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Chronic obstructive pulmonary disease (COPD) is 
projected to rank 5th worldwide in burden of dis-

ease according to a study published by World Bank/
World Health Organization.1 The need for biomark-
ers in COPD research and management to better di-
agnose and assess disease subtypes, as well as the 
effect of treatment is largely recognized. Biomarkers 
are objective indicators of normal biological proc-
esses, pathogenetical processes or pharmacological 
responses to therapeutic interventions.2, 3 If the ef-
forts of clinical research achieve the recognition of 
a biomarker, clinician may have the tools to identify 
individuals with the disease, or, even better, patients 
before the onset of symptoms, to accurately follow 
the progression of the disease, and to demonstrate 
the effect of drug intervention.

From the pharmacological research point of view, 
biomarkers could be useful as a proof of early stage 
trials to demonstrate that the intervention had the hy-
pothesized pharmacological or biological effect, to 
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Biomarkers in obstructive respiratory diseases: an update

Chronic obstructive pulmonary disease (COPD) is characterized 
by chronic inflammation of the airways, with the involvement of 
many inflammatory cells and mediators. Traditionally, this in-
flammation is thought to spread to a systemic level, thus induc-
ing damage of different organs. However, other pathogenetic 
mechanisms could take part to the above-described process, and 
some open questions need to be solved. Due to the burden and 
increasing prevalence of COPD, the opportunity to find biomar-
kers that can potentially be useful in identifying individuals with 
the disease, or better, prior to symptoms onset, to diagnose and 
properly manage the respiratory symptoms, as well as to evalu-
ate the response to treatment and to select specific subtypes of 
patients for tailored treatments is strongly advocated. Several 
mediators, enzymes, hormones and cells have been claimed to 
adhere to this objective. Moreover, the presence of comorbid or 
concomitant diseases can variably influence the concentration 
of specific biomarkers in samples of individuals with COPD, 
and age-related functional and structural changes (inflammag-
ing) can further confuse the biological pattern. Several observa-
tions have been performed in the last decades; nevertheless, no 
biomarker is currently considered as satisfying all the above-
mentioned issues. The “Evaluation of COPD longitudinally to 
identify predictive surrogates and points (ECLIPSE)” study has 
specifically explored the possibility to identify novel biomarkers 
that correlate with clinically relevant COPD subtypes and with 
markers of disease progression. Among the thirty-four biomar-
kers considered, 15 resulted to be increased in COPD patients 
rather than in smoker and non-smoker controls. Specific lung 
proteins such as CC-16 and SPD are promising in detecting lung 
damage, exacerbation susceptibility or responsiveness to treat-
ment. The ECLIPSE findings confirm that, to date, the use of a 
single biomarker is not sufficient, but the combination of novel 
biomarkers with the already existing tools could improve our 
skills in optimizing treatment of COPD patients.
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tive - Outcome assessment.
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identify patients’ sub-groups that benefit most and 
to monitor patients’ safety. Currently, no biomarkers 
are widely accepted as reproducible discriminatory 
or amenable for the use in large clinical trials in ob-
structive respiratory disorders.

Biomarkers in COPD

COPD is a syndrome characterized by inflam-
matory chronic bronchitis, poorly reversible air-
ways disease with small-airway obstruction, and 
emphysema secondary to lung tissue destruction 
and loss of lung recoil.4 COPD is a leading global 
cause of morbidity and mortality worldwide. The 
World Health Organisation (WHO) predicts that 
within the next 20 years, COPD will become the 
third-leading cause of death, after coronary artery 
disease and stroke. The growing impact of COPD 
is partly due to the continued use of tobacco and to 
the ageing of the world’s population.5 Despite the 
well documented role of cigarette smoking in the 
genesis of COPD, the pathogenetic mechanisms 
are not fully understood. COPD is characterized 
by chronic inflammation in small airways and lung 
parenchyma, with the activation of epithelial cells 
and resident macrophages and the recruitment and 
activation of neutrophils, eosinophils, monocytes 
and several cytokines and chemokines. Moreover, 
a meta-analysis of observational studies shows the 
association between COPD and increased serum 
concentrations of inflammatory molecules (C-re-
active protein [CRP], fibrinogen, tumour necrosis 
factor a [TNF-a]) and cells.6 Recently, the role of 
cysteinyl leukotriene antagonists in the treatment 
of COPD, suggests that the high levels of cysteinyl 
leukotriene could be a good marker of inflamma-
tion detectable in COPD patient’s sputum.7

The activation of immune cells generates reactive 
oxidative species (ROS), which are involved in the 
pathogenesis of COPD. T lymphocytes, with a pre-
ponderance of the CD8+ subtype, and macrophages 
are found in the walls of central and peripheral air-
ways and the parenchyma.8 The number of CD8+ 
cytotoxic T lymphocytes is associated to the degree 
of airflow limitation, suggesting the role of this cell 
type in the COPD pathophysiology.9 The abnormal 
inflammation in COPD was observed not only at 
pulmonary but also at systemic level.

This inflammation is associated with fibrosis and 

narrowing of small airways and lung parenchyma 
destruction, resulting from the action of different 
proteinases. The predominance of expiratory airflow 
limitation (bronchitis) or parenchymal destruction 
(emphysema) leads to the principal clinical pheno-
types.

Although COPD is a pulmonary disease, it is as-
sociated with systemic manifestations and comorbid 
conditions. The frequent association of cardiovascu-
lar, neurologic and skeletal comorbidities suggests 
common risk factors and pathogenetic pathways. 
Firstly, COPD is a disease whose prevalence and 
severity increase with age. Because most chronic 
disorders of adults also increase with ageing, comor-
bidities will be relatively common among COPD 
patients. In addition, cigarette smoking represents a 
risk factor for the development of COPD and cardio-
vascular diseases. As a result of sharing common risk 
factors, patients with COPD are at further increased 
risk to suffer these comorbidities. Moreover, the the-
ory that systemic inflammation is the common driver 
of chronic diseases could explain the high preva-
lence of multiple chronic diseases. It is a matter of 
fact that the inflammatory cascade present in COPD 
lung parenchyma could spread at systemic level and 
induce further organ damages. This systemic inflam-
mation persists after smoking cessation. Neverthe-
less, it must be considered that concomitant diseases 
can be the cause of the increased biomarkers in eld-
erly subjects who present comorbidities and COPD. 
Whether these systemic markers spill over from the 
lungs into the systemic circulation or merely reflect 
the proinflammatory state remains unclear.10

COPD and heart failure (HF) are the two most 
frequent and severe chronic diseases. It has been re-
cently suggested that up to 32% of all HF patients 
have comorbid COPD. In addition, COPD patients 
have been found to be 4.5 times more likely to de-
velop HF than disease-free control subjects 11 with 
these values suggested to be an underestimation due 
to the misdiagnosis of COPD.12 Both COPD and 
HF find in aging and smoking the main risk factors, 
and in chronic inflammation the potential common 
pathogenic mechanism. In other words, the presence 
of concomitant pathologies such as HF or sleep ap-
nea syndrome (OSAS) could represent a factor that 
makes difficult to ascribe the presence of a specific 
biomarkers to COPD. Therefore, the increase of me-
diators involved in the induction of an organ damage 
can be found in all these pathologies. Cytokines In-
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tion in chronic bronchitis patients whereas decreased 
proportionally with airflow limitation in subjects 
with emphysema.19 The number of neutrophils in 
BAL and bronchial biopsies correlates with the ni-
trogen wash-out testing, suggesting that neutrophils 
count could be useful in identifying COPD patients 
with small airways involvement.20

Sputum eosinophils seem to be linked with COPD 
airway responsiveness and reversibility and with the 
response to inhaled corticosteroids.21-23 The pres-
ence of systemic inflammation in COPD has been 
assessed, and the role of specific biomarkers such 
as TNF-α, IL-6, and nitric oxide (NO), has been 
evaluated.24 The results of a study considering three 
different groups of subjects (stable COPD, COPD 
during exacerbation and healthy subjects) showed 
that TNF-α and IL-6 levels in both stable and ex-
acerbation groups were higher than in controls. In 
addition, no significant differences in NO between 
stable COPD group and controls were detected, 
even if NO levels were higher in the exacerbation 
group. When comparing cytokine and NO levels at 
admission and after exacerbation, no significant dif-
ference was found. However, the studied circulating 
biomarkers cannot be considered an useful indica-
tor of COPD exacerbation, neither a parameter for 
monitoring recovery after exacerbation. Since these 
biomarkers were high both in stable and in exacerba-
tion groups, and no differences in NO concentration 
between COPD and controls could be detected, it is 
plausible to hypothesize that inflammation can be 
a possible, independent result of the inflammaging 
process, as already discussed.

This hypothesis is supported by a study 25 in which 
aging resulted to be associated with low-grade in-
crease in circulating levels of TNF-a and IL-6. Sev-
eral concomitant diseases (cardiovascular diseases, 
insulin resistance, type 2 diabetes mellitus and en-
dothelial dysfunction) are indeed controlled by these 
biomarkers. Moreover, TNF-a and IL-6 are also dif-
ferently and independently associated with mortality 
in elderly patients. In conclusion, the association be-
tween cytokines and mortality seems to be independ-
ent by comorbidities.

Among blood-based biomarkers CRP has prov-
en to be promising. CRP is an acute-phase protein 
synthetised predominantly by the hepatocytes in re-
sponse to tissue damage or inflammation. It reflects 
the total systemic impact of inflammation 26 and has 
been found to be increased both in stable COPD 6 

terleukin (IL-6) and Interleukin-1β (IL-1β) constitute 
a trigger for systemic inflammatory response with an 
increase in the circulating levels of platelets, leuko-
cytes, proinflammatory and prothrombotic proteins. 
This complex response produces C reactive protein, 
fibrinogen and other coagulation factors which are 
associated not only to fatal cardiovascular events, 
but also to the remodelling of tracheobronchial tree 
present in COPD. Otherwise, despite this evidence, 
different studies suggest the hypothesis of a systemic 
inflammatory state called “inflammaging”, that char-
acterizes the aging process in an independent way 
from individual pathologies.13

The term “inflammaging”, coined by Franceschi et 
al., refers to a progressive increase in proinflamma-
tory status, a major characteristic of the aging proc-
ess.13-15 The inflammatory scenario characterizing 
inflammaging represents a highly complex response 
to various internal and environmental inflammatory 
stimuli, mainly mediated by the increased circulating 
levels of pro-inflammatory cytokines. Inflammaging 
also generates reactive oxygen species (ROS) caus-
ing both oxidative damage and eliciting an amplifi-
cation of the release of cytokines, thus perpetuating 
a vicious cycle resulting in a chronic systemic pro-
inflammatory state where tissue injury and healing 
mechanism proceed simultaneously and damage 
slowly accumulates without any symptoms. This 
condition is a major determinant of both the ageing 
process and of the development of age-associated 
diseases such as osteoporosis, cardiovascular diseas-
es, sarcopenia, insulin resistance and diabetes, that 
can be noticed also in patients affected by COPD.11, 

14, 16 This could imply that systemic inflammation 
is present in the ageing process, even in healthy pa-
tients and it is not directly correlated to COPD.

COPD is an heterogeneous syndrome, and expira-
tory forced volume in 1 second (FEV1) alone does 
not capture the disease complexity (air-flow limita-
tion, parenchymal destruction, mucus hyper-secre-
tion, extra pulmonary effects).17

Very few studies have related proteases, neu-
trophil-elastases and matrix metalloproteinase-9 to 
the degree of emphysema documented with high res-
olution computed tomography. Interleukin-8 (IL-8) 
is reported to be elevated in bronchoalveolar lavage 
(BAL) of smokers with emphysema compared with 
those without it.18 Other authors found that vascular 
endothelial growth factor concentration in induced 
sputum increased proportionally with airflow limita-
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level, BODE index, PaO2, inspiratory capacity, 
TLC and Charlson comorbidity score) in 218 stable 
COPD patients. The results showed that CRP levels 
were similar between survivors and deceased and 
they were not significantly associated with survival.

Levels of CRP were associated with cardiovascu-
lar risk of death in the general population 35 as well 
as in patients with other chronic conditions, such as 
diabetes 36 and renal disease.37 Although the impor-
tant amount of data concerning CRP levels as a car-
diovascular mortality marker suggests a role in daily 
clinical practice, its exact role has been postulated 
but not yet fully accepted.34, 38 Two epidemiologic 
studies have shown that increased CRP levels are 
independently associated with global and cardiovas-
cular mortality in COPD patients with mild-to-mod-
erate degrees of airway obstruction. As already dis-
cussed, CRP is an acute-phase reactant that increases 
in a very sensitive but non-specific way during tissue 
damage, inflammation, and infection 26 all processes 
occurring in COPD patients.39 Furthermore, CRP 
levels are influenced by many different effectors 
such as cardiovascular disease, degree of physical 
activity, diabetes, renal disease, hypertension, meta-
bolic syndrome, obstructive sleep apnea, smoking 
status, diet and medications.34 On this basis, other 
long-term studies in different settings are needed to 
evaluate the role of CRP and other biomarkers 40 in 
patients with clinical COPD. Notwithstanding these 
issue, the study performed by De Torres 34 is impor-
tant because it suggests that although the CRP lev-
els reported in large studies correlate loosely with 
morbidity and mortality, they are unlikely to be a 
good biomarker because of the lack of specificity for 
COPD outcomes. This may not be surprising, given 
that CRP is synthesized predominantly by hepato-
cytes (and not by the lungs) and for this reason it 
is a general (and not a lung-specific) biomarker of 
systemic inflammation.

The above-mentioned reported data show how 
a systematic research on well-selected patients is 
needed in order to clarify the role of single biomark-
ers or biomarkers patterns in disease pathogenesis. 
The ideal biomarker for COPD has to demonstrate 
a strong biological plausibility in terms of its role 
in the pathogenesis of the disease, it must have a 
strong consistent and independent association with 
COPD and hard clinical outcomes such as mortality 
and hospitalization, it has to be modifiable by an in-
tervention, and its change after an intervention must 

and during exacerbation.27 It can also be used as a 
predictor of hospitalization and mortality in patients 
with chronic respiratory failure.28 There is now a 
large consensus about the association between the 
levels of CRP and the presence of airflow obstruc-
tion.29 However, only few studies that provide an as-
sessment of the relationship between CRP levels and 
other clinical variables known to predict outcome in 
COPD patients are available.30 De Torres JP et al. 
conducted one of the largest clinical studies aimed 
at investigating the influence of predictive outcomes 
on CRP levels in a well-defined population of sta-
ble COPD patients.30 The most interesting and novel 
result of this study is that in stable COPD patients, 
CRP levels are strongly associated with PaO2 and 
6MWD. The study also found that CRP levels rep-
resent an independent factor related to important 
prognostic clinical variables such as FEV1, FVC, 
IC/TLC, GOLD stage and BODE index. These find-
ings lend support to the concept that the presence 
of “extra-pulmonary or systemic” consequences of 
COPD can be clinically detected.31 Moreover, by 
determining the level of increased systemic inflam-
matory markers it is possible to assess the systemic 
burden of COPD.6 This study also confirmed that the 
worsening of lung function is associated to the in-
crease in CRP levels.32 This correlation could also 
demonstrate the direct relationship between CRP 
levels and GOLD stages or the BODE index, which 
includes some of the previously mentioned outcome 
parameters (FEV1, 6MWD and BMI).30 One of the 
novel findings of this study was the negative correla-
tion between CRP levels and PaO2, which requires 
further investigations. Indeed, it is now accepted 
that COPD patients with hypoxaemia present higher 
mortality, which is improved with oxygen therapy. 
Hypoxaemia is a trigger for both oxidative stress and 
inflammation in COPD but, until now, no data has 
shown that oxygen therapy decreases systemic in-
flammation in stable COPD patients.33 The results of 
the present study supports the need to further explore 
the relationship between oxygenation, inflammatory 
markers and outcomes.

In a more recent study 34 the same authors seemed 
to change opinion with regards to the meaning and 
the role of CRP levels in COPD. The aim of this 
study was to determine if CRP levels were associ-
ated with survival in patients with moderate to very 
severe COPD in comparison with other well-known 
prognostic parameters of the disease (serum CRP 
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year prior to the study. Fibrinogen was also associat-
ed with decreased exercise tolerance as measured by 
6-minute walk distance (r=-0.23, P=0.001), BODE 
index (r=0.20, P=0.007) and MRC score (r=0.17, 
P=0.021). Based on these data, fibrinogen seems to 
reflect a global assessment of disease severity and 
can be therefore considered a useful biomarker in 
COPD.

CRP was found significantly higher in COPD pa-
tients than in smokers (P=0.036) and non-smoker 
controls (P=0.002). As expected, COPD further 
raised during exacerbation. Unfortunately, this bi-
omarker showed a high variability with only 21% of 
COPD subjects having a three-month value within 
25% of the baseline value. According to these data, 
its utility as biomarker seems to be limited.

IL-6 seemed to be significantly increased in 
COPD ex-smokers than in smokers without airways 
obstruction, whereas its concentration was different 
from COPD patients and non-smokers.

Several chemoattractans for monocytes/mac-
rophages (IL-68 IL-12 p40, CCL2), lymphocytes 
(CCL18, CXCL10) and neutrophils have been ex-
plored. CCL12 e IL12p40 were not different in 
COPD patients compared to smoker controls, while 
both were significantly higher in COPD patients 
compared to non-smoker controls. CCL18, molecule 
of great interest due to its correlation with cardio-
vascular comorbidities, was significantly higher in 
COPD as regard smoker and non-smoker controls, 
while CxCL10 and IL-8 resulted significantly in-
creased only in COPD vs. smokers. The above-men-
tioned biomarkers could be useful in identifying sub-
groups of COPD patients.

The analysis of this cohort of subjects involved in 
the ECLIPSE study did not show differences among 
COPD smoker and non-smoker controls, concern-
ing TNF-α seric concentration. Therefore, this 
mediator does not seem to be significantly associ-
ated with COPD, and a detectable concentration of 
TNF-α was shown only in 10% of COPD patients 
evaluated. These results could explain the failure of 
a previous study,46 in which a monoclonal antibody 
against TNF-α (infliximab) resulted clinically effec-
tive when administered in patients with moderate to 
severe COPD. Nevertheless, the above-mentioned 
results open the perspective to use this drug in well-
tailored subpopulations of COPD patients character-
ized by high blood concentration of TNF-α.

Matrix metalloproteinases 8 and 9 (MMP8 and 

be related to a change in an important and accepted 
clinical outcome (e.g., mortality, exacerbation, rate 
of decline in FEV1, health status).41 In the past, in-
duced sputum, bronchoalveolar lavage BAL fluid, 
bronchial biopsy specimens, and exhaled breath con-
densates have been investigated as potential sources 
for biomarker discovery. However, major methodo-
logical shortcomings, including the invasiveness of 
the procedures, poor reproducibility, and/or lack of 
a standardization of measurements have limited their 
clinical application.42 With the growing awareness of 
COPD as a systemic disease, there has been a shift 
in the focus of biomarkers discovery away from lung 
sources and toward blood specimens.43 However, on-
going researches are evaluating biomarkers in organ-
related samples (such as induced sputum or exhaled 
breath condensate, BAL and bronchial biopsy) or in 
blood/urine samples. Obviously, some proteins se-
creted in the lungs can be evaluated in the blood.

The criteria mentioned above have been the guide 
in developing the “Evaluation of COPD longitudi-
nally to identify predictive surrogates and points 
(ECLIPSE)” study. The aims of the study were to 
define clinically relevant COPD subtypes in indi-
viduals with GOLD stage II-IV COPD, to establish 
the parameters that predict disease progression over 
three years in the clinically relevant COPD subtypes, 
to acquire data on known clinical biomarkers in or-
der to identify those that correlate with clinically rel-
evant COPD subtypes and to identify novel genetic 
factors and/or biomarkers that correlate with clini-
cally relevant COPD subtypes and with markers of 
disease progression.44

The study was conducted in 46 centers in 12 coun-
tries, enrolling 2180 COPD subjects and 566 control 
subjects (343 smoking and 223 non-smoking con-
trols) aged 40-75 years. All patients were evaluated 
periodically for three years. Several biomarkers were 
assessed both in the general population and in ad hoc 
subgroups of patients. In details, 34 blood biomark-
ers were assessed in 201 subjects with COPD, 37 in 
ex-smokers control with normal lung function and 
37 in healthy non-smokers. Fifteen biomarkers were 
significantly different in individuals with COPD 
when compared to former or non-smokers controls.45

Fibrinogen was significantly higher in COPD pa-
tients than in ex-smoker and non-smoker controls. It 
was not associated with COPD severity nor with the 
severity of emphysema. There was a weak associa-
tion with the number of reported exacerbations in the 
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a possible link among innate immune system, protein 
expression and COPD infectious exacerbations may 
be hypothesized, but further investigation is neces-
sary. Circulating levels of CC-16 have been related 
to Clara cell toxicity and, therefore, this protein has 
been suggested as being a COPD marker. The aim 
of the study performed by Lomas 48 was to verify 
this hypothesis in a real life study. Serum CC-16 was 
measured in three different groups of patients. The 
median level of CC-16 was significantly reduced in a 
replication group of 1888 current and former smok-
ers with COPD when compared to 296 current and 
former smokers with COPD without airflow obstruc-
tion and 201 non-smokers. Serum levels of CC-16 
were found lower in current smokers rather than 
former ones with GOLD stage II and III COPD, but 
were not different in individuals with stage IV of the 
disease. CC-16 does not differ across GOLD stages 
II-IV, while it was significantly lower in GOLD stag-
es II-III current smokers compared to former ones. 
After adjusting for age, gender, smoking status and 
lung function, serum CC-16 was significantly lower 
in COPD subjects compared with smoker controls. 
On the above-mentioned data and on the evidence 
that CC-16 proved to be related to the annual rate 
of change in FEV1 (P=0.04),44 it can be assumed 
that its dosage could be used in longitudinal stud-
ies aimed to assess the repairing process of bronchial 
epithelium, or combined with other markers in the 
diagnosis and monitoring of COPD progression.48 
Another possible biomarker, which can be found al-
tered in COPD patients is the urinary concentration 
of the F2-isoprostane (iPF2-III), proposed as a reli-
able marker of oxidant stress in vivo. It needs deter-
mination of overnight urinary excretion of the F2-
isoprostane iPF-III, using repeated collections over 3 
consecutive days, and shows significantly increased 
concentrations in subjects with COPD.49

An interesting protein assessed in the ECLIPSE 
study was also the surfactant protein D (SPD). This 
protein is produced by second type pneumocytes of 
the terminal bronchiolus. The method of analysis of 
this protein performed in the ECLIPSE study was 
the same as the one previously described for CC-16. 
The aim of the research was to assess the relation-
ship between the level of SPD and the exacerbation 
risk, and the possibility to modulate the protein level 
with the treatment with systemic steroids. SPD ap-
peared significantly increased in COPD vs. smoker 
and non-smokers control, while no difference was 

MMP9), potential biomarkers of lung parenchy-
mal injury, were found significantly increased in 
COPD compared to non-smokers, while MMP8 
was also higher in COPD than in smoker patients. 
MMP8 and 9 were shown to be related to GOLD 
spirometric classification of severity and with the 
amount of emphysema assessed by means of com-
puted tomography. Until now, MMP8 repeatability 
needs to be tested while, unfortunately, MMP8 has 
shown a great variability among repeated dosages. 
Beyond this evidence, these biomarkers seem to be 
potentially useful in differentiating patients with 
emphysema from those with predominant airways 
obstruction. Mieloperoxidases, enzymes involved in 
several redox pathways, were significantly higher in 
COPD than in non-smoker patients but not different 
when compared to smoker controls. On the contrary, 
prolactin, peptide hormone involved in the regula-
tion of the immune system, was significantly higher 
in COPD vs. smoker patients but not different when 
compared to non-smokers. Adiponectine, a protein 
involved in regulating glucose levels, as well as fatty 
acid breakdown, was higher in COPD patients than 
in smokers but resulted not different when compared 
to non-smokers. Finally, beta-defensin-2, a low mo-
lecular weight peptide with antimicrobial properties 
was found significantly higher in COPD vs. smoker 
and non-smokers controls.

These enzymes and hormones are supposed to 
be useful at a diagnostic level when combined in a 
panel of inflammatory markers to better describe the 
type of inflammatory process of specific subgroups 
of patients.

A protein of great interest is protein Clara cell 16 
(CC-16), produced by the terminal bronchiolous of 
Clara cells. Recent evidence suggest that Clara cells 
play an important role in host defence, immunomod-
ulatory response and airways remodelling through 
the production of specific factors such as CC-16. 
This protein has never been linked to patients’ lung 
function tests, diseases severity and blood gases pa-
rameters. A study 47 performed in 2007 assessed a 
potential correlation between CC-16 expression 
in sputum, measured by a new methodological ap-
proach, and the degree of severity in patients suffer-
ing from moderate and severe COPD. A significantly 
different expression of CC-16 was detected in COPD 
patients, according to their stage of severity, as de-
fined by the GOLD 2006 guidelines. Taking into 
consideration CC-16 properties in innate immunity, 
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an evaluation aimed at analyzing if the biomarkers 
assessment is able to ameliorate the sensibility of 
the available tools in predicting patients’ mortality. 
The predictive value of age, BODE score and rate of 
previous hospitalizations resulted to be improved by 
integrating it with IL-6 dosage.55

Conclusions

All the data we have disposable in this moment 
cannot be sufficient answers to all our questions 
about COPD. ECLIPSE study and other research 
data confirm that, at the moment, the use of a single 
biomarker is not sufficient, but the use of a pattern of 
biomarkers or the combination of a biomarker with 
the already existing evaluating tools could improve 
our skills in managing COPD. In particular, as un-
derlined by Cazzola et al.42 there is little informa-
tion regarding correlation of biomarkers not only 
with traditional outcome measures (i.e., dyspnea, 
exacerbation frequency and mortality) but also with 
patient reported outcomes.56, 57 The final goal will be 
to match disease severity, biological mechanisms re-
flecting COPD pathogenesis and the impact of the 
disease from the patient’s perspective. Clear is the 
example of asthma in which we have assisted to the 
integration of knowledge about pathogenesis,58 with 
the selection of specific biomarkers for targeting the 
therapy 59 and disease control both in clinical trials 60 
and in real life.61
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found among spirometric stages of severity accord-
ing to GOLD. The reproducibility of SPD dosage 
was high. Of great interest seems to be relationship 
between protein concentration and exacerbation risk: 
for each increment of 100 ng/mL-1 the odds ratio for 
exacerbation was 1.22. Moreover, SPD was shown to 
be modifiable with the treatment with systemic pred-
nisolone; therefore it should be used as intermediate 
measure in developing new anti-inflammatory drugs 
for COPD treatment.50

Recent evidence suggested that SPD genetic 
mutations can influence its blood concentration, 
pulmonary function and susceptibility to COPD, 
but these data need to be further confirmed.51 Be-
sides the above-mentioned mediators, also the 
neutrophils count in sputum was considered. The 
results showed that the neutrophils count is nota-
ble to predict the FEV1 variability and the rate of 
exacerbations. Moreover, it is not associated with 
the degree of emphysema and is weakly related 
to other biomarkers and weakly associated with 
patient health status. In addition, a relevant vari-
ability among different disease GOLD stages has 
been assessed.52 A promising field of research is 
represented by proteome analysis of samples such 
as induced sputum, exhaled breath condensate, 
BAL. It may provide presumptive evidence for bi-
omarkers and may discern molecular patterns that 
are predictive of susceptibility, development, and 
progression of COPD.53

Unfortunately, also the evaluation of pH in the ex-
haled breath condensate seems not useful. As a mat-
ter of fact, pH was lower in COPD patients than in 
non-smokers, while it was not different in COPD vs. 
healthy smokers. It did not correlate with disease se-
verity, airways inflammation and it was not modified 
by the treatment with steroids.54 Data coming from 
the ECLIPSE study open new perspective in the 
identification and use of biomarkers in COPD man-
agement. However, beyond the relationship within 
COPD and exacerbation risk, the possibilities to use 
a single biomarker in predicting, assessing or follow-
ing COPD patients seems limited. The combination 
of several biomarkers seem promising. For instance, 
a group of patients was followed for three months; 
the level of fibrinogen, IL-6, SPD and CRP were sig-
nificantly higher in those patients who had a COPD 
exacerbation in the first month of exacerbation rather 
than in those who did not have it.45

Very recently, Celli et al. published the results of 
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