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Abstract

The Evaluation of COPD Longitudinally to Identify Predictive Surro-
gate End-points (ECLIPSE) study was a large 3-year observational mul-
ticentre international study aimed at defining COPD phenotypes and
identifying biomarkers and/or genetic parameters that help to predict
disease progression. 

The study has contributed to a better understanding of COPD het-
erogeneity, with the characterization of clinically important sub-
types/phenotypes of patients, such as the frequent exacerbators or pa-
tient with persistent systemic inflammation, who may have different
prognosis or treatment requirements.

Because of the big amount of information that is starting to be produced
from metabolomic, proteomic and genomic approaches, one of the biggest
challenges is the integration of data in a biological prospective such as
clinical prognosis and response to medicinal products. In this article we
highlight some of the progress in phenotyping the heterogeneity of the dis-
ease that have been made thanks to the analyses of this longitudinal study.

Introduction

Chronic obstructive pulmonary disease (COPD) is defined in the
GOLD guidelines as a disease ‘characterized by persistent airflow lim-

itation that is usually progressive and associated with an enhanced
chronic inflammatory response in the airways and the lung to noxious
particles or gases’ [1]. The main cause is cigarette smoke, however do-
mestic, environmental and work place pollution may contribute to its
development and worsening. Inhaled hazardous particles trigger an ab-
normal inflammatory response which may lead to the destruction of the
parenchymal tissue and may affect the normal defences and airways
mechanisms with consequent fibrosis and reshaping of the airways. All
these events are clinically expressed with dyspnoea, following even
minor physical exercise, and cough, and they reduce progressively the
quality of the life of the patients leading, in many cases, to a high de-
gree of disability. 

COPD affects around 10% of the adult population [2] and it is pre-
dicted that it will be the third cause of death and disability in the world
by the year 2020 [3].

The clinical course of COPD often presents exacerbation episodes of
the disease (which may occur in some patients even several times a
year) and are characterized by an acute worsening of the symptoms
lasting several days, sometimes weeks [1]. At times, hospitalisation
may be necessary and in the most severe cases, the use of oxygen
therapy and mechanic ventilation may be required. Exacerbations are
events that negatively impact the natural clinical history of the disease
as they are associated with a faster decline of the lung function and a
reduced survival rate.

Significant heterogeneity of clinical presentation and disease pro-
gression exists within COPD: the objective of this article is to highlight
the accumulated data from the ECLISE study that may help to identify
and refine patient phenotypes in COPD.

Heterogeneity of COPD

COPD is characterised by a marked heterogeneity: the patients suf-
fering from the same functional alteration (limitation of the airflow)
may present different profiles of the pathology, both from an anatomy-
pathological perspective (emphysema, chronic bronchitis, bronchiolar
reshaping, fibrosis) and clinical perspective (dyspnoea, cough,
bronchial hypersecretion, exacerbations). For example, the progres-
sion of the disease, in terms of functional decline, is not homogeneous
but is affected by several factors such as exacerbation history, degree
of bronchial obstruction and age [4].

The configuration of a heterogeneous disease can make the diag-
nostic and therapeutic approach very challenging. For this reason, the
scientific community is showing an increased interest in character-
ising the clinical and physio-pathological heterogeneity in phenotypes
within the COPD. 

The concept of phenotype in reality is not new. In the second half of
the past century, COPD was differentiated into ‘phenotype A’, charac-
terised by a finding of emphysema, and ‘phenotype B’, characterised by
chronic bronchitis, based on clinical, radiological and physio-patholog-
ical elements [5]. These two types represented the two extremes of a
spectrum with the majority of patients positioned somewhere in the
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with chronic obstruction of the airways, including one patient with in-
termediate characteristics between chronic asthma and COPD [9]. 

The results reflect not only the complexity and heterogeneity of the
disease but can also have implications in the clinical research: the ben-
efit may depend not only on the efficacy of the treatment but also on the
level of responsiveness of the different phenotypes. Garcia-Aymerich et
al., in their recent PAC-COPD (Phenotype and Course of COPD) [10]
study, followed for 4 years a cohort of 342 patients who had been hos-
pitalised for the first time for COPD exacerbation, and collected clin-
ical, physio-pathological, imaging and functional data, including spiro-
metric measurements, stress tolerance, inflammation, quality of life,
pulmonary CAT scan, microbiology of the sputum, cardiocirculatory
stress test: the Authors identified 3 clinically relevant COPD pheno-
types: i) COPD with a severe respiratory component, characterised by
a high frequency of exacerbations and an increased risk of death com-
pared with the other groups; ii) COPD with a moderate respiratory
component compared with group 1 but a similar alteration of the pul-
monary density; iii) COPD with a systemic component, characterised
by a high prevalence of obesity, cardiovascular diseases and high
values in inflammatory markers. 

The ECLIPSE study

A fundamental contribution to the knowledge of COPD phenotypes
derives from the ECLIPSE [11] (Evaluation of COPD Longitudinally to
Identify Predictive Surrogate Endpoints) study which, contrary to the
above mentioned studies, has explored the heterogeneity of the dis-
ease with a so-called ‘unbiased’ approach, i.e. without pre-defined hy-
potheses. It is an observational, longitudinal study, of a 3 year duration,
carried out on a population of about 2180 patients with mild to very se-
vere COPD (II - IV GOLD stages) and 566 control patients (smokers and
non-smokers) for the purpose of defining the clinically relevant COPD
sub-types and identifying parameters and biomarkers capable of pre-
dicting the progression of the disease [11]. 

The ECLIPSE cohort is one of the broadest and best characterised
cohorts in COPD studies, since subjects underwent a wide range of
tests including CT of the thorax in order to assess the severity and dis-
tribution of emphysema, spirometric and plethysmographic exams,
several questionnaires, tests to measure stress tolerance, measure-
ments of markers in the blood, urine and induced sputum. In addition,
data reported by the patients concerning respiratory symptoms, me-
dicinal products, tobacco consumption history, work-related exposure
and concomitant pathologies were documented through a consolidated
ATS-DLD (American Thoracic Society-Division of Lung Disease) ques-
tionnaire. 

The cross-sectional analysis of baseline data has shown that the pa-
tients with COPD, compared to control subjects, show more frequently
co-morbidity, especially of a cardiovascular nature [11]. The emphy-
sema level correlates with the GOLD stratification, whereas the corre-
lation between spirometric parameters and clinical signs (dyspnoea,
stress tolerance, exacerbations) was very limited as a further confir-
mation of the fact that the degree of obstruction is not sufficient to cap-
ture the complexity and heterogeneity of the disease [11].

The ‘frequent-exacerbation’ phenotype

Since information about the incidence of exacerbations and the
identification of the predictive factors in patients with a different
level of severity of the disease is limited, one of the first analysis of
the longitudinal data collected from the ECLIPSE cohort has verified

middle. Therefore, this distinction did not find a widespread applica-
tion and was partially abandoned. 

In the ‘80s, Gordon et al. [6] proposed the Venn non-proportional di-
agram to indicate the possible causes, associated in various ways with
each other, of a non-reversible obstruction of the airflow: based on this
approach, a continuous spectrum of pathological conditions – chronic
bronchitis, emphysema, asthma – with a different participation of the
physio-pathological mechanisms, leads to multiform clinical patterns.
The limitation of this type of theoretical differentiation consists mainly
in the fact that there are no validated objective parameters on which to
base the differential diagnostics and the prognosis.

Progress made in recent years in diagnostic imaging (high resolu-
tion computerised tomography, magnetic resonance) has contributed
considerably to a renewed interest in the classification of patients
based on clinical-pathological phenotypes, while providing morpholog-
ical, quantitative and topographical documentation that is more pre-
cise, faster and more standardised compared with the old Gold-stan-
dard represented by pathological anatomy. These considerations have
led to new studies regarding the classification of the COPD clinical
phenotypes.

What is a phenotype?

A phenotype is the expression of a set of ‘characters’ specific to a
person (morphological, behaviour, and other characteristics) and is the
result of interactions between an individual’s genetic heritage (geno-
type) and environmental factors. In the case of many diseases, such as
COPD, the interaction between environmental factors (smoke, dust at
the workplace) and the host’s constitutional factors (affected by the ge-
netic make-up) may determine the different clinical aspects or clinical
phenotypes of the disease, e.g. susceptibility to exacerbations, speed in
the progression of the disease, hyperproduction of mucus.

The clinical characteristics of a phenotype should be prospectively
validated and should have a predictive value, thus providing important
information for the prognosis and treatment plans. In this context, an
important aspect is the search for biomarkers that can not only differ-
entiate a subject with an active pathology from a healthy subject, but
also identify the clinical sub-types (or phenotypes), predict the severity
or progression of the disease as well as the response to the treatment.

The above considerations have reopened the research in the phe-
notyping of the disease adopting a method based on the cluster
analysis of the potentially important variables and main components
of the disease. 

With this approach, Pistolesi et al. have reverted to the description of
the two clinical phenotypes of Burrows [5] and on the basis of the mul-
tivariate analysis of 9 parameters (clinical, morphological, functional)
have validated the subdivision of patients into two groups with charac-
teristics corresponding to two COPD phenotypes, one with prevalent
obstruction of the airways and the other with prevailing characteristics
of destruction of the pulmonary parenchyma [7].

Other studies were based on the cluster analysis which involves the
grouping and classification of data that are initially unclassified. The
study of Burgel et al., carried out on a cohort of 322 patients with mild to
very serious COPD, has identified 4 clinical phenotypes, not identifiable
according to the GOLD stratification, based on the analysis of clinical
variables such as cumulative exposure to smoke, FEV1, BMI, exacerba-
tions, dyspnoea, health conditions, depression [8]. Patients with a sim-
ilar degree of functional limitation may belong to different phenotypes
and show significant differences in terms of age, symptoms, co-mor-
bidity and risk of death. Similar considerations have emerged also from
the Weatherhall et al. study which differentiated 5 groups of patients
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the hypothesis that the frequency of the exacerbations may identify a
specific COPD phenotype, independently from the severity of the dis-
ease [12]. Exacerbations have been defined as events that have led a
physician to prescribe antibiotics or corticosteroids (or both) or that
have led to hospitalisation (severe exacerbations).

The results confirm that with the worsening of the disease, the ex-
acerbations become more frequent and severe, but also show that a
large proportion of patients experience frequent exacerbations, more
than one a year, independently from the degree of severity defined on
the basis of a spirometric exam of the pulmonary function (Figure 1). 

In the moderate stage of the disease (GOLD II), exacerbations occur
in 22% of cases, 33% in the severe stage (GOLD III) and 47% in the very
severe stage (GOLD IV). In these patients, the frequency of exacerba-
tions has remained stable during the 3 year observation and a previous
history of exacerbations proved to be the most predictive factor of their
frequency.

Thanks to the ECLIPSE study, for the first time a distinct COPD phe-
notype with high risk of exacerbation was described, and purposely de-
fined as a ‘requent exacerbation’, stable over time, cross-sectional with
respect to the GOLD stages, characterised by an intrinsic susceptibility
to triggers, such as viral infections, clinically predictable and identifi-
able through clinical history: with the worsening of the disease, the
percentage of these ‘frequent exacerbation’ patients increases pro-
gressively; however, even in the moderate stage, they represent a rele-
vant portion, i.e. 22%: since the moderate COPD is more prevalent than
the severe one, the overall burden of the exacerbations may be greater
in the case of the moderate disease.

A recent analysis on severe exacerbations of COPD requiring hos-
pital admission (occurring across all stages of airflow limitation) indi-
cates that they are a significant prognostic factor of reduced survival.
COPD patients at a high risk of hospitalization can be identified by
their past history for similar events, and other factors, including the
severity of airflow limitation, poor health status, age, presence of em-
physema, and leukocytosis [13].

These observations are not without implications for the develop-
ment of strategies aiming at the prevention of exacerbations, events
that not only accelerate the progression of the disease but can also in-
volve more organs and functions, thus increasing the risk of death. In
fact, in the course of these events, a significant increase (death-re-
lated) of the plasma levels of the cardiac markers and an increase in
the platelet aggregation, unrelated to smoke exposure, are observed
[14-17]. Furthermore, a recent study [18] has demonstrated that in
the course of an acute event an increased dispersion of the ECG P
wave is noted, indicating a non-homogeneous atrial repolarisation
with an increased risk of supraventricular arrhythmias: in the patients
with frequent exacerbations, this anomaly is observable not only
during the acute phase but also in conditions of stability. Therefore,
the COPD exacerbations have serious consequences, not only of a pul-
monary but also of a systemic nature, which justify the term of ‘pul-
monary attack’ [19] and the ‘frequent exacerbation’ patients (or pa-
tients susceptible to exacerbations) may represent a type of patients
with increased cardiovascular risk.

Biomarker analyses of the ECLIPSE cohort showed that baseline fib-
rinogen associates with exacerbation rate, besides exercise tolerance
and mortality. Also IL-6 and CRP are significantly raised in COPD and
are yet further raised during exacerbations; however, they display wide
variability in stable subjects and therefore their value as useful bio-
markers of COPD would appear to be limited [20].

Lung function rapid and slow decliners:

different phenotypes? 

Although historically COPD is considered a progressive disease, with
an average decline of the respiratory function estimated to be of about
50 ml/year compared with the physiological decline of about 30 ml/year,
the studies that have investigated longitudinally the individual vari-
ability of the functional loss have been quite limited. This aspect was
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Figure 1. Association of disease severity with the frequency and severity of exacerbations during the first year of follow-up in patients with
chronic obstructive pulmonary disease.
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with anti-inflammatory and immunosuppressive activity. However, the
biological significance of this (weak) association is unknown [21]. 

Is there a COPD phenotype with systemic

inflammation?

Persistent, low-level, systemic inflammation is thought to play a sig-
nificant pathogenic role in many chronic diseases, including COPD
[26-28]. Elevated circulating levels of several inflammatory markers, as
C-reactive, protein (CRP), interleukins 6 (IL-6) and 8 (IL-8) have been
reported in patients with COPD [27,28]. However, these studies were
small, with large variability between patients and, most important, did
not investigate the relationship between inflammation and relevant
clinical outcomes of the disease. 

The question whether the persistence of systemic inflammation in
COPD could represent a distinct COPD phenotype was addressed by
analysing the prevalence, temporal stability and network pattern of a
panel of inflammatory biomarkers most often studied in COPD (WBC
count, CRP, IL-6, IL-8, fibrinogen and TNFa) and their relationship with
clinical characteristics and relevant outcomes at 3 years follow-up in
the ECLIPSE cohort [29]. 

The results indicate that the patients with COPD show a distinct in-
flammatory pattern from that of the control subjects. In fact, despite the
wide variability within the groups and the small absolute differences
among the groups, a specific increase in some markers is observed –
especially fibrinogen, IL-6, PCR – compared with the control smokers
and non-smokers (is it an inflammatory pattern specific of the COPD?),
while the smokers without COPD show an increase in some specific
biomarkers (IL-8, TNF-alpha) compared with both patients with COPD
and non-smokers without COPD (Figure 3). 

The possibility of a network among inflammatory mediators was also
evaluated, where the link (network) between two markers was defined
to be as existent if more than 1% of the subjects of the group shared an

explored in the ECLIPSE cohort [21], showing a variability in the func-
tional decline in the course of the 3 year observation: in 38% of the
cases it was above 40 ml/year, in 31% from 21 to 40 ml/year, in 23% the
measurement of the FEV1 ranged from a 20 ml/year decline to a 20
ml/year increase, in 8% of the patients the increase was above 20
ml/year (Figure 2). 

Smoke turned out to be one of the main factors involved in the pro-
gression of the disease, as was the presence of emphysema, the fre-
quency of exacerbations and, an unexpected and unexplained data, the
bronchodilator reversibility. The decline was greater at the GOLD mod-
erate stage (II) versus the very severe stage (IV), in line with the UP-
LIFT [22] and TORCH [23] studies. Although the role of pharmacolog-
ical treatments of the progression of the disease is still debated, it
cannot be denied that the decline is lower in patients under treatment.

It is interesting to observe how other studies have confirmed the
heterogeneity of the progression of the disease [24,25]. For example, a
longitudinal cohort study of 5 year duration [24] has reclassified the
patients into 3 groups: with a fast decline, slow decline and stable. The
only factor associated in an independent and statistically significant
manner to a fast decline of the FEV1 proved to be the severity of em-
physema, whereas other variables, such as the basic FEV1, the status of
a smoker, and contrary to expectations, the exacerbation rate did not
impact in any significant manner the functional loss. In this study, the
stable patients, who represented about 25% of the cohort, showed a
blood eosinophil count significantly higher than the ‘decliner’ patients
and with a greater frequency of chronic bronchitis symptoms. 

The data suggest that the clinical studies, where the functional de-
cline is the primary outcome, should take into account the severity of
the emphysema (predominant emphysematous COPD phenotype) as
well as the fact that a high percentage of patients remain stable as re-
gards spirometric parameters. 

Lastly, none of the measured biomarkers has shown to be highly as-
sociated with functional decline, except for CC16, a molecular low
weight protein produced by the Clara cells in the terminal bronchioles,
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Figure 2. Distribution of estimated annual rates of change in forced expiratory volume in 1 second (FEV1) over a 3-year period in patients
with chronic obstructive pulmonary disease.
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Figure 3. Box plot (log scale) of the different biomarkers determined at baseline in COPD patients, smokers with normal lung function and
non-smokers.

above average increase in the haematic concentration of the two
markers. The strength of the link was proportional to the number of
subjects who showed a shared increase. As per Figure 4, a network of
systemic inflammation (inflammome), intense and specific in patients
with COPD compared with control groups, either smokers or non-
smokers, seems to emerge. 

The longitudinal analysis, at 1 year, indicates that the subjects with
consistently high levels of markers of systemic inflammation accounted
for 16% of the sample. In this subgroup of patients with systemic ‘perma-
nent’ flogosis, the risk for exacerbations is significantly higher compared
with the ‘less inflamed’ patients, regardless of the level of bronchial ob-
struction. Interestingly, the factors that were most associated to the per-
manence of inflammation were found to be smoking and obesity. 

A mortality analysis showed that the addition of a panel of selective
systemic inflammatory markers measured at baseline significantly im-
proved the ability of established clinical variables (BODE index) to pre-
dict mortality at three- and eight-year follow up [30,31].

Overall, the results suggest how the constant presence of systemic
inflammation can identify a new, distinct phenotype of patient with
COPD, a possible target for specific therapeutic strategies. The origin
of the inflammation is unknown: it could derive from the airways (hy-
pothesis of spill over of the mediators from the pulmonary tissue) or it
could be of a systemic origin; the fact that the patients with persistent
inflammation are more obese supports the latter hypothesis.

The role of systemic inflammation in COPD was further investigated by
analyzing the prevalence and clinical characteristics associated with
eosinophilic inflammation in the Eclipse cohort [32]. The results show
that persistent eosinophillic inflammation (eosinophil counts ≥2% at all
visits) appears to be a common feature of COPD, accounting for 37.4% of
patients, and is associated with higher lung function values , less dyspnea
and less progression of emphysema, suggesting that these subjects have

less severe COPD. This requires confirmation in other cohorts. No impact
on exacerbation rates was observed, at variance with other studies
linking eosinophils with an increased risk of exacerbations [33,34].

The reversibility to bronchodilator does not

identify a COPD phenotype

The analysis of reversibility to bronchodilator in the ECLIPSE cohort
has shown, over the 3 year observation, that this parameter follows a
rather fluctuating pattern in most patients [35]. In the patients with a
constant pattern, no differences have emerged in terms of mortality,
hospitalisations and exacerbations among those who were found at
each assessment (at least 3), to be ‘reversible’ and ‘non reversible’.
Therefore, the reversibility to bronchodilator does not show the neces-
sary requirements of stability and association to clinical relevant out-
comes in order to configure a phenotype of patients with COPD.

Asthma-COPD overlap (ACO)

Asthma-COPD Overlap (ACO) has been recently defined as a new
pathological entity [36]. There is evidence of an increasing prevalence
of patients in whom the two diseases – asthma and COPD – coexist or
in which one condition evolves into the other, leading to the patholog-
ical condition named ACO [36,37]. This occurs mainly in elderly pa-
tients suffering from asthma for a long time, especially if smokers. Re-
cent estimations indicate that up to 24% of patients with COPD will ad-
ditionally report a history of asthma, with an increasing trend in the
elderly population (up to 50% in those aged over 70 years) [38,39]. 

Patients with ACO have distinct clinical features (poorer health related
quality of life, higher exacerbation rate, more rapid disease progression)
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those with COPD alone, whereas peripheral eosinophils were similar in
the two groups. ACO subjects demonstrated also significantly greater ex-
pression levels of several genes, including TLR10 (P=0.0002), a gene in-
volved in the innate immunity following viral infection that has previ-
ously been associated with asthma. 

As regards the genome-wide association testing, the top SNP from the
ECLIPSE population was near the gene FOXP1, that is involved in epithe-
lial cell development in the lung as a negative regulator of follicular helper
T cells. Overall, active inflammatory pathways present in ACO compared
to COPD alone have been identified by a multi-omics approach. ACO sub-
jects demonstrate increased IgE and innate immune gene expression.

These observations suggest that patients with the overlap phenotype
may have inflammation which is more responsive to corticosteroids
than patients with COPD alone and possibly a better prognosis. Ran-
domized controlled clinical trials exclude smoker asthmatics and pa-
tients with overlapping asthma and COPD: therefore, the data on effi-
cacy of treatment in this clinical population are lacking. 

New technologies and COPD phenotyping

The metabolomic approach, combined with the proteomics and ge-
nomics, plays an increasingly important role in the biomedical research
field. Metabolomics consists of the determination of the complete set of
metabolites of a biological organism which are the final products of its
gene expression. Therefore, this methodology may provide quick infor-
mation on the response mechanisms of living systems to gene changes,
to patho-physiological stimuli and to environmental influences, thus fa-
cilitating also the discovery and characterisation of the biomarkers. 

and possible genetic risk factors then subjects with asthma or COPD
alone [36], suggesting that they may represent a distinct clinical pheno-
type. ECLIPSE offers an opportunity to examine ACO in a large well-char-
acterized COPD cohort followed over 3 years [40]. For the primary defini-
tion, patients were considered to have ACO if they reported a history of
asthma. Besides, other additional features of airways disease taken into
consideration were bronchodilator reversibility at recruitment, atopy,
wheeze, presence of current asthma. The results show that patients with
ACO according to the primary definition were 25% of the cohort, were
slightly younger, more often female, experience more exacerbations, had
more frequently co-morbidities (osteoporosis, osteoarthritis, reflux/heart-
burn, depression, autoimmune disease) and used more respiratory med-
ications and statins as compared with COPD patients without ACO [40].
These findings confirm prior research showing a worse health-status in
patients with ACO than in patients with COPD [36]. In addition, the ob-
servation that plasma fibrinogen and serum TNFα· concentration are
slightly higher in ACO is consistent with its association with worse out-
comes in COPD [29]. As regards the inflammatory pathway, there is lim-
ited evidence showing that Th2 allergic inflammation is active in ACO
and may drive these clinical differences [41]. To explore this aspect, a
multi-omics approach, including protein biomarkers, genome-wide asso-
ciation testing, and gene expression data, was used in subset of patients
from two large cohort studies – COPDGene and ECLIPSE – to identify in-
flammatory patterns in ACO compared to COPD alone [42]. All subjects
were current or former smokers with COPD (defined as FEV1/FVC<0.70
and FEV1<80% predicted). ACO was defined as subjects with COPD who
additionally reported a history of asthma that was diagnosed by a physi-
cian before the age of 40. Significantly greater values for biomarkers as
SRAGE, CRP, and IgE levels were observed in ACO subjects compared to
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Figure 4. Network layout of the systemic inflammatory response (inflammome) in non-smokers (n = 202), smokers with normal lung function
(n = 297) and COPD patients (n = 1755) at recruitment. Each node of the network corresponds to one of the six inflammatory biomarkers
determined in this study (see color code), and its size is proportional to the prevalence of abnormal values (95th percentile of nonsmokers) of
that particular biomarker in that particular group of subjects (precise figure shown inside of each node). Two nodes are linked if more than
1% of subjects in the network share abnormal values of these two biomarkers, its width being proportional to that proportion.
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The metabolomic analysis of the ECLIPSE cohort, the widest to be as-
sessed to date for this type of analysis, has shown that the metabolomic
serum profile of the patients with COPD correlates with the different
characteristics of spirometric severity, emphysema, systemic inflam-
mation and BMI [30], thus providing additional information on pa-
tients phenotyping. For example, in patients with emphysema, an in-
crease in creatinine and amino-acid precursor is observed reflecting a
reduced mitochondrial function, in line with recent observations of a
block of the electron transport chain with the production of free radi-
cals also at the initial stages of the disease [43].

Studies on genetic polymorphisms have been carried out in cohorts of
patients with COPD, including ECLIPSE, aiming at identifying the genetic
determinants of emphysema: the results have led to the identification of
a variant (SNP) of the BICD1 gene, associated with susceptibility to em-
physema [44]. These variants are associated also with the length of the
telomeres: this suggests that some mechanisms of accelerated cellular
ageing are involved in the pathogenesis of emphysema. Other analyses
have led to identifying genetic variants associated with different charac-
teristics of the COPD [45-50]: i) limitation to the airflow (CHRNA3/5,
IREB2, HHIP, FTO); ii) emphysema (CHRNA3/5, BICD1); iii) exacerbation
frequency (HHIP); iv) BMI (e.g., HHIP, FTO); v) plasma levels of two pro-
teins secreted from the lungs and related to COPD, CC16 and SP-D. Many
of these associations were suggestive rather than genomewide signifi-
cant and will require replication in additional studies.

Because of the amount of information that is starting to be produced,
one of the biggest challenges, once the genomic data for particular phe-
notypes are available, is to go beyond the macro-molecular sequences in
order to reach a higher level of integration, in a biological prospective
such as clinical prognosis and response to medicinal products. The final
objective of this integration is the possibility of identifying the subjects
who are predisposed to COPD and to know which polymorphisms may
affect their prognosis and their responsiveness to treatment.

Conclusions

The ECLIPSE study, carried out with a cohort characterised by subjects
who were followed for 3 years, has provided a more clear vision of COPD
as a complex and heterogeneous pathology, with variable progression,
characterised by clinically important distinct types of patients, or pheno-
types, who may have different prognosis or treatment requirements.

The complexity of the disease suggests that the assessment of its
severity in patients requires a multidimensional approach. Within this
context, the GOLD guidelines, in the 2011 edition, have proposed a new
model for the assessment of the severity of the COPD and for its phar-
macological management, which took into account, in addition to the
FEV1 value, also the level of symptoms and the risk of exacerbations. This
represents a major change since we have moved from a purely functional
assessment to an assessment of clinical risk. Since the ECLIPSE study
has shown that the main predictive factor of frequent exacerbations is a
history of prior events, an accurate investigation of the clinical history
related to exacerbations becomes highly important for the characterisa-
tion of patients and for the choice of treatment. So, given the clinical and
economic importance of these events, frequent exacerbators should be
targeted for effective exacerbation prevention, which is now recognized
as a primary goal of maintenance therapy for COPD [1]. There is evi-
dence from large clinical studies that the treatment with an inhaled cor-
ticosteroid-LABA combination significantly decreases the annual rate of
exacerbations in comparison with the LABA alone [23,51,52]. A meta-
analysis by Nannini et al. confirmed these findings [53]. Therefore, from
available evidence, ICS/LABA combinations give the best results in pa-
tients with moderate or severe obstruction and risk of exacerbations. For

the infrequent exacerbator phenotype, the treatment could based mainly
on long-acting bronchodilators, alone or in combination.

As for the identification of biomarkers capable of not only identifying
the subjects with an increased risk for the disease but also capable of
identifying the phenotypes, predicting the severity or the progression
of the disease and the responsiveness to the treatment, it emerges,
from an analysis of the ECLIPSE study to date, that no single biomarker
seems to fully meet all the necessary requirements. However, some po-
tential markers of the progression of the disease have been identified,
the validation of which requires the replication of the data in other co-
horts of patients with COPD. 

More studies are needed, particularly genetic studies, to reach a
higher degree of integration of the genomic data with the possibility of
identifying the subjects who are predisposed to COPD and to know
which polymorphisms can affect phenotype, prognosis and responsive-
ness to treatment.
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