MMP)-9 [492,
493]. It may be possible in the future to study the effects of
treatment in patients on cellular behaviour in vitro.

Mediators
Several mediators can be measured in BAL fluid. Levels of
eosinophil cationic protein, myeloperoxidase and IL-8 are
frequently increased in COPD patients and in healthy smokers
compared with healthy nonsmokers, an observation suggest-
ing that smoking induces the changes rather than COPD itself.
Two studies investigated tryptase and histamine levels and

showed that COPD patients had higher levels as well,
suggesting mast cell activation in COPD [494, 495]. However,
data were not compared with healthy smokers, and thus the
increase in mast cell mediators may be completely attributed
to smoking itself. This is also suggested by findings that
adenosine monophosphate responsiveness diminishes after
smoking cessation [496]. Studies investigating other mediators
have not been replicated and are not discussed herein.

Effect of smoking and disease severity
In one study [497] smokers with COPD had lower mast cell
numbers in BAL than ex-smokers with COPD; no other studies
have compared smokers and ex-smokers with COPD. Only one
study has investigated the association between the severity of
COPD and BAL inflammation and shows that healthy smoking
males with near-normal FEV1 present signs of inflammation in
the lower airways that are related to a decrease in DL,CO and to
emphysematous lesions on HRCT [498]. This inflammation
seems to be the result of macrophage and neutrophil
activation, as assessed by mediators measured in BAL. In
contrast, in a healthy population, the number of inflammatory
cells did not correlate with lung function decline over a 4-yr
follow-up. However, higher levels of neutrophil elastase-a1
protease inhibitor complexes in BAL fluid were significantly
correlated with an accelerated decline in FEV1 [499]. This also
suggests that the number or percentage of cells is not a
prerequisite for the development or progression of emphy-
sema, but that the activation state of these cells with
accompanying mediator release is important.

Effects of interventions
There are few published studies of the effects of different
treatments on BAL cellular and mediator components. Three
studies, one open label and two double-blind, assessed the
effect of different types of inhaled corticosteroid for various
periods of treatment on inflammatory cell counts and
mediators in BAL. Though the numbers of patients involved
were small, precluding firm conclusions, these studies suggest
that there may be a reduction in the percentages of neutrophils
and lymphocytes with inhaled corticosteroid treatment; how-
ever, long-term studies in larger populations must elucidate
whether this is indeed the case. Some studies have investigated
the effects of smoking cessation on BAL composition, showing
inconsistent decreases in cell numbers, particularly macro-
phages [500, 501].

Problems
BAL is an invasive procedure and may cause more discomfort
to the patient than bronchial biopsy. It may also cause transient
fever [490]. The return of fluid is often reduced in COPD
patients, resulting in samples that are inadequate for analysis.
The quantification of biomarkers in supernatant is a problem
as there is no satisfactory marker for the dilution of the saline
lavage. This is one of the factors that may contribute to the
variability in measurements and the necessity for relatively
large numbers of patients.

Sputum
Many COPD patients produce suitable sputum spontaneously,
but spontaneous sputum may contain a high proportion of
dead cells [502], which potentially provide misleading cell
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