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Phenotyping chronic obstructive pulmonary disease (COPD)
exacerbations: realising personalised medicine

Chris E Brightling and Bethan L Barker

Introduction

Chronic obstructive pulmonary disease (COPD) is characterised
by airflow obstruction (post-bronchodilator forced expiratory
volume in one second (FEV)/forced vital capacity (FVC) ratio
<0.7) that is not fully reversible, does not change markedly over
several months and is usually progressive. The main causative
agent is cigarette smoke, although other exposures (for example,
occupational and biomass fuel) are increasingly recognised to be
important. Stable disease is punctuated by exacerbations, which
are an acute onset of sustained worsening of the patient’s symp-
toms from their usual stable state beyond normal day-to-day
variations. Commonly reported symptoms are worsening breath-
lessness, cough, increased sputum production and change in
sputum colour. The change in these symptoms often necessitates
a change in medication.!

Chronic obstructive pulmonary disease is an important cause
of morbidity and mortality and in the UK is responsible for about
30,000 deaths per year, 10% of all hospital bed-days and >£800
million per year in direct healthcare costs. Exacerbations are par-
ticularly important, as they are associated with high economic
costs and accelerated decline in lung function and have a negative
impact on quality of life and mortality. By 2030, COPD is pre-
dicted to become the third leading cause of death worldwide.!

Guidelines for the treatment of stable COPD recommend a
stratified approach to treatment determined by disease severity
(defined by spirometry), with stepwise increases in treatment as
the disease progresses. This treatment approach includes smoking
cessation, bronchodilators, inhaled corticosteroids, pneumococcal
and influenza immunisations, and exercise in the form of pulmo-
nary rehabilitation.! Current guidelines recommend treatment of
exacerbations with corticosteroids, together with antibiotics in the
presence of increased sputum production and purulence.

Recognition that COPD is a heterogeneous condition with
variable response to current therapies is increasing. Indeed,
although therapy improves symptoms and exercise capacity and
reduces exacerbation frequency, the magnitude of benefit is
small and restricted to subgroups of patients, and none of the
current therapies affect disease progression. We therefore need
to improve our understanding of the gene—environment
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interactions that underlie the interplay between pollutants, host
susceptibility to damage, remodelling and persistent infection,
and the development of exacerbations in order to better stratify
and personalise current and future therapies.

Phenotyping stable COPD

A phenotype is any observable characteristic that results from
gene—environment interactions. Phenotyping needs to consider
information derived at different scales of disease — ie gene—cell,
cell-tissue, tissue—organ and organ—whole person interactions
(Fig 1). For example, patients can be phenotyped at the whole-
person scale on the basis of their symptoms, such as chronic
bronchitis versus breathlessness, and at the organ scale on the
basis of lung function, or radiologically by low attenuation areas
on computed tomography (CT) images consistent with emphy-
sema versus bronchial wall thickening suggestive of airways dis-
ease. At the cell-tissue scale, non-invasive measures of airway
inflammation such as sputum analysis can determine inflamma-
tory phenotypes defined by cellular composition or inflamma-
tory mediators. This approach has been very informative and has
revealed that most airway inflammation in COPD is neu-
trophilic, but eosinophil levels in sputum are persistently
increased in the stable state and during exacerbations in a sub-
group of patients.? At the gene—cell scale, the best example of
genetic variation in COPD is alpha 1-antitrypsin deficiency, with
the ZZ genotype predisposing to early-onset emphysema in
Caucasian people. Intriguingly, only a proportion (about 30%)
of smokers develop COPD, which supports the concept that it is
an environmental exposure combined with host/genetic factors
that lead to disease development. Recent genomewide associa-
tion studies have identified important single nucleotide poly-
morphisms associated with airflow obstruction, including glu-
tathione S-transferase D and receptor for advanced glycation
end-products (RAGE), which implicates oxidative stress and
damage-recognition receptors.

Most approaches to phenotyping consider disease at a single
scale and do not integrate information to provide multidimen-
sional phenotypes. An approach that integrates the underlying
biology of the disease with clinical expression is critical to
inform understanding of the disease and to help define sub-
groups to target therapies.

Phenotyping COPD exacerbations

The most likely cause of COPD exacerbations is infection of the
airway with viruses and bacteria, although the association
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Fig 1. Phenotyping COPD. Chronic disease needs to be considered at multiple levels, as
disease expression is dependent on the interactions with the environment across these
levels. Likewise, the phenotype can be described by the integration of assessments made

at the different levels.

between acquisition of a new pathogen versus persistent infec-
tion and the interplay with airway inflammation, lung function
and symptoms are poorly understood. The strongest predictor
of a COPD exacerbation is a previous history of an exacerba-
tion, which has led to the concept of frequent versus infrequent
exacerbators.® This distinction is likely to reflect patients with
different susceptibility to infection. To date, most attempts to
phenotype COPD exacerbations have focussed on inflamma-
tory biomarkers.

Hurst et al studied 36 plasma biomarkers in 90 patients with
COPD, looking at paired baseline and exacerbation samples.*
C-reactive protein (CRP), a non-specific marker of infection,
inflammation and injury, was the most selective but was not
sufficient alone to confirm diagnosis of an exacerbation.
However, when combined with one major symptom (increasing
dyspnoea, sputum volume or purulence), CRP =8 mg/ml per-
formed better (95% specificity and 57% sensitivity for diag-
nosis of an exacerbation). None of the systemic biomarkers
examined in this study were useful to predict severity of an
exacerbation. Serum amyloid A (SAA) protein, like CRP, is
increased at exacerbation onset compared with the stable state,
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but is more sensitive than CRP alone. When
combined with SAA or CRP in this study, a
major symptom did not improve prediction of
severe episodes. These studies compared the
stable state with exacerbations but did not
fully classify the exacerbation event based on
its potential aetiology.

Bafadhel et al recruited 145 patients into an
observational study and assessed biomarkers
from blood and serum in the stable state and
during exacerbations for one year to define
biomarkers to identify bacterial, viral or eosi-
nophilic-associated exacerbations.” In this
study, 55% of exacerbations were associated
with bacteria, 29% with viruses and 28% with
sputum eosinophilia. The biomarkers that best
identified these clinical phenotypes were
sputum interleukin 1 beta (IL-1B), serum
C-X-C motif chemokine 10 (CXCL10) and
percentage peripheral blood eosinophils,
respectively. The observation that CXCL10 was
the best biomarker for identifying viral exacer-
bations (80% sensitivity and 60% specificity)
is consistent with previous findings that
CXCL10 increases between baseline and COPD
exacerbations due to human rhinovirus (HRV).
Four biological exacerbation clusters were
identified using unbiased cluster analysis; these
validated the a priori aetiological groups: bac-
terial, viral, eosinophilic predominant and a
fourth group described as ‘pauci-inflamma-
tory), as it was associated with limited changes
in the inflammatory profile (Fig 2). These
findings support the concept of different ‘exacerbation pheno-
types. Interestingly, the eosinophilic predominant and bacte-
rial-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 (odds ratio 4.9 (95% confidence
interval (CI) 2.4 to 9.9)) and more eosinophilic exacerbations
if eosinophilic inflammation was present in the stable state (2.7
(1.3 t0 5.7)).

Phenotype-specific management of stable COPD

Within current practice, examples of phenotyping being used to
target treatments to specific patient groups already exist. One
example is the use of lung volume reduction surgery (LVRS) in
the subgroup of patients with COPD who have radiological
upper-lobe emphysema and a poor response to exercise therapy.
This approach followed analysis of the National Emphysema
Treatment Trial (NETT), which clearly demonstrated that this
group benefited most from surgery.® More recently, the anti-
inflammatory agent roflumilast (a phosphodiesterase-4
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Fig 2. Proportional representation of biologic COPD clusters in three-
dimensional ellipsoids. Adapted from Hurst et al. 2006.*

inhibitor) has been investigated as a potential therapy for COPD.
Initial results were disappointing, but post-hoc analyses of large
clinical trials identified a subgroup that benefited more.
Subsequent trials targeting roflumilast therapy to this COPD
phenotype (with severe airways obstruction, history of exacerba-
tions and chronic sputum production) have been encouraging,
with a reduction in exacerbations as observed previously with
inhaled corticosteroids.”

Phenotype-specific management of COPD
exacerbations

Current evidence for the use of systemic corticosteroids and
antibiotics in COPD exacerbations underscores the limited
benefit of these therapies and their potential risks in an already
vulnerable population. A Cochrane review collated data for
1,051 patients within 10 double-blind, randomised, controlled
trials (RCTs) and compared systemic corticosteroids with pla-
cebo for the outcome of acute exacerbations of COPD.®
Systemic corticosteroids reduced the risk of treatment failure
compared with placebo (OR 0.5 (95% CI 0.36 to 0.69) but no
significant reduction in mortality was seen (OR 0.87 (95% CI
0.45 to 1.66)). An early improvement in lung function was seen
in the corticosteroid group (FEV, increased by 140 ml),
although later outcomes less convincingly favoured corticos-
teroids; a reduction in hospital stay of 1.22 days was also seen
in this group. Of concern, however, was the significant increase
in adverse events observed in the corticosteroid arm (OR 2.33
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(95% CI 1.6 to 3.4)). The number needed to harm, or for one
adverse event to occur, was six, with adverse events including
hyperglycaemia, weight gain and insomnia.

Several reviews have examined the role of antibiotics in the
treatment of acute exacerbations of COPD. Ram et al examined
917 patients in 11 RCTs of antibiotics versus placebo and found
that antibiotics reduced mortality and treatment failure but
were associated with an increased rate of diarrhoea.” However,
this study had several limitations, including differences in anti-
biotic choice and, importantly, a lack of control for other inter-
ventions that may have influenced outcomes (eg systemic corti-
costeroids and ventilatory support). Rothberg et al compared
outcomes for hospitalised patients who received early antibiotic
treatment for acute exacerbations of COPD with those in
patients with late or no antibiotic treatment.! In this retrospec-
tive analysis of almost 85,000 patients, those treated with anti-
biotics were less likely to be ventilated, had lower inpatient
mortality and lower rates of readmission. Adverse effects of
antibiotics were again highlighted and there was a notable
increase in the rate of Clostridium difficile infection in the
antibiotic-treated group. A review by Puhan et al, which
included 13 placebo-controlled RCTs with 1,557 patients, noted
significant heterogeneity across the trials due to exacerbation
severity. In this review, antibiotics did not reduce treatment
failure in outpatients with mild-to-moderate exacerbations;
however, significant benefits for antibiotics were seen in patients
with severe exacerbations in terms of reducing treatment failure
(number needed to treat (NNT) 4) and mortality (NNT 14). A
more recent placebo-controlled RCT was designed to try to
eliminate some of the confounders influencing previously pub-
lished systematic reviews and meta-analyses. In this study, 233
hospitalised patients with acute exacerbations of COPD were
given systemic corticosteroids and randomised to doxycycline
for one week or placebo.!! In terms of the primary study out-
come at day 30, clinical success was similar in both groups;
however, doxycycline was better than placebo at ensuring clin-
ical success at day 10 and was superior in terms of clinical cure,
microbiological outcome and improvement in symptoms at
this earlier timepoint.

In order to maximise the benefit of corticosteroids and antibi-
otics in COPD exacerbations, it thus would be valuable to have
biomarkers to identify phenotypes that respond to therapy and
phenotypes for which there is the greatest risk of harm.

Targeted steroid treatment for COPD

In asthma and COPD, the presence of sputum eosinophilia is
associated with a good response to corticosteroids. More
importantly, targeted corticosteroid therapy aimed at normal-
ising the sputum eosinophil count reduced exacerbations and
hospital admissions in asthma and COPD. Siva et al randomised
82 patients with COPD to standard clinical care (in accordance
with the British Thoracic Society’s treatment guidelines) or tar-
geted sputum management. The sputum management group
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had fewer severe exacerbations (mean reduction of 62% per
patient per year), with no differences in the number of mild and
moderate exacerbations or the average doses of oral or inhaled
corticosteroid between the groups.!?

This concept was recently extended to examine the effect of
targeted/personalised treatment for eosinophilic airways inflam-
mation at the time of an exacerbation event. Bafadhel et al per-
formed a double-blind RCT using peripheral blood eosinophil
count as a biomarker to guide oral corticosteroid treatment in
outpatients with acute exacerbations of COPD.? In this study, a
safe reduction in inappropriate oral corticosteroid prescriptions
was demonstrated. Intriguingly, patients without eosinophilia
treated with systemic corticosteroids had more adverse events
and a lower rate of recovery, which suggests that this biomarker
identifies a group of patients who might benefit from and
another group of patients harmed by corticosteroid therapy.
This is a promising example of how treatments for acute exacer-
bations of COPD might be personalised and now needs replica-
tion and validation in larger patient groups, including those with
severe acute exacerbations of COPD who are hospitalised for
their exacerbations.

Targeted antibiotic treatment for COPD

It is desirable to be able to identify bacterial exacerbations reli-
ably and to target antibiotics to this subgroup of patients.
Procalcitonin (PCT) is a peptide produced in response to endo-
toxin and other mediators released in bacterial infections. It has
been extensively evaluated as a ‘bacterial infection” biomarker in
many systemic infections, including lower respiratory tract
infections and acute exacerbations of COPD. Current evidence
suggests roles both in identifying bacterial acute exacerbations
of COPD and in guiding the duration of antibiotic treatment.
Schuetz et al performed a non-inferiority trial that recruited
1,359 patients with severe lower respiratory tract infections.
Patients were randomised to antibiotics based on a PCT algo-
rithm (predefined criteria for initiating/stopping antibiotics) or
standard clinical treatment. Overall adverse events were similar
in both groups but with shorter courses of antibiotics required
in the PCT group (5.7 vs 8.7 days). This reduction in treatment
duration was also seen in patients with acute exacerbations of
COPD (PCT 2.5 days versus control 5.1 days).!* These results
and those from other studies suggest that PCT has a role as a
biomarker for acute bacterial exacerbations of COPD and that it
can be used safely to reduce inappropriate antibiotics in acute
exacerbations of COPD. We and others have demonstrated that
CRP is a similarly sensitive and specific biomarker to identify
patients who require antibiotics and may be a reliable, widely-
available alternative to PCT.

Conclusions

In this review, we have discussed the limitations of the current
symptomatic definition of acute exacerbations of COPD and the
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advances in biomarker studies to aid objective diagnosis of exac-
erbations. We have also discussed the importance of identifying
clinically relevant exacerbation phenotypes, such as ‘eosinophilic’
and ‘bacterial’ exacerbations. It is hoped that further validation
of biomarkers, including peripheral blood eosinophilia and CRP
or PCT as biomarkers of eosinophilic and bacterial exacerbation
phenotypes, respectively, will ultimately guide personalised
treatment of exacerbations. Such personalised treatment should
help to reduce inappropriate antibiotic and steroid use, along
with their associated adverse effects.

We have also illustrated the heterogeneity encompassed within
the current definition of COPD and the reasons why the respira-
tory community is seeking to phenotype patients. Attempts to
phenotype COPD are at a relatively early stage, but international
interest is ongoing, with data collection continuing in several
large studies, such as the COPDGene study, the Evaluation of
COPD Longitudinally to Identify Predictive Surrogate End-
points (EClipSE) study, the SubPopulations and InteRmediate
Outcome Measures In COPD Study (SPIROMICS) and the
COPDMAP and AirPROM studies. By gaining a better under-
standing of COPD on many levels (organ, tissue, cell, molecule
and genome), it will become possible to recognise the patho-
physiology within a specific patient and ultimately to provide
that patient with personalised treatment in the stable state and
during exacerbations.
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