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ABSTRACT
Chronic obstructive pulmonary disease (COPD) is a heterogeneous disease associated with significant morbidity and 

mortality. Current diagnostic criteria are based on lung function impairment, symptoms, and exacerbation frequency but do 
not capture the heterogeneity of the disease in terms of the complex pathologic changes that occur within lung, the different 
airway inflammatory patterns, or the airway microbial ecology. Recognition of the importance of defining the heterogeneity of 
COPD has led to the identification of important phenotypes with specific biomarkers, treatment responses, and underlying 
pathophysiologic mechanisms. This review summarized the presentation at the Eastern Allergy Conference 2016, which 
considered how multidimensional phenotyping provides important clinical insights that enable the clinician to move toward a 
precision medicine approach for COPD.

(Allergy Asthma Proc 37:432-438, 2016; doi: 10.2500/aap.2016.37.3996)

Chronic obstructive pulmonary disease (COPD) is 
an important cause of morbidity and mortality, 

and is predicted to become the third leading cause of 
mortality worldwide by 2030.1,2 COPD is defined by 
airflow obstruction that is not fully reversible, does not 
change markedly over time, and is usually progres­
sive.1"3 Cigarette smoke is the main causative agent, 
although other exposures (e.g., occupational and bio­
mass fuel) are increasingly being recognized as impor­
tant. Exacerbations, an acute onset of sustained wors­
ening of the patient's symptoms from a usual stable 
state, are particularly important because these exacer­
bations are associated with high economic costs and 
accelerated lung function decline as well as having a 
negative impact on quality of life and mortality.1-5

Current diagnostic criteria do not fully capture the 
heterogeneity of COPD in terms of the complex patho­
logic changes that occur within lung, the different air­
way inflammatory patterns, or the airway microbial 
ecology. Considered herein was how recognition of the 
importance of defining the heterogeneity of COPD by 
using multidimensional phenotyping has led to the 
identification of important phenotypes, with specific 
biomarkers, treatment responses, and underlying 
pathophysiologic mechanisms.
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MULTIDIMENSIONAL COPD PHENOTYPING
A phenotype is composed of the observable charac­

teristics that result from gene-environment interac­
tions. To fulfill clinical and research goals, it has been 
proposed that "COPD phenotypes" should also be able 
to classify patients into distinct subgroups, provide 
prognostic information, be prospectively validated for 
each outcome, and ultimately alter clinically meaning­
ful outcomes.6 Most approaches to phenotyping have 
considered symptoms, e.g., chronic bronchitis. This ap­
proach is also reflected in guidelines that the Global 
Initiative for Chronic Obstructive Lung Disease cate­
gorizes COPD based on the degree of lung function 
impairment, symptoms, and exacerbation frequency 
into COPD A to D1 (Fig. 1). However, this does not 
include remodeling, lung damage, or inflammation in 
its classification nor does it integrate interactions be­
tween the gene and airway environment, e.g., airway 
microbial ecology.

Airway Damage and Remodeling: Emphysema and 
Small Airway Obliteration

Chronic airflow obstruction is due to a combination 
of emphysema (tissue damage with permanent dilata­
tion distal to the terminal bronchiole) and small airway 
obliteration.1-3 The distribution of emphysema can be 
centrilobular or panacinar. Small airways are the major 
site of airway obstruction in COPD. This small airways 
obliteration is due to a combination of remodeling and 
accumulation of inflammatory exudates within the air­
way lumen, both of which increase with disease sever­
ity (Fig. 2).7,8 Remodeling changes observed in COPD 
include disruption and loss of epithelial cilia, squa­
mous metaplasia of the respiratory epithelium, goblet 
cell hyperplasia and mucous gland enlargement, bron-
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Figure 1. The Global Initiative for Chronic Obstructive Lung 
Disease (GOLD) classification of chronic obstructive pulmonary 
disease (COPD) based on severity of symptoms (by using the 
modified Medical Research Council [MRC] or COPD assessment 
test [CAT] score), lung function (forced expiratory volume in 1 
second [FEVj] % predicted), and exacerbation frequency to derive 
GOLD stages A-D (adapted from Ref. 1).

chiolar smooth-muscle hypertrophy, airway wall fibro­
sis, and inflammatory cell infiltration.9'10

Analysis of data from computed tomography (CT) 
and micro-CT demonstrated a reduction in the number 
and luminal area of terminal bronchioles in COPD of 
varying severities,11 which has led to the suggestion 
that narrowing and the disappearance of small con­
ducting airways can explain the increased peripheral 
airway resistance reported in COPD.11 Quantitative CT 
has demonstrated that gas trapping more than emphy­
sema is related to lung function impairment but has 
also underlined the heterogeneity of proximal airway 
remodeling, gas trapping and emphysema in COPD, 
and severe asthma (Fig. 3).12 In addition, CT can show 
other common pathologies that coexist with COPD, 
such as bronchiectasis and interstitial lung abnormali­
ties, can be identified.13,14 Of note, CT lung densitom­
etry has benefits over lung function in terms of its 
sensitivity for detecting emphysema progression15 and 
provides regional data,16 which has led to the sugges­
tion that CT may be more useful than lung function to 
assess emphysema progression in clinical trials.

Airway Inflammation
The presence of airway inflammation in both stable 

COPD and exacerbation episodes is well recognized, 
with severity of airflow obstruction that correlates with 
airway inflammation, and with severe airflow obstruc­
tion associated with increased neutrophils, macro­
phages, and CD8+ lymphocytes in the bronchial mu­
cosa.17 Noninvasive measures of airway inflammation, 
most notably sputum cytology, has identified different

sputum  phenotypes determined by granulocyte 
composition termed neutrophilic, eosinophilic, mixed 
granulocytic, and paucigranulocytic.18,19 Although 
sputum cytology has underscored that neutrophilic 
inflammation is most commonly observed in COPD, a 
sputum eosinophilia is present in 10-40% of patients 
with COPD.20-23 In the Evaluation of COPD Longitu­
dinally to Identify Predictive Surrogate End Points co­
hort, repeated blood eosinophil counts were available 
in 1483 subjects over 3 years.24 By using a cutoff for 
blood eosinophils of 2%, 37% of subjects had persis­
tently elevated eosinophils, 49% were intermittent, and 
the remainder were noneosinophilic. The persistently 
eosinophilic group were older, predominantly male, with 
milder disease and fewer symptoms. Emphysema pro­
gression was greater in the noneosinophilic group,24 and, 
in contrast to severe asthma, there were no differences in 
lung function decline among the groups.

To further inform the understanding of the hetero­
geneity of COPD in a stable state, unbiased statistical 
approaches, e.g., cluster analysis, have been applied to 
large clinical data sets.25”28 Interestingly, these have 
underscored the importance of eosinophilic airway in­
flammation in asthma, COPD, and the asthma-COPD 
overlap syndrome.29 Ghebre et al.30 combined data 
from asthma and COPD, and identified three clusters. 
Cluster 1 consisted of subjects with asthma and with 
increased interleukin (IL) 5, IL-13, and CCL26 media­
tors, and eosinophil predominance. Cluster 2 consisted 
of an overlap between asthma and COPD, with neu­
trophil predominance, with 11% of patients with asthma 
having sputum eosinophilia. Cluster 3 consisted mainly 
of patients with COPD and with mixed granulocytic air­
way inflammation. The differences seen between neutro­
philic COPD in cluster 2 and eosinophilic COPD in clus­
ter 3 included the presence of increased bacterial 
colonization in the former and increased CCL13 in the 
latter, possibly explaining the observed airway inflam­
mation differences seen among these clusters.

Eosinophilic inflammation is also increased at exac­
erbations, as evidenced in studies of sputum,31 bron- 
choalveolar lavage,32 and bronchial biopsy speci­
mens.33 Indeed, eosinophilic, but not neutrophilic, 
inflammation increased at exacerbation in bronchoal- 
veolar lavage of patients with chronic bronchitis. At­
tempts have similarly been made to phenotype the 
biologic profiles of COPD exacerbations. Hurst et al.34 
studied 36 plasma biomarkers in 90 patients with 
COPD by looking at paired baseline and exacerbation 
samples. C-reactive protein, a nonspecific marker of 
infection, inflammation, and injury, was the most se­
lective but not sufficient alone to confirm an exacerba­
tion diagnosis. None of the systemic biomarkers exam­
ined in this study were useful to predict exacerbation 
severity. After a proteomic analysis of serum from 
patients with an exacerbation of COPD, serum amyloid
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Figure 2. Example photomicrographs of (A) a normal small airway and different processes of small airway obliteration, (B) mucus plugging, 
(C) airway inflammation and inflammatory exudates, and (D) subepithelial fibrosis and increased airway smooth-?nuscle mass (adapted from  
Ref 7).

Proximal Airway Air-trapping Emphysema
*

Figure 3. Fteterogeneity of computed tomography (CT) derived remodeling in asthma, chronic obstructive pulmonary disease (COPD), and 
healthy controls. Proximal airway wall thickening (%wall area [WA]), air-trapping (mean lung density expiratory-inspiratory [MLD E/I]), 
and emphysema (15th percentile of the Hounds field units as a measure of lung density [Pec 15]) (adapted from Ref. 12).

A (SAA) protein was identified as a putative bio­
marker.35 SAA, as with C-reactive protein, is increased 
at exacerbation onset compared with the stable state 
but is more sensitive than C-reactive protein alone. The 
SAA concentration was also related to the severity of 
the COPD exacerbation but was poorly related to eti­
ology, which indicated that it has limited value to 
directing therapy. Whether SAA has utility in predict­
ing a future risk of severity and poor outcomes re­
quires further study.

These studies34,35 compared the stable state with ex­
acerbations but did not fully classify the exacerbation 
event based on its potential etiology. Bafadhel et a/.31 
recruited 145 patients into an observational study with 
biomarkers from blood and serum assessed at stable 
state and during exacerbations for 1 year to define 
biomarkers to identify bacterial, viral, or eosinophilic- 
associated exacerbations. In this study, 55% of exacer­
bations were associated with bacteria, 29% with virus, 
and 28% with sputum eosinophilia. From a compre-

434 November-December 2016, Vol. 37, No. 6



Figure 4. Biologic clustering of chronic obstructive pulmonary 
disease (COPD) exacerbations. Cartesian plot, showing four clus­
ters "Thl-predominant"Th2-predominant," "proinflammatory 
and “pauci-inflammatory" in gray. Each ellipsoid is proportional to 
the number of subjects in each cluster (adapted from Ref. 31).

hensive biomarker panel of >30 mediators, differential 
cell counts in blood and sputum, and clinical variables, 
the biomarkers that best identified these clinical phe­
notypes were sputum IL-1/3, serum CXCL10, and per­
centage peripheral blood eosinophils, respectively. The 
observation that CXCL10 was the best biomarker for 
identifying viral exacerbations (sensitivity 80%, speci­
ficity 60%) is consistent with previous findings that 
CXCL10 increases between baseline and exacerbation 
in COPD exacerbations due to human rhinovirus.36 
When using unbiased cluster analysis, four biologic 
exacerbation clusters were identified, and these vali­
dated the a priori etiologic groups: "Proinflammatory" 
bacterial-predominant, "T-helper lymphocyte type 1 
viral-predominant," "T-helper lymphocyte type 2 eosi­
nophilic-predominant," and a fourth group that was 
termed "pauci-inflammatory" because this was associ­
ated with limited changes in the inflammatory profile 
(Fig. 4). Disease severity according to the Global Initia­
tive for Chronic Obstructive Lung Disease criteria was 
not different among these biologic clusters, and the 
biomarkers were associated with their respective po­
tential etiologies, independent of disease severity.

These findings supported the concept of different 
"exacerbation phenotypes." Interestingly, the eosino­
philic and bacterial-associated phenotypes were also 
observed in stable disease and predicted the future 
exacerbation phenotype. Patients experienced more 
bacterial exacerbations if their stable sputum samples 
contained bacteria and experienced more eosinophilic 
exacerbations if eosinophilic inflammation was present 
in the stable state, which indicates that these biomark­
ers, in addition to directing therapy during the exacer­
bation event, might identify subgroups to target ther­
apy with the aim of reducing future risk.

Airway Exposome: Microbial Ecology
The airway is continuously exposed to a variety of 

insults, which include pollutants (e.g., cigarette smoke), 
allergens, and pathogens. Infection caused by patho­
gens, such as bacteria, viruses, or a combination of 
these, is thought to have an important role in COPD 
pathogenesis. In nonexacerbating patients bacteria can 
be identified using traditional culture methods to iden­
tify presence of bacterial colonization.31,37'38 This colo­
nization is associated with increased airways inflam­
mation, poorer health status, and more rapid lung 
function decline.39-41 Molecular techniques that use 
pathogen-specific quantitative polymerase chain reac­
tion42,43 and sequencing44 provide insights into the 
microbial ecology and have demonstrated that, in sta­
ble disease, Haemophilus influenzae is associated with 
neutrophilic inflammation and increased proinflam­
matory cytokines.45,46 Interestingly, at exacerbation, 
Moraxella catarrhalis increases in association with con­
comitant amplification of inflammation.42

CLINICAL APPLICATIONS OF MULTISCALE 
COPD PHENOTYPING

Combinations of inhaled glucocorticoids, long-act­
ing /3-agonists, and long-acting muscarinic antago­
nists have been shown to improve symptoms and 
exercise tolerance as well as reduce exacerbations.1-3 
Increasing knowledge of disease pathology at m ul­
tiple scales improves our understanding of COPD 
and enables phenotype-specific clinical management. 
Inhaled and oral corticosteroids decrease eosinophilic 
bronchial mucosal inflammation45 and induced spu­
tum differential eosinophil count20-23, and the presence 
of sputum eosinophilia (>3%) in COPD is a good 
predictor of the short-term response to oral and in­
haled corticosteroid treatments in stable disease. Im­
portantly, a blood eosinophil count is also associated 
with a greater reduction in exacerbation frequency in 
response to inhaled corticosteroids,46,47 and, in an in­
haled corticosteroid withdrawal trial, a higher blood 
eosinophil count was associated with increased exac­
erbations.48-50

IL-5 is an obligate cytokine in the m aturation and 
survival of eosinophils. Anti-IL5 has dem onstrated 
clinical efficacy in severe asthma with reduction in 
severe exacerbations.51 Recognition that eosinophilic 
inflammation is im portant in a subgroup of patients 
with COPD has led to the study of anti-IL-5 targeted 
biologies. Benralizumab is a hum an afucosylated 
monoclonal antibody that targets IL-5Ra expressed 
by eosinophils and basophils, and, after receptor 
blockade, initiates antibody-dependent cell-medi­
ated cytotoxicity.52 Benralizumab improved lung 
function but did not decrease exacerbation rates, 
although there was a trend toward reduction in ex-
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acerbations and improvement in health status in 
those subjects with COPD and with higher baseline 
blood and sputum eosinophil counts.53 These en­
couraging findings have supported progression to 
phase III studies.

In stable disease, macrolide antibiotics reduce ex­
acerbation frequency in COPD and asthma .54,55 In 
asthma, benefit was best in those individuals with­
out evidence of eosinophilic inflammation. In COPD, 
response to macrolide therapy was not observed in 
current smokers, but, to date, no biomarker of in­
flammation or bacterial colonization has been used 
to direct macrolide therapy in stable disease. The 
international challenge to reduce inappropriate anti­
biotic usage to minimize antibiotic resistance means 
that there is an urgent need to undertake biomarker- 
directed studies of macrolides and other antibiotics 
in COPD.

An exacerbation diagnosis is currently based on 
symptoms, with guidelines that recommend treat­
ment with systemic corticosteroids, along with anti­
biotics if there is increased sputum purulence . 1,2 In 
acute exacerbations of COPD, systemic corticoste­
roids reduce treatment failure and length of hospital 
stay but do not reduce mortality and are associated 
with significantly more adverse events .56 Antibiotics 
reduce hospital readmission rates, mortality, and 
treatment failure57 but have disadvantages in terms 
of increased rates of antibiotic-related diarrhea, in­
cluding emergence of Clostridium difficile infection. 
Moreover, the benefit of antibiotics in terms of re­
duced treatment failure and mortality reduction may 
be limited to those patients who experience severe 
exacerbations.57

In acute exacerbations of COPD, targeting oral cor­
ticosteroid treatment to those patients with evidence of 
eosinophilic airways inflammation can lead to a safe 
reduction in oral corticosteroid prescriptions .58,59 

Moreover, those patients who do not receive pred­
nisolone with eosinophilic inflammation have poor 
outcomes, and, in contrast, those who receive oral cor­
ticosteroids, but without an eosinophilia, may experi­
ence more adverse events and poorer recovery 
rates.58,60 Procalcitonin, a peptide released in bacterial 
infections, has potential in identifying bacterial exacer­
bations of COPD and in guiding treatment duration. A 
procalcitonin algorithm (predefined criteria for starting 
and/or stopping antibiotics) reduced the duration of 
antibiotic courses, without increasing adverse events.61 

Thus, use of procalcitonin to guide treatment could 
reduce inappropriate antibiotics in acute exacerbations 
of COPD.

CONCLUSION
There is increasing recognition that COPD is a het­

erogeneous disease and that current approaches do not

fully address this issue. Identification of important 
COPD phenotypes with specific biomarkers, treatment 
responses, and underlying pathophysiologic mecha­
nisms will help the clinician to move toward a preci­
sion medicine approach for COPD.
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