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Abbreviations used

AHR: Airway hyperresponsiveness

BNP: Brain natriuretic peptide

COPD: Chronic obstructive pulmonary disease

CV: Coefficient of variation

FENO: Fraction of exhaled nitric oxide

ICS: Inhaled corticosteroid

LR: Likelihood ratio

NO: Nitric oxide

NPV: Negative predictive value

PPV: Positive predictive value

VTE: Venous thromboembolism
A biomarker provides a window on underlying disease activity.
This is helpful when the pathology, treatment response, or both
are heterogeneous or when trying to interpret nonspecific
respiratory symptoms in patients with comorbidities. The
successful application of a biomarker result is critically
dependent on the specific question being addressed and the
performance characteristics of the biomarker in relation to that
question in the context of pretest probabilities. Negative
prediction might be the best way to use a biomarker, such as a
D-dimer, pro–brain natriuretic peptide, and exhaled nitric
oxide. In this review the role of biomarkers in airways disease
(notably induced sputum eosinophils and exhaled nitric oxide) is
considered in relation to risk stratification, identification of
treatment responders, identification of a clinical phenotype,
monitoring of disease, and new drug development. (J Allergy
Clin Immunol 2011;nnn:nnn-nnn.)
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A biomarker is a surrogate measurement designed to charac-
terize and quantify an underlying disease process.1,2 The need for
high-performance biomarkers in respiratory disease is especially
great. For most nonmalignant pulmonary conditions, confirma-
tion of the underlying pathology by means of tissue biopsy is
rarely undertaken: the cost/benefit ratio is too high. Instead, imag-
ing is used to assess anatomic abnormalities associated with
disease (eg, chest radiography), measurements of respiratory
physiology are obtained to identify disturbances of function (eg,
spirometry), or both. However, there are significant limitations as-
sociated with these conventional methods.3 Changes in structure
and function are the consequences of pathology and might occur
only intermittently, as in asthma, or later if the process is contin-
uous over time, as in chronic obstructive pulmonary disease
(COPD). In disease that is mild, early, or both, the structure and
function might appear normal, even though the patient has symp-
toms. In patients with complex disease, especially if there are
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comorbidities, symptoms are nonspecific and multifactorial,
and confirming their exact cause is difficult. Symptoms are not
always related to changes in structure or function. These clinical
realities are what make a biomarker potentially useful. Indeed,
biomarkers of underlying disease activity occupy a different do-
main to measurements of structure and function4 and provide
complementary information.

Importantly, the use of biomarkers has the potential to unravel
heterogeneity. There is heterogeneity in the pathologies of asthma,
COPD, and their overlap syndromes. In turn, this results in
heterogeneity as to the clinical phenotype and, even more impor-
tantly, treatment response. For example, in asthmatic subjects
airway inflammation characterized by sputum eosinophilia is
associated with frequent exacerbations (clinical phenotype),5

whereas airway inflammation characterizedby neutrophilia has rel-
ative steroid resistance (treatment response).6 Being able to distin-
guish clinical and treatment-response phenotypes using a relevant
biomarker has the potential to improve clinical management.

The list of requirements for a good biomarker is demanding
(Table I). Rigorous biological and clinical validation is necessary
before a biomarker can be endorsed. However, beyond the meth-
odologic issues (limits of detection, precision, accuracy, and
reproducibility), there are technical aspects specific to the respira-
tory tract that add further complexity to biomarker development.
In contrast to blood or urine, sampling exhaled breath or airway
secretions is problematic and requires standardization. The
respiratory tract does not provide a uniform source of ‘‘substrate.’’
Factors such as oropharyngeal contamination, dead-space gas,
and expiratory flow affect sampling techniques. There is no
easy way around the methodologic complexities. Recent ad-
vances have provided a bewildering array of measureable com-
pounds that are related to the pathophysiology of airways
disease, and in theory they might be used as biomarkers. How-
ever, the transition from ‘‘bench to bedside’’ for a clinically useful
biomarker is a protracted exercise, with many false starts and
blind alleys.
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The aim of the present review is to discuss key issues in the
application of biomarkers in the treatment of respiratory disease.
It is not the purpose of this review to address the technical aspects
of biomarker measurement or the specifics of their application.
The reader is directed to the recent review by Diamant et al,7

which deals with this topic. Likewise, it is not our purpose to pro-
vide an account of exhaled nitric oxide (NO) as a biomarker in
clinical practice. However, given the present author’s research ex-
perience in that field, we will refer to evidence based on exhaled
NO research to illustrate and inform the general concepts under
discussion.
USING A BIOMARKER: WHAT ARE THE CLINICAL

OBJECTIVES?
Themeasurement of a biomarker can have several objectives. It

is important to understand those that can and, just as importantly,
those that cannot be served by making the measurement. There
are several domains (Table II), and the proven utility of a bio-
marker in one domain may not be the case for another.
Risk stratification
Risk stratification has the potential to enhance strategies for

disease prevention. This is established practice for cardiovascular
disease by using demographic (sex) and comorbidity (diabetes
and hypertension) data combined with blood glucose and cho-
lesterol measurements.8 Regrettably, there are no examples in
respiratory medicine in which biomarkers are used in this way.9

However, this ought to be our aim.
GLOSSARY

ANTI–IL-5: Humanized biologic antibodies blocking IL-5–induced eosi-

nophilopoiesis and trafficking to the lungs, gastrointestinal tract, and

skin have been used in therapeutic trials for asthma, hypereosinophilic

syndrome, and eosinophilic esophagitis.

ASTHMA CONTROL TEST: A 5-point asthma index that is filled out by

the patient and that can indicate incomplete asthma controlwhen scores

are 19 or less. The ACT can also be used as a predictive index for

response/need for therapy, as well as an index of adequate asthma

control.

COEFFICIENT OF VARIATION (CV): The CV is calculated by dividing the

SD by themean and reflects the scatter of a given variable. Although the

SDvaluesof 2 variablesmight be difficult to compare directly, the CV can

be used to compare the variability between 2 factors because it is

calculated as a proportion. This is also true when comparing the scatter

for variables expressed in different units.

EXHALED NITRIC OXIDE (NO): NO is produced by several airway cell

types, including epithelial cells, and its levels are increased in patients

with atopic asthma and rhinitis. Exhaled NO can be used to predict

inhaled corticosteroid response and relapse on discontinuation of

therapy.

NEGATIVE PREDICTIVE VALUE (NPV): The NPV is the likelihood that a

person with a negative test result actually does not have the disease in

question. It is calculated by dividing the number of true-negative results

by the total number of negative test results (true-negative plus false-

negative results).

POSITIVE PREDICTIVE VALUE (PPV): The PPV is the likelihood that

someone with a positive test result actually has the disease in question.

The PPV is a reflection of the test and not the disease itself and is

calculated by dividing the number of true-positive results by the number

The Editors wish to acknowledge Seema Aceves, MD, PhD, for preparing th
In patients with COPD, longitudinal studies have identified that
increased inflammatory markers are associated with increased
future risk of morbidity and mortality. Dahl et al10 have reported
that a decrease in lung function over a 6-year period was 3 to 4
times greater in relation to a baseline plasma fibrinogen level of
greater than 3.3 g/L. Later, these authors reported that mortality
in patients with COPD was significantly increased in patients
whose baseline measurement of C-reactive protein was greater
than 3 mg/L.11 Although in that study mortality was not always
caused by COPD, having a marker that, combined with other
parameters, identifies subjects at particular risk of end-stage
disease is highly desirable, and further work in this area would
be rewarding.12

There have been previous attempts to assess the risk of
childhood asthma based on clinical parameters.13 More recently,
Caudri et al14 combined a number of factors to optimize risk
stratification for the development of persistent childhood asthma.
After obtaining information at age 4 years about wheezing
frequency, eczema, and parental atopy, the addition of serum
IgE (increased; yes/no) and exhaledNO (as a continuous variable)
enhanced the power to predict persistent asthma at age 8 years
(Fig 1).14 Debley et al15 have also reported that baseline exhaled
NO measurement can be used in infants (mean age, 15 months;
range, 6-24 months) as a predictor of wheezing requiring inter-
vention over the next 6 months with anti-inflammatory treatment
(area under the curve, 0.890), decrease in lung function (area un-
der the curve, 0.830), or both. In that study the performance of ex-
haled NOmeasurement was not improved by the addition of other
variables as predictors. Further longitudinal studies are required
to confirm whether single markers or combinations of clinical
of true-positive plus false-positive results. True-positive results repre-

sent patients with a positive test result and disease and false-positive

results are patients with a positive test result but without disease.

PRETEST PROBABILITY: The pretest probability is the probability of the

disease in the target population before the result of the diagnostic test is

known. The calculation is done by calculating the number of patients

with the disorder among all of the patients with symptoms of the

disorder who both do and do not have the disorder.

PRO–BRAIN NATRIURETIC PEPTIDE (PRO-BNP): Although first iso-

lated from the brain, the cardiac ventricles are the main source of

BNP. BNP inhibits renin and aldosterone, decreases sodium retention,

and increases glomerular filtration rates. BNP can function as an

indicator of increased ventricular mass and a surrogate marker for

heart failure.

PROTEOMICS: Proteomic technology is aimed at the discovery of

proteins in the pathogenesis or presence of a disease state. Techniques

such as 2-dimensional gel analysis, peptide sequencing, or antibody

arrays can be used to find both known and unknown proteins.

STEROID RESISTANCE: Glucocorticoid-resistant asthma is defined

clinically as continued airflow obstruction and airway inflammation

despite adequate glucocorticoid therapy. Mechanisms of resistance

include induction of the b isoform of the glucocorticoid receptor (GCR)

through alternative splicing. GCRb binds to DNA but does not activate

transcription.

TNF-a: TNF-a is produced by dendritic cells, mast cells, eosinophils,

CD41 T cells, airway cells (eg, epithelial and smooth muscle cells), and

fibroblasts. Increased TNF-a levels are seen in patients with severe re-

fractory asthma, and TNF-a blockade might be a useful therapy in this

subset of patients.

is glossary.



TABLE I. Characteristics of the ideal biomarker

In relation to its measurement (all of the following are required):

1. Is minimally invasive

2. Is easily measured

3. Is reproducible

In relation to clinical application (not all of the following apply to every

biomarker):

4. Indicates a key pathophysiologic process in relation to the disease of

interest, either as a pathogenic mediator or an epiphenomenon

5. Can be used to confirm a diagnosis or identify a particular clinical

phenotype

6. Can be used to identify a treatment response phenotype

7. Is responsive to changes in disease activity

8. Is responsive within a timeframe that precedes changes in clinical status

and permits preemptive intervention

9. Is responsive to changes in disease activity that are mediated by

treatment intervention

10. Demonstrates a dose-response relationship and thus can be used to

guide treatment requirements

11. Demonstrates a dose-response relationship and thus might be used to

guide treatment requirements

12. Can be used to predict future clinical or adverse outcomes

TABLE II. The possible clinical domains in which a biomarker can

be applied

1. Risk stratification in subjects or populations

2. Screening for undiagnosed or latent disease

3. Diagnosis:

d linking a clinical syndrome to an underlying pathologic process

d staging

4. Disease monitoring:

d current disease activity

d guidance as to treatment requirements and subsequent response to

intervention

d prognosis/future risk

FIG 1. Predicted probability (as a percentage) for wheezing at age 8 years

based on FENO values (parts per billion, log scale) measured at age 4 years,

adjusted, and stratified for specific IgE levels, maternal allergy, doctor-

diagnosed eczema, and wheezing frequency at age 4 years. Different lines

represent children with different subsets of risk factors. From Caudri et al14

and reproduced with permission from the BMJ publishing group.
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and biological variables may be used to distinguish a clinical phe-
notype (ie, chronic persistent asthma) from among a heteroge-
neous population of wheezy infants.
Screening for latent disease
Understandably, the role of biomarkers to screen for undiag-

nosed disease is being pursued vigorously in the field of lung
cancer, notably by using proteomics,16 but the challenges are im-
mense, and to date, no candidate or array of candidatemarkers has
been validated. There is also a potential role for biomarkers in
patients with occupational asthma. It is recognized that atopy is
a risk factor for sensitization, particularly to high-molecular-
weight agents. However, sequential testing for agent-specific
sensitization, airway hyperresponsiveness (AHR), or both does
not appear to add value to simple questionnaires.17,18 Perhaps
there is a role for a relevant biomarker? Acutely, exhaled NO
levels increase after exposure to occupational agents in sensitized
subjects.18,19 But can changes over time be used to predict the
advent of exposure-related sensitization? Recently, Tossa et al20

reported that among at-risk apprentices, a progressive increase
in exhaled NO levels from baseline to 15 months was associated
with the advent of occupational AHR. The key question is
whether such findings translate into sufficiently high positive
predictive values (PPVs) to make interval measurements of the
biomarker worthwhile in individual subjects.

Diagnosis, monitoring of disease and treatment requirements,
and assessment of prognosis and future risk will be addressed in
later sections of this review.
USING A BIOMARKER: UNDERSTANDING

PERFORMANCE CHARACTERISTICS AND ASKING

THE RIGHT QUESTIONS

Diagnosis
The success with which a biomarker operates in diagnostic

decision making depends on its performance characteristics. The
terminology is familiar: sensitivity, specificity, PPVand negative
predictive value (NPV), and likelihood ratios (LRs, both positive
and negative). Unfortunately, familiarity with the terms does not
guarantee that we understand them, and this often leads to inap-
propriate expectations and mistaken applications of a diagnostic
test.

A sensitive test identifies most subjects with the condition but
also some persons without the condition. A sensitive test can rule
a condition out when the result is negative (high NPV or low
negative LR). In such circumstances the clinician will refrain
from diagnosing or intervening unless additional evidence indi-
cates that the test result is false negative. A specific test means that
those with a positive result have the condition, but some affected
subjects might be missed. A specific test can rule a condition in
when the result is positive (high PPV or strong positive LR). In
such circumstances a clinician will choose to accept the diagnosis
and will consider intervention unless additional evidence indi-
cates that the test result is false positive or the risks of intervention
outweigh the benefits. Furthermore, it needs to be decided in
relation to the clinical question whether positive or negative
prediction is more important and what levels of performance



TABLE III. Factors and questions affecting the interpretation of a

biomarker for monitoring disease, assessing treatment require-

ments, or both

1. The distribution of normal values in a healthy population: the cut points

that define normality

2. The distribution of values in an affected population when the disease is

well controlled: cut points that define unacceptable levels of disease

activity

3. The role of group mean reference values derived from healthy subjects in

relation to clinical objectives: Is normalization important?

4. The relationship between changes in disease activity (as measured using

the biomarker) and changes in the clinical status of the patient

5. The MCID between 2 measurements obtained at different time points in

relation to either underlying disease activity, the clinical status of the

patient, or both

6. Is the MCID best measured as absolute values or percentage change?

7. The prognostic significance of changes in the biomarker measurement that

exceed the MCID and the lag time between changes in the biomarker and

changes in the clinical status of the patient

8. The magnitude and scale of the biomarker-disease relationship

(dose-response) in relation to a treatment intervention

MCID, Minimum clinically important difference.

FIG 2. A composite schematic representation based on data from the

studies of Smith et al27 and Olin et al.28,29 The solid black line represents the

distribution of exhaled NO values in healthy nonatopic healthy adults and is

skewed to the right. The dotted gray line represents the distribution of FENO

measurements in patients with stable asthma, with the 95% CIs on the

x-axis (22-44 ppb). Using a cut point of 25 ppb, there is a high negative

likelihood of there being active steroid-responsive eosinophilic airway

inflammation. In contrast, at levels of greater than 50 ppb, there is a

moderate likelihood of steroid responsiveness. Intermediate values need

to be interpreted with caution.

J ALLERGY CLIN IMMUNOL

nnn 2011

4 TAYLOR
justify using the test result. An NPVor negative LR is of value in
excluding a current condition; a PPVor positive LR is of value in
future risk assessment. However, is an NPVof 85% adequate, or
should it be 95%? There is no general agreement as to what
thresholds should be used to determine what is a good test.
Although less commonly reported, LRs are increasingly used
because their calculation is independent of pretest probabilities.
For positive LRs, values of 2 to 5, 5 to 10, and greater than 10 are
used to define weak, moderate, or strong (positive) LRs, and
values of less than 0.5 and less than 0.1 are used to define low and
very low (negative) LRs, respectively.

The measurement of D-dimer and pro–brain natriuretic pep-
tide (pro-BNP) provides excellent examples of how these princi-
ples can be applied. Both tests are widely used to evaluate acute
dyspnea, but their application is limited21 because their perfor-
mance characteristics are only acceptable when results are within
the normal range. A normal D-dimer has a high NPV for venous
thromboembolism (VTE; >95%), and it helps to rule out VTE.
Likewise, a normal pro-BNP value has a high NPV for cardiac
failure (>95%), and it helps to rule out cardiac dysfunction as a
contributor to dyspnea, especially in patients with comorbidities.
Conversely, high D-dimer levels are associated with only modest
PPVs, and the test is unreliable as a positive predictor. Taken to-
gether, these features determine the questions that can and cannot
be answered by using the tests. Increased levels of D-dimer or
pro-BNP cannot be used to determine that a patient needs antico-
agulant or diuretic therapy: the PPVs for VTE or cardiac failure
are much lower, and therefore the tests cannot be relied on to
answer these particular questions.21,22

There is an additional caveat when interpreting the perfor-
mance characteristics of a diagnostic test that concerns pretest
probability. This is exemplified in a recent D-dimer study. Among
1722 patients with a possible diagnosis of VTE and a normal
D-dimer, the incidence of VTE at 3 months’ follow-up was
2.3% (95% CI, 1.4% to 3.8%). Overall, this is acceptable as the
basis for using a negative D-dimer to justify withholding antico-
agulation therapy. However, when the population was stratified
according to their Wells score (a pretest probability assessment
tool), those with a high score (VTE likely) had an incidence of
provedVTE at 3months of 9.3% (95%CI, 4.8% to 17.3%) despite
a normal D-dimer value at presentation. The authors concluded
that ‘‘in patients with a ‘likely’ pre-test probability, there should
be limited reliance on the D-dimer result, and patients should
undergo further testing.’’23

As far as exhaled NO is concerned, the same principles apply.
First, clinical decision making should be based on evidence from
studies of patients with respiratory symptoms (ie, appropriate
pretest probabilities). In the study by Dupont et al,24 the pretest
probability of diagnosed asthma was 67%. The PPV of fraction
of exhaled nitric oxide (FENO) for diagnosing asthma (at the opti-
mum cut point) was 90%, and the NPV was 90%. In the study by
Smith et al,25 the pretest probability was lower at 36%; the PPV
for diagnosed asthma was correspondingly lower at 70%, but
the NPV was high at 92%. These and similar more recent
data26 indicate that FENO values, like D-dimer and pro-BNP
values, provide more reliable information when the measured
value is low. This does not preclude using high measurements
to make clinical decisions, but the weight attached to a high result
needs to be appropriately modified in light of different perfor-
mance characteristics.
Monitoring disease and modifying treatment
The use of a biomarker to guide ongoing disease management

is somewhat different to making a diagnosis. There are a number
of additional considerations listed in Table III. Experience with
NO has highlighted the complexities in this area.

Even where a normal range for a biomarker is derived from a
large population, it may be different from the range of values
obtained in affected subjects with stable disease. This is the case
for exhaled NO (Fig 2).27-29 The discrepancy between ‘‘normal’’
and ‘‘affected but stable’’ ranges implies that clinical stability
does not necessarily equate with the absence of the underlying
disease activity, a normal biomarker level, or both.30 In turn,
this means that population-based reference ranges and predicted
values might have limited application in diagnosing or



FIG 3. Schematic representation of changes in biomarker values in relation

to symptoms, a clinical event, or both. A, Point at which biomarker values

increase beyond the normal range and the signal is meaningful. B, Point at

which symptoms become apparent. C, Interval of time during which inter-

vention can be applied. This needs to be greater than the time required for

an intervention to abort or modify the exacerbation. The time interval can

be days or years depending on the disease (eg, asthma or COPD) or the

event/outcome (eg, exacerbation or chronic respiratory failure). From Tay-

lor and Pavord49 and reproduced with permission of the BMJ publishing

group.
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monitoring disease. Furthermore, in some situations normaliza-
tion of the biomarker by means of treatment intervention might
not be a desirable therapeutic objective.31 Personal best values ob-
tained at a time of clinical stability (preferably on >1 occasion)
are more likely to provide an appropriate reference point for inter-
preting subsequent measurements.32

Clinical decisions are based on whether an individual result is
greater than or less than a chosen cut point for the biomarker.
Low/normal values generally indicate the absence of underlying
disease activity, and high/abnormal values indicate its presence.
However, it is important to know the performance characteristics
that apply for each particular cut point (these might differ) and to
modify the expectations of the test accordingly. The so-called
Asthma Treatment Algorithm studies33-39 used 1, 2, or even 3 cut
points for FENO values as the basis for changing inhaled cortico-
steroid (ICS) treatment. The chosen cut points were based on up-
per limits of normal derived from healthy control subjects33,34,36

or patients with stable asthma.38 In the study by Shaw et al,37 a
low cut-point, validated against corresponding sputum eosinophil
counts, was used to determine the likely absence of underlying
disease activity (low FENO value and high NPV for inflammation,
and therefore the ICS dose was reduced). In contrast, Hewitt
et al35 used a high cut point related to likely steroid responsive-
ness (high FENO value and moderate PPV for steroid response,
and therefore the ICS dose was increased). These inconsistencies
point to the immense difficulties in standardizing the application
of a biomarker.

Occasionally, what is abnormal is defined by the categorical
presence or absence of the biomarker. The presence of sputum
eosinophils is always abnormal (even though the accepted cut
point defining abnormality is not zero!).40 This is simpler and
might explain why using sputum eosinophils to guide asthma
treatment41,42 has proved to be more successful than using
exhaled NO levels.43

When using a biomarker to monitor disease over time, it is also
important to know the minimal important difference between 2
separate measurements. This is based on 2 considerations. The
first is the coefficient of variation (CV) for repeated measure-
ments of the test. Where the difference between 2 measurements
is greater than the CV, it is reckoned that a true biological change
has occurred. The second consideration is clinical and relates to
the magnitude of the change in the biomarker, which equates to
a significant change in underlying disease activity or, alterna-
tively, the clinical status of the patient. For exhaled NO, the CV
is relatively low in healthy subjects at around 10%.44,45 In patients
with stable asthma, it is higher at around 20% to 25%,44-46 imply-
ing that changes in underlying disease activity are not necessarily
clinically apparent. In turn, this means that the minimum impor-
tant difference might be much greater than the CV. This has been
confirmed for exhaled NO by Michils et al,47 who have reported
that a decrease of at least 40% in FENO values is required to
identify patients going from poor to satisfactory asthma control
(PPV, 83%).
Assessing prognosis and future risk
Assessing future risk overlaps with risk stratification, but the

former is more concerned with outcomes in patients with
established disease who are being monitored. Assessing future
outcomes is an almost intuitive aspect of clinical care, but it has
only recently been highlighted as a management objective.48

Apart from acute exacerbations or deteriorating asthma control,
future risk might include longer-term outcomes, such as acceler-
ated decrease in lung function or even mortality.

In this context there is an additional requirement, namely that
the signal from the biomarker (either as an absolute value or as
change from baseline) is not only predictive of future events but
also occurs sufficiently early to permit adequate intervention.
This is demonstrated in Fig 3.49

The prognostic significance of both sputum eosinophils and
exhaled NO has been tested in asthmatic subjects. Anticipating
future events is a situation in which PPVs and LRs need to be
high; negative prediction is unhelpful. In an early study Jones
et al50 reported the performance of sputum eosinophil and FENO
measurements as predictors of loss of asthma control (within
1-7 days). Using a cut point of 3%, the PPV for sputum eosino-
phils was only 71%. For exhaled NO (either high absolute values
or change from baseline), PPVs were around 80%. In another
study in which FENO values were used to assess the risk of asthma
exacerbations over 18months, a FENO value of greater than 28 ppb
had a PPVof 77%, with a positive LR of 3.3.51 Leaving aside the
pragmatic difficulties of measuring a biomarker regularly in am-
bulatory patients, it is an open question as towhether PPVs of less
than 90% are clinically useful, and therefore assessing future
changes in asthma control is not a question that measurement of
FENO can address with sufficient reliability.
USING BIOMARKERS TO ASSESS THE RESPONSE

TO TREATMENT

Anti-inflammatory therapy in patients with airways

disease
The most clinically important role for a biomarker in airways

diseasemanagement is to predict the response to anti-inflammatory
treatment. Current guidelines for asthma recommend a universal
step-up regimen rather than a selective approach,52 but in fact,
the response to ICS therapy is heterogeneous, and nonresponders
are common.53,54 In the Gaining Optimal Asthma Control study



TABLE IV. The requirements of a biomarker in trials of novel

therapies

1. The biomarker should be able to define the pathologic phenotype

(qualitative).

2. The biomarker should, if possible, reflect the intensity of the underlying

disease activity (quantitative).

3. The biomarker should be responsive to changes in the underlying disease

activity resulting from treatment intervention (dose response).

4. The biomarker should, if possible, be used as a secondary end point to

determine treatment efficacy.

Alternatively:

5. The biomarker should be able to define the clinical phenotype

(qualitative).

6. The biomarker should, if possible, reflect the clinical status of the patient

(quantitative).

7. The biomarker should be responsive to changes in a surrogate clinically

relevant end point, which is directly related to underlying disease activity.

The assumption is that the intervention is targeted toward a phenotype in which there

is a clear relationship between the mode of action of the treatment and the underlying

disease.
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approximately 30% of patients did not achieve asthma control de-
spite progressive increases in their inhaled fluticasone dose tomax-
imum levels.55 A more rational and less empiric approach is
needed. A biomarker that prospectively identifies a responder phe-
notype is also potentially useful when thewithin-patient pathology
is itself heterogeneous and only one aspect of the pathology is treat-
ment responsive. This occurs in patients withmixed asthma/COPD
amongwhom response rates for ICSs are low and unpredictable (at
best 25%) and inwhom targeted therapywould avoid inappropriate
treatment. Such an approach would also liberate clinical decision
making from the confusion associated with conventional diagnos-
tic labeling (is it asthma or COPD?).49,56

Both sputum cells and exhaled NO measurements are poten-
tially useful when assessing the need for ICS treatment.57 Again,
the performance characteristics of these tests need to be carefully
considered. In patients with childhood asthma, there is evidence
that FENO measurements can be used to predict those who are
likely to respond to inhaled fluticasone more favorably than
oral montelukast.58,59 In adult patients with undiagnosed new-
onset respiratory symptoms27 and in patients with COPD,60 the
NPVs for a low FENO value as a predictor of steroid response
are high (91% and 87%, respectively; ie, low FENO values predict
nonresponders). In contrast, the PPVs for high FENO values are
much lower (82% and 67%, respectively). Interestingly, even in
asthmatic patients without sputum eosinophilia (so-called pauci-
granulocytic asthma), the performance characteristics of the FENO
value as a predictor of steroid response are equally good.61

These studies27,58-60 address the following question: ‘‘ICS
treatment—yes or no?’’ at first presentation. In ongoing asthma
management a different question usually applies: ‘‘ICS treat-
ment—more or less?’’ Particularly in patients with severe asthma
with fixed airflow obstruction, comorbidities (eg, obesity, gastro-
esophageal reflux, or anxiety), or both, it might be difficult to
judge whether more anti-inflammatory treatment will be benefi-
cial or, just as importantly, whether a reduction in steroid dose
can be achieved. Once started, there is reluctance on the part of
clinicians to reduce or withdraw anti-inflammatory treatment,
and a biomarker would provide objective reassurance.35 Exhaled
NO values may be used to identify patients in whom either reduc-
tion or even withdrawal of ICS treatment is safe: low values 2 to 4
weeks after ICS withdrawal indicate that clinical relapse is
unlikely, with NPVs exceeding 90%.62,63

Randomized controlled trials designed to test whether FENO-
based algorithms can be used to optimize ICS treatment have
yielded disappointing results.64 These studies addressed the ques-
tion ‘‘ICS treatment—how much?,’’ and they indicate that FENO
measurement is not helpful in addressing this question. However,
this does not mean that there is no clinical role for exhaled NO as a
biomarker, as some have suggested.65,66 Perhaps a less demand-
ing question should have been asked. In a recent study,
Perez-de-Llano et al67 asked the following question: ‘‘More ICS
treatment—yes or no?’’ Among 102 patients with poorly con-
trolled asthma (Asthma Control Test score <20), symptoms re-
mained uncontrolled in 49 (48%) after administering maximum
doses of inhaled fluticasone for 1 month followed by a course
of oral steroid for a further month.67 The authors evaluated
whether baseline FENO value was a significant predictor of re-
sponse to the intervention, and it was (AUC, 0.925). At a cut point
of 30 ppb or less, the NPV for steroid response was 92%. This
study highlights how, when the question is framed correctly, the
biomarker’s utility is more readily apparent.
Development of novel therapies
Most patients with asthma are adequately managed with ICS

treatment. The challenges arise among patients whose asthma is
severe and in whom the underlying pathology and treatment
responsiveness are heterogeneous.68,69 Ideally, the development
of novel treatments should be targeted to patients in whom the
mode of action of the intervention is relevant to their pathologic
phenotype, as identified with a biomarker. The inclusion of all
comers in phase 3 trials risks obscuring a treatment effect when
it is in fact present in a more specific, biomarker-defined sub-
group. In addition, when a new treatment is aimed at reducing un-
derlying disease activity, then a marker that measures underlying
disease activity should be the primary end point. In that context a
biomarker is all themore reliablewhen it is an activemediator and
not just a bystander in the pathogenic pathway.

The requirements of a biomarker in drug development are set
out in Table IV. The story of anti–IL-5 and anti–TNF-a treatment
illustrates some key points. Mepolimuzab is an mAb directed
against IL-5 that is responsible for the maturation and differenti-
ation of eosinophils, which are integral to the pathogenesis of
asthma.70 In a small early study, a single dose of anti–IL-5 re-
sulted in a dramatic reduction in blood and eosinophil numbers,
although there were no changes in AHR.71 This apparently suc-
cessful proof of concept study was followed by a larger study
by Flood-Page et al.72 These investigators undertook a study in
362 unselected asthmatic patients, and again, the clinical out-
comes (symptoms, peak flows, and spirometric indices) were
not significant, despite the fact that changes in the biomarker (eo-
sinophil numbers) were striking. These data seemed like the death
knell for anti–IL-5 therapy.73 However, long-term studies report-
ing a reduction in asthma exacerbations with mepolimuzab were
published later.74,75 The ‘‘success’’ of the later studies can be at-
tributed to their biomarker-related design features. The biomarker
(1) defined an integral component of the underlying disease pro-
cess (eosinophil numbers), (2) defined a clinical phenotype (fre-
quent exacerbations), (3) was used to specify selection criteria
for the study, and (4) was related to the primary study end point
(exacerbations).
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Similar issues are relevant to anti–TNF-a treatment for asthma.
Preliminary studies indicated that peripheral blood monocyte
expression of TNF-a is a feature of refractory rather than ICS-
responsive asthma and as such can be used to identify patients
who are more likely to respond to anti–TNF-a therapy.76 Later
experiencewith anti–TNF-a treatment confirmed that when treat-
ment is tested in small groups of patients targeted on their patho-
logic phenotype, treatment response phenotype, or both, positive
outcomes were obtained.76 Large studies comprising an unse-
lected heterogeneous population yielded nonsignificant results,
perhaps because a real effect in important subgroups was ob-
scured.72,77 These experiences emphasize the role of biomarkers
in new drug development.
SUMMARY
The use of biomarkers in respiratory medicine is in its infancy.

Successive studies proclaim the relevance of yet another bio-
marker for the clinical evaluation of airways disease, but the
pathway from identification to clinical application is long and
complex. Yet there is an urgent need to develop biomarkers that
enable clinicians to distinguish one clinical phenotype from
another. Even more importantly, biomarkers should be aimed at
identifying treatment responders. Targeted therapy is the way
forward not only in new drug development but also in how we
approach the use of conventional treatments. However much
resistance there might be to change, attempts to distinguish
asthma from COPD should be set aside in favor of identifying
steroid responsiveness as a realistic and more judicious alterna-
tive to empiric treatment.

Greater efforts are required in the future to validate biomarkers
in the clinical sphere. Journal editors need to spot those studies
that adequately report the performance characteristics of a
biomarker in relation to key clinical questions. In the meantime,
the tests that we already have available should be selectively but
more widely used. Above all, the practicing clinician needs to use
biomarkers, such as D-dimer, pro-BNP, and exhaled NO, to
answer the right questions with informed expectations. These
should be based on performance characteristics obtained in study
populations for whom pretest probabilities are known. All of this
might seem like a tall order, and it is. However, the alternative is
for skepticism about biomarkers to prevail and for respiratory
medicine to remain in the dark ages characterized by clinical
practices that have not changed substantially since the 1970s.
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