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Abstract Chronic obstructive pulmonary disease (COPD) is a complex and heterogeneous dis-
ease, and there is a clinical need for validated markers and biomarkers that can contribute to
the assessment of patients, risk prediction, treatment guidance, and assessment of response.
Although according to the 2018 GOLD guidelines clinically useful biomarkers for COPD patients
in stable condition have yet to be identified, several clinical markers and biomarkers have
been proposed for COPD. These include isolated clinical markers, such as symptoms and Health
Status assessment, exercise tests, function tests and imaging, and also composite scores and
molecular markers.

However, and despite strong efforts to identify useful markers in an attempt to improve
prognostic and therapeutic approaches, results have not been consistent and expectations of
relying on these markers in near future are faint.

Current approaches to COPD have shifted from treating the disease to treating the individual
patient. There is a clear need to identify treatable traits, focusing more on the patient and not
on the disease, in order to implement an increasingly personalized treatment of COPD in the
clinic, leading to true precision medicine. There is a need to identify combinations of clinical
markers and biomarkers, genetic markers, and phenotypes that can guide the personalized
therapy of COPD patients.

This critical review will therefore focus not only on currently established markers and
biomarkers in COPD but also on possible future approaches toward precision medicine.
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Clinical and molecular markers in COPD

Introduction

Over the last few years, numerous clinical and molecular
markers of chronic obstructive pulmonary disease (COPD)
have been identified, as well as phenotypes, in an attempt to
improve prognostic and therapeutic approaches. However,
results have not been consistent and expectations of relying
on these markers in near future are faint.

There is a need to identify treatable traits,1,2 i.e., treat-
able characteristics of each individual patient, and to define
which markers are most important. COPD is an unstable dis-
ease and markers may vary over time for the same patient.
Moreover, given the complexity of COPD, it is unlikely that
one isolated marker may guide therapeutic approaches or
predict prognosis, but perhaps a combination of markers will
be able to do so. It is also important to note, comorbidities
occur frequently in COPD patients, including cardiovascular
disease, skeletal muscle dysfunction, metabolic syndrome,
osteoporosis, depression, and lung cancer.3 Given that they
can influence mortality and hospitalizations independently,
comorbidities should be actively looked for, and treated
appropriately if present.3 A systematic review identified
an association between the presence of co-morbid anxiety,
obesity and osteoporosis, and possibly metabolic disease or
depression, with reduced physical activity in COPD patients,
highlighting the need to identify all co-morbid conditions
present in these patients, in order to optimize treatment.4

This critical review will therefore focus not only on cur-
rently established markers and biomarkers in COPD but also
on possible future approaches toward precision medicine.

Definition of marker and biomarker

The concepts of marker and biomarker are different. A
marker is defined as ‘‘a measurement that is associated
with, and believed to be related pathophysiologically to a
relevant clinical outcome’’, whereas a biomarker has a more
restrictive definition: ‘‘a measurement of any molecule or
material (e.g., cells, tissue) that reflects the disease pro-
cess’’. Markers can be diagnostic, of disease severity or
progression, and of treatment effect.5,6 A clinical outcome is
defined as a consequence of the disease experienced by the
patient, such as death, symptoms, exacerbations, weight
loss, exercise limitation, and use of healthcare resources
among others.5

Adequately validated biomarkers can contribute to
improve patient care by (1) facilitating early detection of
subclinical disease, (2) improving the diagnosis of acute
or chronic syndromes, (3) stratifying patients’ risk, (4)
selecting the most appropriate therapy for a given patient,
and/or (5) monitoring disease progression and response to
therapy.6,7

Since COPD is a complex and heterogeneous disease,
there is a clinical need for validated biomarkers that
can contribute to the assessment of patients, risk pre-
diction, treatment guidance, and assessment of treatment

response.6 Although according to the 2018 GOLD guide-
lines clinically useful biomarkers for COPD patients in stable
condition have yet to be identified, several clinical markers
and biomarkers have been proposed for COPD.
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linical markers

solated

linical markers in COPD can be divided in four categories:
1) symptoms and Health Status assessment, (2) physical
ctivity and exercise capacity, (3) function tests, and (4)
maging.

ymptoms and health status assessment
everal questionnaires exist for symptom and health status
ssessment of COPD, and the 2018 GOLD guidelines rec-
mmend the modified Medical Research Council (mMRC),3

he COPD assessment test (CAT),8 the Clinical COPD Ques-
ionnaire (CCQ),9 which allow for assessment of response
o interventions, the Chronic Respiratory Disease Question-
aire (CRQ)10 and St. George’s Respiratory Questionnaire
SGRQ).11 The mMRC only assesses the impact of dyspnea,
ut it is simple to use in clinical practice, relates well
ith other measures of health status, predicts future mor-

ality risk,12 and is more discriminating with respect to
-year survival than staging of disease severity using the
TS guideline.13 The importance of dyspnea as a predic-
or of poor survival is well substantiated.14 CAT or CCQ are
hort, practical, and easy to use in clinical practice, but
atients prefer the CCQ since it reflects their status better
han CAT.15 Of note, the classification of COPD according to
he GOLD groups produced by the mMRC or CAT score is not
dentical.16 CAT may be used as a complementary tool in a
atient’s clinical assessment to predict COPD exacerbations,
ealth status deterioration, depression, and mortality.17

CRQ and SGRQ are both lengthy and have scoring algo-
ithms that are too complex to use in routine clinical
ractice.18 When used in isolation, these clinical markers
ay not be sufficient to accurately assess COPD. However,
MRC, CAT and CCQ are generally more useful in daily clin-

cal practice while CRQ and SGRQ use is mainly restricted to
linical investigation. Nonetheless, these two latter ques-
ionnaires may be used once with every patient since they
re very informative.

hysical activity and exercise capacity
OPD is clinically characterized by a pathological rate of
ecline in lung function with age, and, as a result, patients
ith COPD often complain of dyspnea and exercise intol-
rance, both of which not only interfere with the ability
o perform the activities of daily life but also significantly
mpair quality of life (QoL). Specialists recommend that

minimum of 30 min of moderate intensity daily physical
ctivity, such as walking, are necessary to maintain fitness,
nd COPD patients not meeting this standard are considered
nsufficiently active.19,20

In COPD patients, exercise and physical activity influence
xercise tolerance and muscle strength, QoL, dyspnea, num-
er of days hospitalized and number of exacerbations.21,22

tudies have shown that physical activity and exercise in
aily life is an important predictor of risk of hospital read-

ission and mortality in COPD patients.
Exercise capacity is the strongest element of disease

everity and mortality and has shown a consistently stable
ssociation with lung function or dyspnea. For COPD patients
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Table 1 Characteristics of some physical activity assess-
ment tests.

Evaluation

Stanford Brief Activity
Survey (SBAS)

Subjective; questionnaire

Rapid Assessment of
Physical Activity (RAPA)

Subjective; questionnaire

PROactive Questionnaire
Pedometers or activity

monitors
Objective; low-cost
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COPD patients are able to perform, and that is easy to apply
Accelerometers Objective

he BODE index (body mass index [BMI], FEV1, dyspnea and
-min walk distance) includes exercise capacity to predict
nd characterize severity of illnesses and mortality.23,24 Also,
ndexes of outcomes such as exercise capacity help to mea-
ure the risk of future outcomes and the absolute effects
f treatment and, thereby, the benefits and damages of
reatment. Unfortunately, exercise capacity and life style
ave probably been rarely tested and evaluated in the vast
ajority of COPD patients.
In a study that followed patients for 5 years, Vo2max

as shown to be the best predictor of mortality, indepen-
ently of FEV1 and patient age.25 In another study26 the
min walk distance test (6MWT) was determined in patients
ith severe COPD. Over a 2-year period, survival increased

rogressively with increases in the 6MWD. Patients unable
o walk 100 m had a mortality rate approaching 90% at 1-
ear. Patients with similarly impaired airflow (as measured

i

t

Table 2 Characteristics of selected exercise tests.

Test Variables Facilities

Incremental
exercise test
(IET)

VO2 peak,
WR peak

Cycle or treadmill,
metabolic system,
monitoring and pu
oximeter

Constant
work-rate
exercise test
(CWRET)

Isotime, IC and
perception

Cycle or treadmill,
metabolic system
spirometer, cardia
monitoring and pu
oximeter

Incremental
shuttle walk
test (ISWT)

Distance and
dyspnea

10 m corridor and
oximeter

Endurance shuttle
walk test
(ESWT)

Time or distance,
dyspnea

10 m corridor and
oximeter

Six minute walk
test (6MWT)

Distance and
dyspnea

30 m corridor and
oximeter

One minute sit to
stand test
(1MSTS)

Number of sitting
and up

Chair and stopwat
I. Gonçalves et al.

y FEV1) who were able to walk more than 400 m had signifi-
antly higher survival. The study demonstrated that exercise
apacity was a better predictor of mortality than both FEV1

nd BMI. In clinical practice, a quick exercise capacity test
ill help physicians to assess patient status and adopt appro-
riate interventions.

There are several methods to evaluate physical
ctivity27,28 --- Table 1. Exercise tests29 --- Table 2 --- are
ore objective to characterize COPD patients and predict
rognosis, but are often not available outside rehabilita-
ion or research settings. The severity and cause of exercise
ntolerance are best assessed by conducting standardized
aboratory exercise testing in which detailed physiologi-
al measurements are taken while patients perform cycle
rgometry or treadmill walking. Protocols can be either
onstant (‘‘endurance’’) or incremental. Simpler tests are
lso used, although the physiological information gathered
s more limited: the 6MWT is relatively simple and has
een used extensively; the incremental shuttle walk test
ISWT) and the endurance shuttle walk test (ESWT) are bet-
er standardized and have also been used in clinical trials.
ndurance tests such as the constant work-rate exercise test
CWRET) and the ESWT are more responsive to interventions,
oth pharmacological and nonpharmacological, than incre-
ental tests such as the incremental exercise test (IET), the

SWT, or the 6MWT. Although several tests exist to measure
oth the physical activity and the exercise capacity of COPD
atients, there is a need for a reliable, simple test that all
n any office and by any doctor.
In a study published by Puhan et al.30 the authors found

hat upper limb strength measured by the handgrip test

Prognostic
information

Multicentric trials
experience

a room,
cardiac

lse

Survival +++

a room,
or
c
lse

+++

pulse Survival;
Re-admission (in
COPD)

++

pulse ++

pulse Survival;
Hospitalization and
exacerbation (in
COPD)

+++

ch Mortality and HRQoL +
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Clinical and molecular markers in COPD

and, in particular, by the one minute sit to stand test
(1MSTS) as a measure of exercise capacity were strongly and
independently associated with mortality and Health-Related
(HR)-QoL over 24 months of observation. However, no signif-
icant associations with exacerbations have been found.

Although direct comparisons of the predictive ability of
exercise tests are scarce, the current body of evidence sug-
gests that the simpler 1MSTS, the 6MWT or the IET can
be used to predict outcomes in COPD. In most practice
settings, exercise tests are rarely performed with COPD
patients because these tests require equipment, space and
trained staff. It is this panel’s opinion that the 1MSTS offers
an attractive alternative. The 1MSTS seems to measure simi-
lar aspects of exercise capacity to the 6MWT31,32 and may be
an attractive option with which to assess exercise capacity
in COPD patients in both clinical practice and research.

Function tests
A post-bronchodilator Forced Expiratory Volume in 1 sec-
ond/forced vital capacity (FEV1/FVC) < 0.70 confirms the
presence of persistent airflow limitation and thus of COPD.
FEV1 is an extremely important parameter in the prognosis
evaluation, non-pharmacological therapeutic intervention,
and for detecting COPD with rapid decline in lung function.
An individual FEV1 patient level poorly expresses the disease
status and is an unreliable marker of breathlessness severity,
exercise limitation, and health status impairment.3 In COPD
patients, FEV1 and symptoms/QoL are poorly correlated.33

Monitoring FEV1 trajectory, as a marker of disease activity,
is more accurate than a single FEV1 measurement,34 and it
may be a marker of uncontrolled disease.33 Frequent exac-
erbators show a faster decline of FEV1 when compared to
infrequent exacerbators.35 Nevertheless, the FEV1 change
rate is highly variable among COPD patients, with increased
rates of decline among current smokers, patients with bron-
chodilator reversibility, and patients with emphysema,36 but
an accelerated FEV1 decline is not inevitable in COPD.37

An inspiratory capacity-to total lung capacity (IC/TLC)
ratio ≤25% seems to be a risk factor for COPD
exacerbations38 and is a marker of mortality in COPD
patients.39 IC/TLC is associated with reduced maximal
strength and peak power output of patients’ lower extrem-
ities, suggesting that it may also be a marker of peripheral
muscle dysfunction.40 IC/TLC as a continuum, predicts
mortality in emphysematous COPD patients.41 In clinically
stable COPD patients, IC/TLC and dyspnea can predict a
decline of exercise capacity and may guide early therapeutic
interventions.42

Hypercapnia is a marker of poor prognosis in COPD
patients.43

Measurement of diffusing capacity for carbon monoxide
(DLCO) provides information on the functional impact of
emphysema in COPD and is often helpful in patients with
breathlessness that may seem out of proportion with the
degree of airflow limitation.3 DLCO is indicated for dif-
ferential diagnosis in restrictive and obstructive diseases,
disability assessment, evaluation of medication-associated

toxicity, and prediction of exertional hypoxemia.44 Using
the DLCO instead of a CT-determined emphysema, as has
been done in the COPD-Lung Cancer Screening Score (COPD-
LUCSS), has proven to be useful in identifying COPD patients

o
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t risk of death by lung cancer.45 DLCO may be more descrip-
ive of systemic deconditioning than gas exchange in COPD
atients.46 As for the assessment and follow-up of heavy
mokers, the transfer coefficient of the lung for carbon
onoxide (K[CO]) may be a useful tool because a lower base-

ine K(CO) is independently associated with a more rapid
rogression of emphysema and airflow limitation in this par-
icular COPD population.47

Although not validated, hyperinflation increases as air-
ay obstruction worsens,48 and can be present even in
ilder COPD during everyday activities.49 Hyperinflation

ncreases acutely under conditions such as exercise or exa-
erbations, accompanied by a sharp increase in dyspnea
ntensity, leading to a vicious spiral of activity avoidance,
hysical deconditioning, reduced QoL, and early develop-
ent of comorbidities such as cardiovascular disease.49 As

yperinflation provides more useful information pertaining
o dyspnea and exercise tolerance than FEV1, it can be mea-
ured at any disease degree, aiding therapeutic decisions,
articularly when there are discrepancies between clinical
eatures and impairment of airflow obstruction.48

maging
hest computed tomography (CT) is an important method
or assessing lung conditions.48 CT supports the differ-
ntial diagnosis and promptly identifies bronchiectasis.3

horacic high-resolution CT scan (HRCT) can be used to dis-
riminate non-emphysematous and emphysematous COPD
henotypes.50 CT may help in early diagnosis of COPD,
articularly by detecting air trapping from the analysis of
nspiratory and expiratory images.48 Additionally, in case
f a chest surgical procedure, such as lung volume reduc-
ion, a CT scan is necessary3 to determine emphysema
istribution and surgical suitability.3 Moreover, emphysema
istribution is a marker of COPD severity.51 CT and Mag-
etic Resonance Imaging (MRI) correlate pulmonary artery
nlargement with right ventricular dysfunction.52 Addition-
lly, in COPD patients, an elevated pulmonary artery to
ortic ratio, as assessed by CT, is correlated with increased
xacerbation risk, with this parameter outperforming other
ell established predictors of these events.53 Pulmonary
ypertension is an independent risk factor of exacerbations
nd mortality in COPD patients, and CT seems to be useful
n the assessment of these patients.54 CT can also be used to
easure Epicardial Adipose Tissue (EAT) volume, which has
een shown to be increased in COPD patients and is inde-
endently associated with smoking history, BMI and exercise
apacity, all modifiable risk factors of future cardiovascu-
ar events. EAT volume could be a non-invasive marker of
OPD patients at high risk for future cardiovascular events.55

inally, CT is also required for patients being evaluated for
ung transplantation. But a question remains: should a CT
can be performed on all COPD patients?

omposite scores

ulticomponent indexes incorporate several dimensions

f COPD, and may provide physicians with a powerful tool
o assess and monitor disease severity in order to guide
ecision making and improve patient outcomes. Other
eeds such as predicting healthcare utilization and risk
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tratification can also be studied with those tools in a COPD
atient population.

The perfect index is yet to be established, but the most
ommonly used multicomponent indexes are BODE and its
ariations such as mBODE (BMI, FEV1, dyspnea and max-
mal oxygen uptake expressed as mL/min/kg) and BODEx
BMI, FEV1, dyspnea and exacerbations). In recent years,
DO (age, dyspnea and FEV1), DOSE (dyspnea, obstruction,
moking, exacerbation) and CID (Clinically Important Dete-
iorations) have also been used in COPD different scenarios.
s expected, they are all better predictors of mortality than
EV1 alone. The BODE is considered to be the reference
ndex: less complex than mBODE, better validated, with
ider use18 and an excellent predictor of survival in patients
ith COPD.23,56 In patients with more severe disease, the use
f BODE index is recommended57,58 as it seems to reflect
OPD severity better than other multidimensional grading

ndexes.59

The need to perform the 6MWT renders BODE impractical
n primary care and in less severe patients; in this setting
t can be replaced by the BODEx index,60 as both indices
how a high degree of correlation and a similar prognostic
apacity for predicting mortality.58 When 6MWT data are not
vailable, other validated options are the ADO or DOSE56

ndexes. The ADO index is a better predictor of mortality
ompared to DOSE, but the DOSE index is better correlated
ith current symptoms and future risk for exacerbations
nd hospitalizations,56 a very important dimension in COPD.
hether prediction of mortality rates in patients using such

ndexes truly indicates patient-perceived severity and can
uide appropriate treatment has been questioned, however,
n the other hand, by measuring disease severity, they are
seful in establishing prognosis and guiding therapy.18

Other indexes such as the COPD Prognostic index, that
redicts mortality, hospitalization, and exacerbation fre-
uency, and the SAFE (SGRQ, Air-Flow limitation and
xercise tolerance) index, which also predicts exacerba-
ions, may also be useful.61 Very recently, a new composite
easure has been proposed for COPD: CID. CID is defined as

1) a decrease of ≥100 mL from baseline in trough FEV1, (2)
deterioration in HR-QoL defined as ≥4-unit increase from

aseline in SGRQ total score, or (3) the occurrence of an on-
reatment moderate-to-severe COPD exacerbation. CID has
een used in clinical trials to evaluate therapeutic outcomes
ith excellent results.62,63

Some generic tools are available, such as the Charlson
omorbidity index, which considers 17 comorbidities, and
s an established predictor of mortality.4 Although it is the
ost common multimorbidity measure employed in medical
opulations,64 it does not include some important conditions
n COPD, such as depression, anxiety and obesity, and does
ot evaluate other important health outcomes including QoL
r health-care utilization,4 thus being a complex tool beyond
he field of COPD.

In this area of growing evidence, this panel concludes
hat in a complex and heterogeneous disease such as COPD,
he use of validated multicomponent indexes as BODE,
ODEx, ADO, DOSE or CID, can contribute to the assess-

ent of patients, risk prediction and treatment guidance,
ut all indexes need more evidence for a generic implemen-
ation.

m

s

I. Gonçalves et al.

olecular markers

iomarkers are extremely important in any disease pro-
ided they have diagnostic, prognostic or therapeutic
alue. In recent years, many analytical biomarkers have
een explored in COPD, namely plasma fibrinogen,6,36,65

RP,6,36,65---68 Interleukins IL-66,36,65,67,69 and IL-8,6,36,65,70 total
ilirubin (important due to its antioxidant capacity),6 serum
myloid protein (SAA),6 surfactant protein D (SP-D),6,36,65

lub cell secretory protein 16 (CCSP-16)6,36,65,71, and Matrix
etalloproteinases MMP-8 and MMP-9.65 In this review, we
ill only address those which either have been assessed in
ore studies for validation purposes or appear to be more

elevant for COPD --- Table 3.
The most promising systemic/inflammatory biomarkers

or predicting mortality in COPD are fibrinogen,3,43,67 IL-
,6,36,65,67,69 CRP,3,43,67---70 and total bilirubin.6

Plasma fibrinogen is the first biomarker drug develop-
ent tool qualified for use in COPD under the FDA’s drug
evelopment tool qualification program.72 High sensitive-
RP was the first biomarker to be investigated in COPD.

A recent genome-wide gene expression analysis from
29 ex-smokers from the ECLIPSE Study, identified novel,
linically relevant molecular subtypes of COPD. These
etwork-informed clusters were more stable and more
trongly associated with measures of lung structure and
unction than clusters derived from a network-naïve
pproach, and they were associated with subtype-specific
nrichment for inflammatory and protein catabolic path-
ays. These clusters were successfully reproduced in an

ndependent sample of 135 smokers from the COPDGene
tudy.73

Since oxidative stress may be an important amplifying
echanism in COPD,3 oxidative stress markers in sputum,

amely malondialdehyde (MDA), hexanal, nonanal, acrolein,
-isoprostane, nitrosothiols, 3-nitrotyrosine, and 8-hydroxy-
′-deoxyguanosine (8-OHdG)74 may be of interest in a nearby
uture. Hydrogen peroxide and 8-isoprostane are increased
n the exhaled breath condensate, sputum, and systemic
irculation of COPD patients, and oxidative stress further
ncreases during exacerbations. There may also be a reduc-
ion in endogenous antioxidants in COPD patients as a result
f reduction in the transcription factor Nrf2 that regulates
any antioxidant genes.3 However, there is a clear dis-
arity regarding oxidant-induced DNA damage and somatic
utations in COPD, which may reflect a difference in the

xidative stress per se or a deficient antioxidant and/or
epair capacity in the lungs of patients.75

As for exhaled compounds being used as diagnostic mark-
rs, a very recent review concluded that reliable exhaled
arkers in COPD are still missing.76 The major challenges
ehind this are the heterogeneity in breath sampling tech-
ologies, the selection of appropriate control groups, and
ack of sophisticated (and standardized) statistical data
nalysis methods.76 This was confirmed by a small study
hat showed that the biological meaning of exhaled and
on-exhaled markers of respiratory inflammation in patients
ith COPD depends on the type of marker and the biological

atrix in which it is measured.77

Given the above, the following question can be raised:
hould specific tests that include WBC, fibrinogen, PCR and,
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Table 3 Biomarkers which either have been assessed in more studies for validation purposes or appear to be more relevant for
COPD.

Biomarker Predictor of
mortality

Reproducible Predictor of
FEV1 decline

Predictor of
exacerba-
tions

Marker of
inflamma-
tion

Marker of
treatment
success

Major limitation

Blood
eosinophils

x x x Acute phase /=
from stable COPD

Fibrinogen x x x x More accurate in
patients who
never smoked

CRP x x Poor relation to
mortality

IL-6 x x x Non repeatable
over time

IL-8 x Not related to
mortality

TNF-� x Not reproducible
Total

bilirubin
x x Not reproductible

SAA x Acute
phase /= from
stable COPD

SP-D x x x Elevated in
smokers with or
without COPD

CCSP-16 x x Not related to
mortality

TNF-
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CRP, C-Reactive Protein; IL-6, Interleukin 6; IL-8, Interleukin 8;
surfactant protein D; CCSP-16, club cell secretory protein 16.

eventually, TNF-�, IL-8 and IL-6 be done in COPD patients?
This panel agrees that the most important biomarkers to
use in clinical practice are WBC, fibrinogen, IL-6 and PCR,
with the remaining ones being restricted to use in a research
setting. Therefore, the panel also agrees that the usefulness
of the above mentioned biomarkers in routine assessments
remains a matter of discussion and that currently available
evidence does not allow for a conclusive proposal.

Peripheral eosinophilia has been proposed as a possi-
ble biomarker both for response to systemic corticosteroids
during exacerbations and for predicting patients that will
benefit from inhaled corticosteroids (ICS) in the stable state
of COPD.

COPD patients with eosinophilia seem to benefit from
systemic corticosteroids when exacerbating.78,79 Also, blood
eosinophil levels of ≥200 cells/�L and/or ≥2% of the
total WBC count has been suggested as a biomarker in
severe COPD exacerbations for predicting higher readmis-
sion rates.80 A cut-off of 3% in blood eosinophil counts as
a proportion of the total WCB showed a sensitivity and
specificity of 90% and 60%, respectively, for identifying an
eosinophilic exacerbation. This was equivalent to an abso-
lute count of approximately 230 cells/�L. These authors
have suggested considering using % in exacerbations and
absolute counts in stable state.81
For patients in the stable phase of COPD, other stud-
ies have proposed different cut-off values. For example,
two post hoc analyses of the WISDOM study suggested
that patients with screening eosinophil blood levels ≥4%

r
fi
a
e

�, tumor necrosis factor �; SAA, serum amyloid protein; SP-D,

r ≥300 cells/�L had lower exacerbation rates with contin-
ed ICS82 and that these same cut-off values might identify
atients who will experience a deleterious effect from
CS withdrawal.83 In a post hoc analysis of two replicate
CTs comparing the efficacy in preventing exacerbations of
nce-daily inhaled fluticasone furoate plus vilanterol ver-
us vilanterol alone,84 the following eosinophil cut-offs were
valuated: 0---2%, 2---4%, 4---6% and >6%. This post hoc anal-
sis concluded that the benefits of ICS are observed for
osinophil counts greater than 2% and in a dose dependent
anner, i.e., the higher the eosinophil count, the greater

he reduction in exacerbation frequency with the ICS/LABA
ombination.85 However, all these studies are retrospective
nalysis, and many investigators have called for prospective
andomized trials to confirm the predictive utility of blood
osinophils and to define a threshold.86

The FLAME study was the first prospective study
valuating eosinophilia as a biomarker of response to
CS-containing maintenance therapy. This study showed
hat indacaterol/glycopyrronium demonstrated a significant
mprovement in lung function compared with salme-
erol/fluticasone for all eosinophil cut-offs tested (<2%,
2%, <300 cells/�L and ≥300 cells/�L).87 A subsequent
ost hoc analysis confirmed these results with more blood
osinophils cut-offs, namely <3%, <5% and <150 cells/�L.88 A

ecent post hoc analysis of the WISDOM study further identi-
ed a subgroup of patients --- patients with ≥2 exacerbations
nd ≥400 cells/�L --- that seem to be at increased risk of
xacerbation when discontinued from ICS.89
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The inflammatory response is extremely complex and
nvolves the participation of numerous cell types and a
yriad of inflammatory signals.6 Therefore, it is unlikely

hat a single biomarker can describe such complexity
ccurately.6,65,77

In conclusion, clinically useful biomarkers for stable
OPD patients have yet to be identified,3 concerning diag-
osis, disease activity or severity,33 disease progression,90

rognosis33,91 and response to therapy.34,90,92

reatable traits

EV1 is a marker of COPD severity and has historically been
sed to guide therapeutic choices. However, we now under-
tand that the trajectory of FEV1 change, as an indicator
f disease activity, is more important than a single FEV1

easurement.34 More importantly, we have moved from an
irflow limitation FEV1-centric view of the disease to the
nderstanding that COPD is such a complex and heteroge-
eous condition that it cannot be accurately captured by a
ingle parameter. The complexity of this disease stems from
ts intrapulmonary and extrapulmonary components, whose
ynamic interactions along time are not linear (for instance,
xacerbations, symptoms comorbidities, etc.) and its het-
rogeneity from the fact that not all of these components
re present in all individuals at any given point in time. This
nderstanding inevitably leads to the need for personalized
ssessment and treatment of patients with COPD. There is
clear need to identify treatable traits, focusing more on

he patient and not on the disease, in order to implement an
ncreasingly individualized treatment of COPD in the clinic,
eading to a true precision medicine.1 Precision medicine is
efined as ‘‘treatments targeted to the needs of individual
atients on the basis of genetic, biomarker, phenotypic, or
sychosocial characteristics that distinguish a given patient
rom other patients with similar clinical presentations’’.2

ndeed, there is a need to identify combinations of clinical
arkers and biomarkers, genetic markers, and phenotypes

hat can guide a personalized approach of COPD patients.
he correlation genotype-phenotype-environment, or expo-
ome, needs to be recognized.1 Guiding treatment solely
ased on clinical phenotyping is difficult, since a patient
ay display characteristics of more than one phenotype

t the same time. Precision medicine integrates informa-
ion based on the underlying pathobiological mechanisms
f disease (defined as endotypes) and the clinical expres-
ion of such endotypes (defined as phenotypes)93 for a more
atient-centered way to make therapeutic decisions and so
aximize the benefit versus risk ratio. Endotypes can be

dentified via specific biomarkers but before being imple-
ented in clinical practice, endotypes need to be better

nderstood and their specific biomarkers fully validated.34,93

he final objective of precision medicine is to ‘‘improve
linical outcomes for individual patients while minimizing
nnecessary side effects for those less likely to respond to
given treatment’’.2
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