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ABSTRACT
Our understanding of chronic obstructive pulmonary
disease (COPD) has changed dramatically over the past
two decades. We have moved from an airflow limitation-
centric view to the realisation that COPD is a complex
and heterogeneous disease, which leads inevitably to
the need for personalising the assessment and treatment
of patients with COPD. This review provides a brief
perspective of the extraordinary transition that the COPD
field has experienced in the last two decades, and
speculates on how it should/can move forward in the
near future in order to really achieve the goal of
personalising COPD medicine in the clinic.

INTRODUCTION
Our understanding of chronic obstructive pulmon-
ary disease (COPD) has changed dramatically over
the past two decades.1 We have moved from an
airflow limitation (forced expiratory volume in 1 s,
FEV1)-centric view of the disease2 to the realisation
that COPD is a complex and heterogeneous condi-
tion.3 4 It is important to emphasise that, in this
context, ‘complex’ means that COPD has a number
of intrapulmonary and extrapulmonary components
whose dynamic interactions along time are not
linear, whereas ‘heterogeneous’ indicates that not all
of these components are present in all individuals at
any given time point.5 This realisation inevitably
leads to the need for personalising the assessment
and treatment of patients with COPD.1 5

The Global Strategy for the Diagnosis,
Management and Prevention of COPD (GOLD) has
already started to move in that direction.4 Since
2011, GOLD recommends a multidimensional
assessment of patients with COPD that, while
keeping the severity of airflow limitation (as deter-
mined by FEV1, percentage reference) still a core
component of the proposal,2 includes two new
dimensions: symptoms experienced by the patient
and the risk of future exacerbations.4 This is because
the relationship of FEV1 with these two important
dimensions of the disease is weak.3 Instead, dys-
pnoea is a better prognostic indicator of mortality in
COPD,6 and the previous history of exacerbations is
the best surrogate marker of the risk of future
exacerbations.7 Clearly, this is a step towards perso-
nalised medicine in the clinic (figure 1), but it is not
likely to be the last one.5

This review provides a brief perspective of the
extraordinary transition that the COPD field has
experienced in the last two decades, and speculates
on how it should/ can move forward in the near
future in order to achieve the goal of really perso-
nalising COPD medicine in the clinic (figure 2).

THE COPD STONE AGE: AN FEV1-CENTRIC
VIEW
It was only 15–20 years ago, ‘yesterday’ in histor-
ical terms, when COPD was basically a neglected,
almost orphan,8 disease. At that time, COPD was
viewed as a self-inflicted disease for which basically
nothing could be done other than persuading the
patient to quit smoking and use some short-acting
bronchodilators and/or theophylline, which were
frequently associated with significant side effects.
Available treatment was basically ‘inherited’ from
asthma, which at that time clearly dominated the
respiratory scientific scene.9 This landscape began
to change in 2001 when the first GOLD document
was released.10 This initiative of the Heart, Lung,
and Blood Institute and the WHO has had a pro-
found effect in the field. According to its initial
declaration, its objectives were ‘to increase aware-
ness of COPD and to help patients suffering this
disease and dying prematurely from it or its com-
plications’.10 It certainly achieved these goals, since
GOLD has contributed extraordinarily to the rise
in awareness of the prevalence and burden of the
disease.11 Yet, in the context of this paper, it
should be noted that both this first GOLD docu-
ment10 as well as the first revision released in
20062 were FEV1-centric, since the degree of
airflow limitation present was central for the diag-
nosis, assessment and treatment of COPD.

THE COPD RENAISSANCE: COMPLEXITY,
PHENOTYPES AND STRATIFIED MEDICINE
A second major change in the field of COPD
occurred in November 2011 when the third revision
of the GOLD document was released.4 This change
was fuelled by the realisation that COPD was a
complex and heterogeneous disease with a number
of intrapulmonary and extrapulmonary compo-
nents,12 13 and that FEV1 had a weak relationship
with them.3 In other words, FEV1 was a necessary
but insufficient parameter to characterise the com-
plexity and severity of COPD and to guide its treat-
ment.14 15 Following from this, GOLD 2011
proposed a three-dimensional assessment of COPD
which, while still considering the severity of airflow
limitation (eg, FEV1), also includes the level of
symptoms experienced by the patient and the previ-
ous history of exacerbations to predict the risk of
future exacerbations.4 This proposal was, however,
by and large not based on evidence but rather on
‘expert opinion’. It is not surprising, therefore, that
many questions arose after its publication16 since,
according to Niels Bohr (Copenhagen, Denmark,
1885–1962), “an expert is a person who has made
all the mistakes that can be made in a very narrow
field”.17

On the other hand, in order to deal with the
complexity of COPD, the investigation of COPD
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‘phenotypes’ became very popular.18–20 The term phenotype
classically refers to ‘any observed quality of an organism, such
as its morphology, development or behaviour’, as opposed to its
genotype—the inherited instructions it carries, which may or
may not be expressed.21 The phenotype is composed of traits or
characteristics, some of which are controlled entirely by the
individual’s genes whereas others are controlled by genes but
are significantly affected by environmental factors.21 This defin-
ition is hard to apply to clinical medicine since some pheno-
types so defined may be completely irrelevant for the disease
process of interest. In 2010, another group of experts therefore
proposed the concept of a ‘clinical COPD phenotype’ as ‘a
single or combination of disease attributes that describe differ-
ences between individuals with COPD as they relate to clinically
meaningful outcomes (symptoms, exacerbations, response to

therapy, rate of disease progression, or death)’.22 This intellec-
tual process is depicted graphically in figure 3. Because COPD is
a heterogeneous disease (as represented by the different colours
in figure 3A), the concept of a clinical phenotype attempted to
provide some order by grouping patients with similar clinically
relevant characteristics (figure 3B). However, in real life,
patients with COPD are not only heterogeneous but also
complex, indicating that different clinical characteristics can
occur in varying proportions in any given patient (figure 3C).
Therefore, although the concept of a clinical phenotype is
useful for research in order to understand the heterogeneity of
the disease, it is of limited use in clinical practice, which deals
with individual patients (personalised medicine) and not with
groups of patients classified according to a particular clinical
phenotype (stratified medicine) (figure 2).5

THE COPD FUTURE: PERSONALISED (P4) MEDICINE
Niels Bohr also said: “It’s difficult to make predictions, espe-
cially about the future”.23 In the context of this paper, however,
it is hard to fail if the prediction is that the future of COPD
(and medicine in general) is to become more ‘personalised’. Of
note, personalised medicine is not exactly the same as ‘indivi-
dualised’ medicine (M Perpiña, Valencia, Spain; personal com-
munication). Fortunately, the practice of medicine has been
‘individualised’ for the last 2000–3000 years at least.5 The term
‘personalised’ medicine goes beyond that of ‘individualised’
medicine since it pretends that, based on the individual’s
genome (personalised), predictions about future risks can be
made and, accordingly, preventive strategies can be

Figure 1 Pictorial representation of the important paradigm change proposed by GOLD at the end of 2011. The traditional (2006) assessment and
treatment scheme for chronic obstructive pulmonary disease was centred almost exclusively on the severity of airflow limitation (as determined by
the forced expiratory volume in 1 s (FEV1) value) whereas the new one (2011) is multidimensional. This represents the move from ‘one size fits all’
towards a personalised medicine approach in the clinic (bottom). For further explanation, see text.

Figure 2 Temporal evolution of the understanding and management
of chronic obstructive pulmonary disease. FEV1, forced expiratory
volume in 1 s. For further explanation, see text. Reprinted with
permission of the American Thoracic Society. Copyright © 2014
American Thoracic Society. Agusti A. Phenotypes and disease
characterization in chronic obstructive pulmonary disease. Toward the
extinction of phenotypes? Ann Am Thorac Soc 2013;10:S125–30.
Official Journal of the American Thoracic Society.
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implemented, most often requiring the participation of the
patient. This is why ‘personalised medicine’ is also known as
‘P4 medicine’.1 24

So the real question is not where we are heading (P4 medi-
cine) but how we are going to get there. To help us think about
this, a number of domains and characteristics of COPD that
may be clinically relevant (ie, may eventually become thera-
peutic targets) but are not currently included in the GOLD
recommendations are discussed below,4 as well as a potential
way to integrate these different actionable (ie, treatable)
domains into clinical practice (the COPD control panel), as pro-
posed recently.25

What are we currently missing?
I have no doubt that the new GOLD multidimensional assess-
ment proposal4 marks a point of no return in our understanding
and management of COPD (figure 1). However, ‘transformation
is a process, not an event’,26 so there is no reason to believe that
the current proposal is the end of the story. Rather, it is likely to
be the beginning of a transformative process. Hence, it is legit-
imate to ask what other domains of the disease will probably
have to be incorporated to evolve, improve and refine the
current situation. Box 1 presents some of them. The list does
not pretend to be exhaustive and is only presented to stimulate
the scientific debate. Comorbidities, which are highly prevalent
in patients with COPD,3 27 are not discussed here since they are
repeatedly discussed in the current GOLD document.4

COPD is ‘a common preventable and treatable disease, char-
acterised by persistent airflow limitation that is usually progres-
sive and associated with an enhanced chronic inflammatory
response in the airways and the lung to noxious particles or
gases’.4 Despite the fact that this definition refers to the chronic

inflammatory process that characterises the disease, both in the
lungs28 and the systemic circulation,29 no specific recommenda-
tions are made on how to measure and monitor it and/or what
therapeutic alternatives should be used based on the assessment
of this abnormal inflammatory response. Yet, some recent
reports are beginning to pave the way towards the use of inflam-
matory markers in the management of COPD. For instance, the
systemic inflammome associated with both smoking and COPD
has recently been described (figure 4).30 Importantly, the results
showed that, contrary to established beliefs,29 not all patients
with COPD have persistent systemic inflammation (in fact,
about a third of them appear to be persistently non-inflamed30)
and that, despite having similar FEV1 values, patients with

Figure 3 Cartoon representation of complexity and potential alternatives for assessment and management of chronic obstructive pulmonary
disease (COPD). Each node represents one theoretical patient and each colour represents one clinical characteristic. For further explanation, see text.

Box 1 Clinically relevant domains to potentially consider
in the future management of chronic obstructive
pulmonary disease

▸ Inflammation
– Pulmonary
– Systemic

▸ Lung microbiome
▸ Disease activity
▸ Imaging

– Emphysema
– Lung cancer
– Bronchiectasis
– Molecular imaging

▸ Others (open for suggestions and debate!)
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persistent inflammation had more frequent exacerbations and a
six times higher mortality during 3 years of follow-up than
patients without inflammation.30 These results have now been
reproduced in other cohorts31 and, more importantly, ‘inflam-
mometry’ has now been used in pilot studies to guide therapy in
COPD with very encouraging results.32 33 It is therefore con-
ceivable that, somehow, inflammatory markers will sooner or
later be included in the routine management of patients with
COPD.

Chronic airway ‘colonisation’ is known to occur in some
patients with otherwise clinically stable COPD.34–36 It is likely
to impact negatively on their clinical course by increasing the
symptoms (chronic cough and expectoration), accelerating their
rate of FEV1 decline and/or promoting the occurrence of
exacerbations.37 38 Yet again, current recommendations do not
mention when and how this should be diagnosed, monitored or
treated. Even more importantly, the old dogma that the healthy
human lung is sterile is wrong.39 The use of modern molecular
techniques rather than the old culture-based methods has
opened a new frontier in respiratory medicine40 by showing
that even healthy lungs display a complex ‘microbiome’, and
that this changes in many diseases including COPD.41–49 The
influence of changes in the lung microbiome of patients with
COPD (either spontaneous or induced by treatment) on clinic-
ally relevant domains of the disease such as symptoms, exacer-
bations, rate of FEV1 decline, predisposition to lung cancer and/
or relationship with pulmonary and systemic inflammation, as
discussed above, will have to be investigated and eventually
included in the clinical assessment and management of these
patients.

A third domain that will probably need to be considered in
the future is that of ‘disease activity’.50 This concept refers to
the ‘level of activation of the biological processes that drive
disease progression’.51 It is well established in other chronic dis-
eases, such as rheumatoid arthritis, where it is clearly

differentiated from that of ‘severity’ of the disease (ie, the
extent of functional loss of the target organ(s)), that of ‘early
versus late’ disease (ie, the time point in the natural history of a
disease at which it is diagnosed or studied) and/or that of the
‘impact’ of the disease on the patient (ie, health status).51

Despite its clear importance in order to guide therapy,50 there is
no consensus yet on what marker(s) should be used to evaluate
and monitor disease activity in COPD. Some recent reports
have suggested that the presence of eosinophils is a controllable
aspect of the disease which is present in some patients with
COPD.32 52–55 Further, some clinical surrogates can be con-
ceived. First, now we know that—again contrary to the estab-
lished dogma56—not all patients with COPD have an
accelerated decline of lung function with time,57 it is conceiv-
able that those with it have more ‘active’ disease than those
without it (table 1). Similarly, it is conceivable that patients with
frequent exacerbations also have more ‘active’ disease than
those without exacerbations.7 In any case, the investigation of
disease activity biomarkers is clearly one of the areas that can
contribute more to personalise medicine in patients with COPD
in the near future.

Another aspect of COPD which is currently neglected in the
routine clinical management of these patients, despite cumula-
tive evidence of its potential importance, is the rapidly evolving
field of thoracic imaging (table 1) including low-dose CT scan-
ners, positron emission tomography and other techniques of
molecular imaging.58–60 Whether or not the routine manage-
ment of patients with COPD should involve this sort of imaging
technique is currently unclear. However, as an example, a single
CT scan can provide information on the presence of emphy-
sema,61 lung cancer,62 bronchiectasis63 and coronary artery cal-
cification,64 as well as others such as pulmonary emboli, column
osteoporosis and pectoralis muscle mass. All of them are clinic-
ally relevant and potentially actionable (ie, treatable). For
instance, the identification of emphysema or lung cancer may be

Figure 4 The systemic inflammome of smoking and chronic obstructive pulmonary disease (COPD). Each node represents one circulating
inflammatory biomarkers (as per the colour code shown in the slide), whose diameter is proportional to the number of subjects in each group
(non-smokers, smokers with normal spirometry and patients with COPD) with abnormal values of that particular biomarker. Nodes are connected if
participants present abnormal values of both biomarkers, the width of the link being proportional to the number of subjects in that group with
abnormal values of the two linked biomarkers (as indicated in the figure). For further explanation, see text. Reproduced from Agusti et al.30
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relevant per se but, more importantly, because of their often
ignored inter-relationship. In this context, it is well established
that tobacco smoking is the major risk factor for both COPD
and lung cancer, even though not all smokers develop these dis-
eases. What is often less appreciated, however, is that the risk of
lung cancer is significantly higher in smokers who have devel-
oped COPD, particularly emphysema.65 In fact, it is exceptional
to see a patient with lung cancer and normal spirometry. Given
that survival in patients with lung cancer is directly related to
early diagnosis,66 it is possible that a greater awareness of lung
cancer risk in patients with COPD might have a significant clin-
ical impact.67 Unfortunately, few physicians today think about
lung cancer risk in front of a patient with COPD, despite the
fact that other surrogates of emphysema (such as carbon mon-
oxide transfer factor) appear also to predict the risk of lung
cancer in patients with COPD.65 Intervention to reduce the inci-
dence of lung cancer in patients with COPD (eg, chemopreven-
tion or screening) should be intensively investigated. Likewise,
bronchiectasis is prevalent in patients with COPD68–70 and,
importantly, it appears to be significantly associated with an
increased risk of mortality.63 Yet, whether this should be investi-
gated routinely in all patients with COPD, how to do this and
what to do if it is found is not currently considered.
Furthermore, the relationship between bronchiectasis identified
clinically or by imaging and the lung microbiome, as discussed
above, is currently unclear. The identification of coronary artery
calcification in these patients64 may also be clinically relevant,
given the high prevalence of cardiovascular disease in COPD.71

Finally, the development of molecular imaging techniques may
facilitate the diagnosis and monitoring of pulmonary inflamma-
tion, changes in the microbiome and/or early diagnosis of lung
cancer in COPD,58 59 a disease component that, as discussed
above, is currently ignored.

How can we put all this together?
In my opinion, the answer to this question requires the consid-
eration of two different aspects. First, the integration of mul-
tiple levels of data (environmental, clinical, biological and
genetic) using network science.1 72–74 As shown in figure 5, this
approach has the potential to deliver clinically relevant out-
comes from each of these four levels,72 including the identifica-
tion of genetic markers that facilitate the assessment of risk of
future events (lung function decline, exacerbations, comorbid-
ities), biomarker validation and new therapeutic targets identifi-
cation, clinical decision support systems (CDSS) and other
integrated care tools, and lifestyle changes, all of which are
important in the prevention and treatment, of chronic diseases
like COPD.75

The second aspect has to do with the best way to implement
all this new information in real clinical practice. If the current
three-domain assessment system proposed by GOLD4 has
already been criticised because of its complexity,76 needless to
say a much more complex system like the one proposed here
may not be well received. Yet the answer is not difficult and may
come from other fields such as engineering. Using the analogy
of aeroplane pilots who, in order to fly the plane safely, need to
receive multidimensional information (eg, altitude, route,
weather conditions, fuel reserve, potential incoming aircraft),
we have recently proposed that a similar ‘control panel’ can
provide physicians with the actionable information necessary for
the best personalised treatment of a given patient.25 In essence,
this would be a sort of validated CDSS that, importantly, can be
customised to make it simpler or more complex depending on
the local practice circumstances (eg, primary vs specialised care).
The original COPD control panel proposal25 included three
modules (severity, activity and impact), each of them including a
number of related and actionable variables. Of course this

Figure 5 Multilevel (environmental, clinical, biological and genetic) network approach to chronic obstructive pulmonary disease (COPD)
complexity. On the right is a list of potential outcomes from each level of potential usefulness for a COPD personalised approach. For further
explanation, see text. Reprinted with permission of the American Thoracic Society. Copyright © 2014 American Thoracic Society. Cite: Agusti A,
Vestbo J. Current controversies and future perspectives in chronic obstructive pulmonary disease. Am J Respir Crit Care Med 2011;184:507–13.
Official Journal of the American Thoracic Society.
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proposal is only conceptual and has not been adequately vali-
dated, so the specific content of each module requires research.
However, we believe that the concept is valid in order to pro-
gress to COPD personalised medicine in clinical practice. Yet
again this is an evolving concept. For instance, a very recent pre-
specified analysis in 5125 patients with COPD included in the
Prevention Of Exacerbations with Tiotropium in COPD
(POET-COPD) trial77 showed that polymorphisms of the
β2-adrenergic receptor (ADRB2) gene (Arg16Gly (rs1042713)
and Gln27Glu (rs1042714)) did indeed influence the effect of
long-acting bronchodilators (tiotropium vs salmeterol) in the
prevention of exacerbations.78 This is therefore a good example
of pharmacogenetic testing being considered in the personalised
treatment of COPD and, in my opinion, it paves the way
towards the future incorporation of a fourth ‘omics’ module in
a refined COPD control panel (figure 6).

CONCLUSIONS
This review attempts to convey some (personal) perspective to
the extraordinary series of changes that have occurred in the
field of COPD over the last two decades or less, where we have
been liberated by moving away from an FEV1-centric view of
the disease to one which also considers clinically relevant
domains of the disease such as the level of current symptoms
and the history of previous exacerbations.4 It is proposed,
however, that the future of COPD will inevitably become even
more personalised, and a series of components of the disease
that may provide additional, independent and clinically useful
information for a better management of patients with COPD
are discussed. Finally, it is suggested that a COPD control panel
seems an appropriate CDSS that can be tailored to different
clinical conditions and needs. All in all, this approach might
help to sort out the differential diagnostic of airflow limitation
due to other chronic respiratory diseases and/or ageing79 to
facilitate the development of novel therapeutic drugs by

recruiting discrete subgroups of patients with COPD into clin-
ical trials80 and, eventually, to manage COPD more efficiently.33

Acknowledgements This review is the result of many previous discussions with
colleagues and friends in the field, to whom I am grateful. Discussions finally
crystalised into this paper during a visit to Tokyo ( Japan) in March 2014. I want to
thank my family (my wife in particular) for allowing me the time required for these
activities.

Funding ISCiii PI041966/2012 and PI10/00523

Competing interests AA is a member of the Scientific Committee and Board of
GOLD.

Provenance and peer review Not commissioned; internally peer reviewed.

REFERENCES
1 Agusti A, Sobradillo P, Celli B. Addressing the complexity of chronic obstructive

pulmonary disease: from phenotypes and biomarkers to scale-free networks, systems
biology, and P4 medicine. Am J Respir Crit Care Med 2011;183:1129–37.

2 Rabe KF, Hurd S, Anzueto A, et al. Global strategy for the diagnosis, management,
and prevention of chronic obstructive pulmonary disease: GOLD executive summary.
Am J Respir Crit Care Med 2007;176:532–55.

3 Agusti A, Calverley P, Celli B, et al. Characterisation of COPD heterogeneity in the
ECLIPSE cohort. Respir Res 2010;11:122–36.

4 Vestbo J, Hurd SS, Agusti AG, et al. Global strategy for the diagnosis, management
and prevention of chronic obstructive pulmonary disease, GOLD executive summary.
Am J Respir Crit Care Med 2013;187:347–65.

5 Agusti A. Phenotypes and disease characterization in chronic obstructive pulmonary
disease. Toward the extinction of phenotypes? Ann Am Thorac Soc 2013;10:S125–30.

6 Nishimura K, Izumi T, Tsukino M, et al. Dyspnea is a better predictor of 5-year
survival than airway obstruction in patients with COPD. Chest 2002;121:1434–40.

7 Hurst JR, Vestbo J, Anzueto A, et al. Susceptibility to exacerbation in chronic
obstructive pulmonary disease. N Engl J Med 2010;363:1128–38.

8 Rennard SI, Vestbo J. The many “small COPDs”: COPD should be an orphan
disease. Chest 2008;134:623–7.

9 Bousquet J. Global initiative for asthma (GINA) and its objectives. Clin Exp Allergy
2000;30(Suppl 1):2–5.

10 Pauwels RA, Buist AS, Calverley PM, et al. Global strategy for the diagnosis,
management, and prevention of chronic obstructive pulmonary disease. NHLBI/WHO
Global Initiative for Chronic Obstructive Lung Disease (GOLD) Workshop summary.
Am J Respir Crit Care Med 2001;163:1256–76.

11 Halbert RJ, Natoli JL, Gano A, et al. Global burden of COPD: systematic review and
meta-analysis. Eur Respir J 2006;28:523–32.

Figure 6 Chronic obstructive pulmonary disease control panel for personalised medicine in the clinic. Each of the three modules (severity, activity
and impact) provides information on an actionable (ie, treatable) component of the disease. CAT, COPD Assessment Test; FEV1, forced expiratory
volume in 1 s; IC, inspiratory capacity; mMRC, modified Medical Research Council dyspnoea score; 6MWD, 6 min walk distance; PaO2, arterial
oxygen tension; TLC, total lung capacity. For further explanation, see text. Reproduced with permission from Agusti and MacNee.25

862 Agusti A. Thorax 2014;69:857–864. doi:10.1136/thoraxjnl-2014-205507

Review

 on A
pril 16, 2024 by guest. P

rotected by copyright.
http://thorax.bm

j.com
/

T
horax: first published as 10.1136/thoraxjnl-2014-205507 on 29 A

pril 2014. D
ow

nloaded from
 

http://thorax.bmj.com/


12 Wouters EF, Creutzberg EC, Schols AM. Systemic effects in COPD. Chest
2002;121:127S–30S.

13 Agusti AG, Noguera A, Sauleda J, et al. Systemic effects of chronic obstructive
pulmonary disease. Eur Respir J 2003;21:347–60.

14 Agusti A. Chronic obstructive pulmonary disease: beyond the forced expiratory
manoeuvre. Respiration 2008;75:136–7.

15 Rennard SI, Vestbo J, Agusti A. What is chronic obstructive pulmonary disease
anyway?: continua, categories, cut points, and moving beyond spirometry. Am J
Respir Crit Care Med 2013;187:1036–7.

16 Agusti A, Hurd S, Jones P, et al. Frequently asked questions (FAQs) about the GOLD
2011 assessment proposal of COPD. Eur Respir J 2013;42:1391–401.

17 Bohr N. https://www.goodreads.com/author/quotes/821936.Niels_Bohr (accessed 9
March 2014).

18 Marsh SE, Travers J, Weatherall M, et al. Proportional classifications of COPD
phenotypes. Thorax 2008;63:761–7.

19 Miravitlles M, Jose Soler-Cataluna J, Calle M, et al. Treatment of COPD by clinical
phenotypes. Putting old evidence into clinical practice. Eur Respir J
2013;41:1252–6.

20 Sevenoaks MJ, Stockley RA. Chronic obstructive pulmonary disease, inflammation
and co-morbidity: a common inflammatory phenotype? Respir Res 2006;7:70.

21 Freimer N, Sabatti C. The human phenome project. Nat Genet 2003;34:15–21.
22 Han MK, Agusti A, Calverley PM, et al. Chronic obstructive pulmonary disease

phenotypes: the future of COPD. Am J Respir Crit Care Med 2010;182:598–604.
23 Bohr N. http://quoteinvestigator.com/2013/10/20/no-predict/ (accessed 9 March

2014).
24 Galas DJ, Hood L. Systems biology and emerging technologies will catalyze the

transition from reactive medicine to predictive, personalized, preventive and
participatory (P4) medicine. IBC 2009;1:1–4.

25 Agusti A, MacNee W. The COPD control panel: towards personalised medicine in
COPD. Thorax 2013;68:687–90.

26 Kotter JP. http://www.goodreads.com/quotes/
708508-transformation-is-a-process-not-an-event (accessed 10 March 2014).

27 Miller J, Edwards LD, Agusti A, et al. Comorbidity, systemic inflammation and
outcomes in the ECLIPSE cohort. Respir Med 2013;107:1376–84.

28 Hogg JC, Chu F, Utokaparch S, et al. The nature of small-airway obstruction in
chronic obstructive pulmonary disease. N Engl J Med 2004;350:2645–53.

29 Fabbri LM, Rabe KF. From COPD to chronic systemic inflammatory syndrome?
Lancet 2007;370:797–9.

30 Agusti A, Edwards LD, Rennard SI, et al. Persistent systemic inflammation is
associated with poor clinical outcomes in COPD: a novel phenotype. PLoS ONE
2012;7:e37483.

31 Thomsen M, Ingebrigtsen TS, Marott JL, et al. Inflammatory biomarkers and
exacerbations in chronic obstructive pulmonary disease. JAMA 2013;309:2353–61.

32 Siva R, Green RH, Brightling CE, et al. Eosinophilic airway inflammation and
exacerbations of COPD: a randomised controlled trial. Eur Respir J
2007;29:906–13.

33 McDonald VM, Higgins I, Wood LG, et al. Multidimensional assessment and
tailored interventions for COPD: respiratory utopia or common sense? Thorax
2013;68:691–4.

34 Soler N, Ewig S, Torres A, et al. Airway inflammation and bronchial microbial
patterns in patients with stable chronic obstructive pulmonary disease. Eur Respir J
1999;14:1015–22.

35 Zalacaín R, Sobradillo V, Amilibia J, et al. Predisposing factors to bacterial
colonization in chronic obstructive pulmonary disease. Eur Respir J 1999;13:343–8.

36 Murphy TF, Brauer AL, Schiffmacher AT, et al. Persistent colonization by
Haemophilus influenzae in chronic obstructive pulmonary disease. Am J Respir Crit
Care Med 2004;170:266–72.

37 Sethi S, Maloney J, Grove L, et al. Airway inflammation and bronchial bacterial
colonization in chronic obstructive pulmonary disease. Am J Respir Crit Care Med
2006;173:991–8.

38 Desai H, Eschberger K, Wrona C, et al. Bacterial colonization increases daily
symptoms in patients with chronic obstructive pulmonary disease. Ann Am Thorac
Soc 2014;11:303–9.

39 Martin RJ, Flores S, Kraft M. The lung microbiome. A new frontier in pulmonary
medicine: introduction and perspective. Ann Am Thorac Soc 2014;11(Suppl 1):S1–2.

40 Kiley JP, Caler EV. The lung microbiome. A new frontier in pulmonary medicine.
Ann Am Thorac Soc 2014;11(Suppl 1):S66–70.

41 Sethi S. Chronic obstructive pulmonary disease and infection. Disruption of the
microbiome? Ann Am Thorac Soc 2014;11(Suppl 1):S43–7.

42 Cabrera-Rubio R, Garcia-Nunez M, Seto L, et al. Microbiome diversity in the
bronchial tracts of patients with chronic obstructive pulmonary disease. J Clin
Microbiol 2012;50:3562–8.

43 Molyneaux PL, Mallia P, Cox MJ, et al. Outgrowth of the bacterial airway
microbiome after rhinovirus exacerbation of chronic obstructive pulmonary disease.
Am J Respir Crit Care Med 2013;188:1224–31.

44 Martinez FJ, Erb-Downward JR, Huffnagle GB. Significance of the microbiome in
chronic obstructive pulmonary disease. Ann Am Thorac Soc 2013;10(Suppl):
S170–9.

45 Han MK, Huang YJ, Lipuma JJ, et al. Significance of the microbiome in obstructive
lung disease. Thorax 2012;67:456–63.

46 Dickson RP, Huang YJ, Martinez FJ, et al. The lung microbiome and viral-induced
exacerbations of chronic obstructive pulmonary disease: new observations, novel
approaches. Am J Respir Crit Care Med 2013;188:1185–6.

47 Pragman AA, Kim HB, Reilly CS, et al. The lung microbiome in moderate and severe
chronic obstructive pulmonary disease. PLoS ONE 2012;7:e47305.

48 Pragman AA, Kim HB, Reilly CS, et al. The lung microbiome in moderate and severe
chronic obstructive pulmonary disease. Ann Am Thorac Soc 2014;11(Suppl 1):
S77–8.

49 Sze MA, Dimitriu PA, Hayashi S, et al. The lung tissue microbiome in chronic
obstructive pulmonary disease. Am J Respir Crit Care Med 2012;185:1073–80.

50 Vestbo J, Rennard S. Chronic obstructive pulmonary disease biomarker(s) for disease
activity needed—urgently. Am J Respir Crit Care Med 2010;182:863–4.

51 Agusti A, Celli B. Avoiding confusion in COPD: from risk factors to phenotypes to
measures of disease characterisation. Eur Respir J 2011;38:749–51.

52 Brightling CE, Monteiro W, Ward R, et al. Sputum eosinophilia and short-term
response to prednisolone in chronic obstructive pulmonary disease: a randomised
controlled trial. Lancet 2000;356:1480–5.

53 Brightling CE, McKenna S, Hargadon B, et al. Sputum eosinophilia and the short
term response to inhaled mometasone in chronic obstructive pulmonary disease.
Thorax 2005;60:193–8.

54 Bafadhel M, McKenna S, Terry S, et al. Acute exacerbations of COPD: identification
of biological clusters and their biomarkers. Am J Respir Crit Care Med
2011;184:662–71.

55 Bafadhel M, McKenna S, Terry S, et al. Blood eosinophils to direct corticosteroid
treatment of exacerbations of chronic obstructive pulmonary disease. Am J Respir
Crit Care Med 2012;186:48–55.

56 Fletcher C, Peto R. The natural history of chronic airflow obstruction. Br Med J
1977;1:1645–8.

57 Vestbo J, Edwards LD, Scanlon PD, et al. Changes in forced expiratory volume in 1
second over time in COPD. N Eng J Med 2011;365:1184–92.

58 Ntziachristos V. Optical imaging of molecular signatures in pulmonary inflammation.
Proc Am Thorac Soc 2009;6:416–18.

59 Haller J, Hyde D, Deliolanis N, et al. Visualization of pulmonary inflammation
using noninvasive fluorescence molecular imaging. J Appl Physiol 2008;104:
795–802.

60 Hoffman JM, Gambhir SS. Molecular imaging: the vision and opportunity for
radiology in the future. Radiology 2007;244:39–47.

61 Coxson HO, Dirksen A, Edwards L, et al. Change in lung density measured using
computed tomography in chronic obstructive pulmonary disease. Lancet Respir Med
2013;1:129–36.

62 Mets O, Schmidt M, Buckens C, et al. Diagnosis of chronic obstructive pulmonary
disease in lung cancer screening computed tomography scans: independent
contribution of emphysema, air trapping and bronchial wall thickening. Respir Res
2013;14:59.

63 Martinez-Garcia MA, de la Rosa D, Soler-Cataluna JJ, et al. Prognostic value of
bronchiectasis in patients with moderate-to-severe chronic obstructive pulmonary
disease. Am J Respir Crit Care Med 2013;187:823–31.

64 Williams MC, Murchison JT, Edwards LD, et al. Coronary artery calcification is
increased in patients with COPD and associated with increased morbidity and
mortality. Thorax 2014;69:718–23.

65 de Torres JP, Marin JM, Casanova C, et al. Lung cancer in patients with chronic
obstructive pulmonary disease: incidence and predicting factors. Am J Respir Crit
Care Med 2011;184:913–19.

66 Church TR, Black WC, Aberle DR, et al.; National Lung Screening Trial Research
Team. Results of initial low-dose computed tomographic screening for lung cancer.
N Engl J Med 2013;368:1980–91.

67 de-Torres JP, Casanova C, Marin JM, et al. Exploring the impact of screening with
low-dose CT on lung cancer mortality in mild to moderate COPD patients: a pilot
study. Respir Med 2013;107:702–7.

68 O’Brien C, Guest PJ, Hill SL, et al. Physiological and radiological characterisation of
patients diagnosed with chronic obstructive pulmonary disease in primary care.
Thorax 2000;55:635–42.

69 Patel IS, Vlahos I, Wilkinson TM, et al. Bronchiectasis, exacerbation indices, and
inflammation in chronic obstructive pulmonary disease. Am J Respir Crit Care Med
2004;170:400–7.

70 Martinez-Garcia MA, Soler-Cataluna JJ, Donat SY, et al. Factors associated with
bronchiectasis in patients with COPD. Chest 2011;140:1130–7.

71 Mullerova H, Agusti A, Erqou S, et al. Cardiovascular comorbidity in chronic
obstructive pulmonary disease: systematic literature review. Chest
2013;144:1163–78.

72 Agusti A, Vestbo J. Current controversies and future perspectives in chronic
obstructive pulmonary disease. Am J Respir Crit Care Med 2011;184:507–13.

73 Barabasi AL, Gulbahce N, Loscalzo J. Network medicine: a network-based approach
to human disease. Nat Rev Genet 2011;12:56–68.

74 Barabasi AL. Network medicine—from obesity to the “diseasome”. N Engl J Med
2007;357:404–7.

Agusti A. Thorax 2014;69:857–864. doi:10.1136/thoraxjnl-2014-205507 863

Review

 on A
pril 16, 2024 by guest. P

rotected by copyright.
http://thorax.bm

j.com
/

T
horax: first published as 10.1136/thoraxjnl-2014-205507 on 29 A

pril 2014. D
ow

nloaded from
 

https://www.goodreads.com/author/quotes/821936.Niels_Bohr
https://www.goodreads.com/author/quotes/821936.Niels_Bohr
http://quoteinvestigator.com/2013/10/20/no-predict/
http://quoteinvestigator.com/2013/10/20/no-predict/
http://quoteinvestigator.com/2013/10/20/no-predict/
http://www.goodreads.com/quotes/708508-transformation-is-a-process-not-an-event
http://www.goodreads.com/quotes/708508-transformation-is-a-process-not-an-event
http://www.goodreads.com/quotes/708508-transformation-is-a-process-not-an-event
http://www.goodreads.com/quotes/708508-transformation-is-a-process-not-an-event
http://www.goodreads.com/quotes/708508-transformation-is-a-process-not-an-event
http://www.goodreads.com/quotes/708508-transformation-is-a-process-not-an-event
http://www.goodreads.com/quotes/708508-transformation-is-a-process-not-an-event
http://www.goodreads.com/quotes/708508-transformation-is-a-process-not-an-event
http://www.goodreads.com/quotes/708508-transformation-is-a-process-not-an-event
http://www.goodreads.com/quotes/708508-transformation-is-a-process-not-an-event
http://thorax.bmj.com/


75 Bousquet J, Anto J, Sterk P, et al. Systems medicine and integrated care to combat
chronic noncommunicable diseases. Genome Med 2011;3:43.

76 Jones R, Price D, Chavannes N, et al. GOLD COPD categories are not fit for
purpose in primary care. Lancet Respir Med 2013;1:e17.

77 Vogelmeier C, Hederer B, Glaab T, et al. Tiotropium versus
salmeterol for the prevention of exacerbations of COPD. N Eng J Med
2011;364:1093–103.

78 Rabe KF, Fabbri LM, Israel E, et al. Effect of ADRB2 polymorphisms on the efficacy
of salmeterol and tiotropium in preventing COPD exacerbations: a prespecified
substudy of the POET-COPD trial. Lancet Respir Med 2014;2:44–53.

79 Postma DS, Brusselle G, Bush A, et al. I have taken my umbrella, so of course it
does not rain. Thorax 2012;67:88–9.

80 Vanfleteren LE, Kocks JW, Stone IS, et al. Moving from the Oslerian paradigm to the
post-genomic era: are asthma and COPD outdated terms? Thorax 2014;69:72–9.

864 Agusti A. Thorax 2014;69:857–864. doi:10.1136/thoraxjnl-2014-205507

Review

 on A
pril 16, 2024 by guest. P

rotected by copyright.
http://thorax.bm

j.com
/

T
horax: first published as 10.1136/thoraxjnl-2014-205507 on 29 A

pril 2014. D
ow

nloaded from
 

http://thorax.bmj.com/

	The path to personalised medicine in COPD
	Abstract
	Introduction
	The COPD Stone Age: an FEV1-centric view
	The COPD Renaissance: complexity, phenotypes and stratified medicine
	The COPD future: personalised (P4) medicine
	What are we currently missing?
	How can we put all this together?

	Conclusions
	References


