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ABSTRACT Although there has been tremendous growth in our understanding of chronic obstructive
pulmonary disease (COPD) and its pathophysiology over the past few decades, the pace of therapeutic
innovation has been extremely slow. COPD is now widely accepted as a heterogeneous condition with
multiple phenotypes and endotypes. Thus, there is a pressing need for COPD care to move from the
current “one-size-fits-all” approach to a precision medicine approach that takes into account individual
patient variability in genes, environment and lifestyle. Precision medicine is enabled by biomarkers that
can: 1) accurately identify subgroups of patients who are most likely to benefit from therapeutics and those
who will only experience harm (predictive biomarkers); 2) predict therapeutic responses to drugs at an
individual level (response biomarkers); and 3) segregate patients who are at risk of poor outcomes from
those who have relatively stable disease (prognostic biomarkers). In this essay, we will discuss the current
concept of precision medicine and its relevance for COPD and explore ways to implement precision
medicine for millions of patients across the world with COPD.
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Introduction
Chronic obstructive pulmonary disease (COPD) is a major global burden, affecting >300 million people
worldwide and accounting for 2.9 million deaths annually [1]. By 2040, this number will increase by 32%
to 4.4 million deaths annually, making it the fourth leading cause of mortality (currently ninth), trailing
only ischaemic heart disease, stroke and pneumonia [1]. This increase will be driven largely by the ageing
populations around the world, decreasing mortality rates of competing causes of death (e.g. ischaemic
heart disease), increased exposure to ambient indoor and outdoor pollution, and poor lifestyle choices
including tobacco smoking. Although smoking rates have fallen dramatically in western countries, there
are still 942 million men and 175 million women in the world who are current smokers [2]. Moreover,
according to the World Health Organization (WHO), there are 4.2 million deaths per year attributed to
ambient air pollution and 3.8 million deaths per year from biomass exposure from dirty stoves and fuels.
Remarkably, WHO estimates that 91% of the world’s population lives in areas where air quality is below
the lower limit of acceptability (for health) [3]. The dramatic rise in the use of e-cigarettes [4] and smoked
marijuana in the USA and elsewhere poses additional risks that to date have not been well quantified [5].

While there has been an explosion in scientific interest and publications on COPD over the past 20 years
(figure 1), there has been little progress in the number of new therapies for this condition. Indeed, over
the past 30 years only one new therapeutic class has been successfully introduced to treat COPD patients
(i.e. phosphodiesterase-4 (PDE4) inhibitors) [6]. The current pharmacologic therapies are bronchodilators
(targeting β2 adrenergic or muscarinic receptors in airway smooth cells) and corticosteroids [7]. Although
on average these therapies reduce symptoms and modify risk of exacerbations, their impact on individual
patients has not been fully evaluated. Most of the evidence for these therapies has been derived from large
therapeutic trials in which the approach has been “one size fits all”. In this essay, we will provide an
overview of precision medicine in COPD and its prospects in changing the therapeutic landscape in
COPD over the next decade.

Precision medicine versus “evidence-based” care
Currently, clinicians are encouraged to provide “evidence-based” care for their patients, which was
originally defined as “the conscientious, explicit and judicious use of current best evidence in making
decisions about the care of individual patients” [8]. The highest level of evidence is believed to be derived
from multiple large randomised controlled trials (RCTs) that generate narrow confidence intervals [9].
Accordingly, over the past two decades there has been a rise in very large RCTs in COPD that have
enrolled thousands (and in some cases tens of thousands) of patients to generate p-values (on primary
outcomes) that fall below the “magic” threshold of 0.05 (two-tailed). Thus, a “positive” study is one that
meets this threshold, whereas those that do not are considered “failures”.

An obvious weakness of this evidence-based approach is that these RCTs generally do not consider the
heterogeneity of disease or patients. There is mounting evidence that COPD is not a single disease entity
but rather a collection of abnormalities, driven by different molecular processes or pathophysiologies [10].
Thus, for practicing clinicians, implementing evidence-based data from large therapeutic trials for
individual patients in their everyday practice is an enormous challenge. Use of inhaled corticosteroids
(ICS) is a prime example of this conundrum. Whereas evidence-based data would suggest that most
COPD patients do not benefit from ICS therapy, clinicians in “real-world” practice often use ICS therapy
for their patients with COPD. One important reason is that ∼10–25% of patients with COPD in the real
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FIGURE 1 Temporal trends in PubMed referenced publications on chronic obstructive pulmonary disease
(COPD) and precision medicine.
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world also have asthma [11]. Although these patients are generally excluded in therapeutic RCTs, they
cannot be ignored in clinical practice.

The weakness of the one-size-fits-all care approach has given rise to the concept of precision medicine
[12]. Although there is no universally accepted definition of precision medicine, the National Institutes of
Health (NIH) defines it as “treatments targeted to the needs of individual patients on the basis of genetic,
biomarker, phenotypic, or psychosocial characteristics that distinguish a given patient from other patients
with similar clinical presentations” [12] (box 1). Implicit in this definition is the goal of improving clinical
outcomes for individual patients and minimising unnecessary side effects for those less likely to have a
response to a particular treatment [13]. Simply, precision medicine is “prevention and treatment strategies
that take into account individual variability in genes, environment and lifestyle” [12]. An extreme version
of precision medicine is personalised medicine, in which the entire management is structured for
(or catered to) an individual and thus may not be generalisable beyond that patient.

Biomarkers: an essential component for precision medicine
One key component of enabling precision medicine at the bedside is biomarkers. Although many consider
biomarkers synonymous with “blood tests”, an NIH expert panel defined them more broadly “as factors
that are objectively measured and evaluated as indicators of normal biological or pathological processes, or
pharmacological responses to therapeutic intervention” [14]. In practice, biomarkers can be sputum or
blood tests, imaging modalities, prediction rules or, more broadly, treatable traits [15]. Biomarkers can be
sub-classified as diagnostic, response (further divided into pharmacodynamic biomarkers and surrogate
endpoint biomarkers), prognostic (correlated with clinical outcome but not necessarily directly related to
specific mechanisms) or predictive (predict response to specific targeted drug interventions) [16].

The ratio of the forced expiratory volume in 1 s (FEV1) to the forced vital capacity, based on
post-bronchodilator spirometry, is an example of a diagnostic biomarker. The body mass index, airflow
obstruction, dyspnoea and exercise (BODE) index is an example of a prognostic biomarker, and provides
information on the future risk of mortality in a given patient. Blood eosinophil count is an example of a
predictive biomarker in determining therapeutic guidance for ICS. Serum concentration of α1-antitrypsin
in those with emphysema related to SERPINA1 deficiency is an example of a response biomarker.

In the context of precision medicine, predictive biomarkers are of prime importance because they guide
therapeutic choices and make therapies safer and more cost-effective. There are several biomarkers in
practice that are commonly used to target specific therapies for specific subgroups of COPD patients
(figure 2). For example, according to the National Emphysema Treatment Trial (NETT) study, the overall
number of patients needed to treat (NNT) for lung volume reduction surgery (LVRS) to prevent one death

BOX 1 Definitions

Biomarkers: factors that are objectively measured and evaluated as indicators of normal biological or pathological processes, or
pharmacological responses to therapeutic intervention.

Chronic obstructive pulmonary disease (COPD): a collection of disease entities characterised by symptoms of cough, shortness of breath and/
or sputum production and by persistent airflow limitation on spirometry in the absence of other major lung conditions such as bronchiectasis
and asthma, and associated with at least 10 pack-years of smoking history or equivalent biomass exposure.

Endotype: subtype of a condition, which is defined by a distinct functional or pathobiological mechanism.
Genome-wide association studies (GWASs): a hypothesis-free approach to identify associations between genetic variants across the whole

genome (loci) and traits such as disease, quantitative traits and drug response.
N of 1 trial: a randomised controlled crossover trial in a single patient designed to establish optimal treatment for that patient.
Number needed to treat (NNT): the average number of patients who needed to be treated with the therapy in question to prevent at least one

additional negative outcome.
Number needed to harm (NNH): the average number of patients who are treated with the therapy in question before at least one patient

experiences a negative reaction to the therapy.
Phenotype: a set of observable characteristics in an individual resulting from the interaction of their genotype with the environment.
Precision medicine: an approach for disease treatment and prevention that takes into account individual variability in genes, environment and

lifestyle for each person. In the context of COPD care, a satisfactory application of precision health is to find subgroups in which the NNT is
⩽10.

Predictive biomarker: a biomarker that can be used to predict therapeutic responses (beneficial or negative) in a given individual patient,
enabling targeting of therapeutics to specific individuals.

Prognostic biomarker: a biomarker that can be used to accurately determine risk of important clinical events in the future such as disease
progression, acute exacerbations, hospitalisations and mortality of COPD patients.

Response biomarker: a biomarker whose level changes in response to an exposure to a therapeutic product; can be subdivided into
pharmacodynamic biomarkers, which are used to gauge biological effects of therapy, and surrogate endpoint biomarkers, which are used to
estimate potential clinical impact of therapies.
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over 5 years is ∼246 [17]. However, by targeting LVRS to those patients with predominantly upper lobe
disease (as determined by thoracic computed tomography (CT)) and low exercise capacity (defined as a
maximal workload of 25 W in women and 40 W in men post-rehabilitation), the NNT improves to seven
[17]. CAZZOLA et al. [18] showed in their meta-analysis of RCTs that provision of “triple” therapy
consisting of an ICS, a long-acting β2 agonist (LABA) and a long-acting muscarinic antagonist (LAMA)
was associated with an NNT of 38 to prevent at least one exacerbation over 1 year compared with dual
LABA/LAMA combination therapy. However, this NNT improved to nine when triple therapy was given
only to those with “high” blood eosinophils (⩾300 cells·µL−1). Treatment with continuous oxygen therapy
is associated with an NNT of five to prevent one death over 3 years in those with resting hypoxaemia
(arterial oxygen tension (PaO2) <60 mmHg) [19], whereas the NNT inflates to 56 for provision of
continuous oxygen therapy for those with just nocturnal or exertional hypoxaemia [20]. In the Prevention
of Exacerbations with Tiotropium in COPD (POET) trial, the use of a LABA (tiotropium) was associated
with an 18% relative reduction in the risk of exacerbations compared with a LABA (salmeterol) in patients
with moderate to severe COPD (corresponding to an NNT of 24 over 1 year). A subgroup analysis showed
that in patients with a Global Initiative for Chronic Obstructive Lung Disease (GOLD) severity grade of 4
(FEV1 <30% of predicted) [7], there was a 36% relative risk reduction (corresponding to an NNT of seven)
with LAMA use [21]. More recently, use of bronchoscopy to ascertain collateral ventilation was
demonstrated to be an effective biomarker in predicting therapeutic responses to endobronchial valve
therapy in COPD patients with emphysema [22].

Biomarkers as a gateway for future drug development
Although there have been notable improvements in the care of COPD patients over the past several
decades, the pace of new developments in respiratory diseases has been extremely slow and fraught with
repeated failures. The cumulative probability of respiratory drugs reaching the clinic is only 3% (from
phase I to regulatory approval), whereas it is 14% for HIV/AIDS drugs and 7% for cancer therapeutics [6].
The greatest attrition occurs during phase II and III studies, mostly owing to lack of efficacy (accounting
for ∼60% of failures) [6]. Traditionally, pharmaceutical companies have relied on preclinical animal
models to assess potential therapeutic targets and compounds. However, because they are poorly predictive
of the human condition, they have been largely abandoned in favour of genomics-based approaches to
drug discovery and development in COPD [23].

There are several common reasons for the repeated failures of drug development in COPD (table 1),
including inadequate target engagement of the drug, poor patient selection and use of clinical endpoints
that are insensitive or inaccurate for detecting adequate treatment responses [24]. Drug companies have
found that discovery and implementation of biomarkers to phenotype patients and select only those who
are likely to experience benefit from the drug dramatically increases the probability of success of novel
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FIGURE 2 A comparison of number needed to treat (NNT) between non-biomarker and biomarker-based
approaches to chronic obstructive pulmonary disease (COPD) therapies currently available in most
jurisdictions. x-axis denotes therapies currently available for COPD patients, with the therapeutic trial or
meta-analysis from which NNTs were derived indicated above the bars. y-axis denotes NNT to prevent one
event of clinical importance (over a fixed period of time) for each intervention with or without the use of
biomarker(s). LVRS: lung volume reduction surgery; O2: supplemental (domiciliary) oxygen therapy; LAMA:
long-acting muscarinic antagonist; LABA: long-acting β2 adrenergic agonist; Triple: a combination of inhaled
corticosteroids and LABA and LAMA; NETT: National Emphysema Treatment Trial; LOTT: Long-term Oxygen
Treatment Trial; MRC: Medical Research Council Oxygen Therapy Trial; POET: Prevention of Exacerbations
with Tiotropium in COPD; GOLD: Global Initiative for Chronic Obstructive Lung Disease; Eos: blood eosinophil
count in absolute scale (cells·µL−1). NNT is calculated based on persons.

https://doi.org/10.1183/13993003.02460-2018 4

CONTROVERSIES IN COPD | J.M. LEUNG ET AL.



drugs in phase IIa trials from ~29% (pre-biomarker implementation) to 82% (with biomarker
implementation) [24].

Although it is widely acknowledged that biomarkers are urgently needed to address gaps in drug
development, biomarker implementation has been difficult owing to multiple barriers (table 2). Academics
often work in silos. However, as with therapeutic products, biomarker development requires academics to
work closely with industrial partners to “push” discovery into validation and ultimately into clinical utility
studies for regulatory qualification and clinical implementation. Because this process usually takes many
years, often requiring millions of pounds in investment (with no guarantee of success), very few
companies are willing to take these risks by themselves. To accelerate biomarker development, novel
public–private funding models will be needed in the future to de-risk these efforts. Further, similar to
genomics data, biomarker data should be publically available on searchable and easy-to-find databases
with adequate annotations and on high-quality platforms to enable “data mining”, reproduction and
validation of results and to prevent unnecessary duplication of efforts.

Other enablers of precision medicine
Beyond biomarkers, clinicians may use clinical features to guide therapeutic choices. For instance,
symptoms of chronic bronchitis (e.g. daily productive cough) significantly modify the therapeutic efficacy

TABLE 1 Biomarkers as potential solutions to address common barriers in drug development programmes

Barriers Details Potential biomarker solutions

Poor target engagement or
linkage to disease or disease
phenotypes

Compounds are targeted at molecules that are not
relevant in the pathogenesis of the human disease
condition

• Linkage of target with human genetics data
relevant for disease in question

• Perform GWAS, rare functional mutational,
Mendelian randomisation or other
biomarker analyses

• Pharmacodynamic biomarker to assess
engagement of target molecule of interest

Dose of drug limited by
characteristics of compound
or target tissue

Once in humans, because of safety concerns or
undesirable pharmacokinetic properties, the dose
cannot be optimised

• Pharmacodynamic biomarkers to assess
pharmacokinetic properties of compound

• Response biomarkers to assess potential
efficacy or toxicity of drug

Poor patient selection COPD is a heterogeneous disease and as such unselected
patients are likely to have variable responses to
treatment, diluting the effects of the drug

• Predictive biomarker to ensure that
subpopulation selected will most likely
respond to drug

GWAS: genome-wide association analysis; COPD: chronic obstructive pulmonary disease.

TABLE 2 Common barriers to biomarker discovery and implementation and potential solutions

Barriers Details Potential solutions

Fractured developmental process because of
inadequate collaboration between academia
and industry [50]

Biomarker discovery occurs in academia, and
regulatory approval and marketing of
biomarkers require industry support

• Involvement of industry as part of the
discovery team

• Funding to encourage joint academic–
industry partnerships

• Make biomarker data more widely
available

Poor reproducibility of preclinical data >50% of preclinical biomarker data cannot be
adequately replicated in subsequent studies
[51]

• Use large samples from
well-phenotyped patients

• Perform external replication during
discovery

• Use standardised and reproducible
platforms and analytical methods

Poor stewardship and dissemination of
original data for wider use

After papers are published, the biomarker data
are often not accessible by the scientific
community

• Original biomarker data should be
findable, accessible, interoperable and
reusable (FAIR) [52]
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of roflumilast, a PDE4 inhibitor [25]. These features are also being used to pursue investigational
treatments in COPD, including mucolytics and radiofrequency as well as cryoablation therapies of the
airways (clinicaltrials.gov). Pharmacogenomics, which combines pharmacology and genetics to study how
genes affect patient responses to particular drugs, is another enabler of precision medicine. Although there
are no clear examples of pharmacogenomics in COPD, in cystic fibrosis, genotyping (G551D) is currently
being used to guide therapeutic choices for ivacaftor [13]. Given the heterogeneity of COPD, precision
medicine would also be enabled by targeting therapies based on disease endotypes. For example, anti-IgE
therapy may be highly effective in COPD patients whose disease is driven largely by a severe allergic
endotype [26].

Scale of estimation versus scale of interest in precision medicine
In addition to the above, in precision medicine the benefits as well as the risks of therapeutic products
need to be accurately assessed. Treatment effects in clinical trials and observation studies are often
estimated and reported on a relative scale, such as per cent reduction in the risk or rate of events (scale of
estimation). However, in precision medicine, what matters more is the absolute risk or rate that is
modified by the therapy of interest (scale of interest). This approach lends itself to metrics that are easily
understood in clinical practice and thus have clinical relevance: the “number needed to treat” (NNT) and
the “number needed to harm” (NNH). The original concept of NNT (or NNH) is based on the following
formula: 1 divided by the absolute risk reduction between the experimental therapy and placebo over the
study’s duration [27].

In most therapeutic trials in COPD, the primary outcomes are derived from a Cox (proportional hazard)
survival model (to compare time to first exacerbation between treatment arms), logistic regression (to
compare the proportion of patients with at least one exacerbation during follow-up between treatment
arms) or count models such as Poisson or negative binomial regression (to compare the rate of
exacerbations during follow-up between treatment arms). These regression models produce treatment
effects, which are represented as hazard ratios, odds ratios or rate ratios, respectively. These parameters all
generate numbers on a relative scale and not on an absolute scale, which can cause confusion for the
reader.

An example to illustrate the major difference in risks between relative and absolute scales can be found in
the Macrolide Azithromycin for Prevention of Exacerbations of COPD (MACRO) study. The MACRO
study was a landmark clinical trial that demonstrated a 27% reduction in the risk of exacerbations with
daily low-dose azithromycin therapy (rate ratio 0.73, 95% CI 0.63–0.84, p<0.001) [28]. However, it is
widely known that there is tremendous variability in the background rate of exacerbations across patients.
A recent study [29] estimated that the range (containing 95% of the study population) of annual
background rate of moderate to severe exacerbations (without azithromycin therapy) was between 0.47
(i.e. one exacerbation every 564 days) and 4.22 (i.e. one exacerbation every 87 days). For the individual
with a background exacerbation rate of 0.47, a 27% relative reduction in the exacerbation rate with
azithromycin would translate to a prevention of 0.13 exacerbations per year, corresponding to an
event-based NNT of 1/0.127=7.88. For those with a background exacerbation rate of 4.22, azithromycin
therapy would prevent 1.14 exacerbations per year, corresponding to an event-based NNT of 1/1.14=0.88.
In this context, the provision of azithromycin is likely justifiable clinically and economically for the latter
group of patients, whereas for the former group long-term azithromycin therapy may not be justifiable
owing to its side effects and costs. One limitation of this therapeutic approach is that it is difficult (if not
impossible) to predict the background rate of exacerbation for a given patient. Efforts are underway to
develop simple and reasonably accurate clinical prediction tools using easily verifiable patient
characteristics and traits, e.g. age, sex, number of exacerbations in the previous year and FEV1, that can be
used clinically to estimate the future risk of exacerbations in a given patient [30].

Event-based versus patient-based NNTs
In the MACRO example, an event-based NNT was used to illustrate the importance of the background
exacerbation rate of an individual patient. This approach may be reasonable given that patients can
experience repeated exacerbation events in a given year. However, some endpoints are distinct,
non-repeated events. Death would be one such example. The Towards a Revolution in COPD Health
(TORCH) trial was powered on total mortality [31]. In this trial, 193 of the 1533 patients (12.6%) in the
fluticasone/salmeterol arm died, compared with 231 of the 1524 patients (15.2%) in the placebo arm over
3 years of treatment. Thus, the NNT was 1/(0.126–0.152)=38. In other words, on average, the provision of
fluticasone/salmeterol for 3 years would prevent one death among 38 patients who were treated with this
therapy (compared with placebo). The TORCH trial also showed that fluticasone/salmeterol combination
therapy was associated with an increased risk of pneumonia. The risk was 19.6% in the treatment arm
compared with 12.3% in the placebo arm. The NNH was 1/(0.196–0.123)=14. Thus, there was one extra
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case of pneumonia for every 14 patients taking a fluticasone/salmeterol combination compared with
placebo over 3 years.

A patient-based NNT (e.g. death or pneumonia NNT calculations for TORCH) is calculated by first
dividing the number of patients who experience at least one event over the study period by the number of
patients at risk for each of the study groups (i.e. absolute risk) and then taking the difference in the
absolute risk between the study groups. For repeated events such as exacerbation, an event-based NNT can
be calculated by first dividing the total number of exacerbations by the follow-up time for individuals in
each of the study groups (thus generating absolute rates) and then taking the difference in the absolute
rates between the study groups. Some have criticised this approach because the results are hard to interpret
and, clinically, physicians treat patients and not events [32]. An alternative approach is to dichotomise the
numerator of event-based NNTs by considering only the first exacerbation (or time to first exacerbation)
and using the number of at-risk patients in the denominator (rather than person-time). This renders the
following simple clinical interpretation: the number of patients needed to treat over a given unit of time
(e.g. a year) to prevent at least one exacerbation over the study period [32]. In general, event-based NNTs
are lower than patient-based NNTs. This is illustrated by the Informing the Pathway of COPD Treatment
(IMPACT) trial for which the event-based NNT for exacerbations was approximately four, whereas
the person-based NNT was approximately 34 comparing triple versus dual bronchodilator therapy over
1 year [33].

NNTs and precision medicine
In general, precision therapies are those that are associated with low NNTs. Indeed, the ideal precision
medicine is one that has an NNT of one [34]. Even before the advent of the term “precision medicine”,
physicians were employing N of 1 trials (a randomised controlled crossover trial in a single patient
designed to establish optimal treatment for that patient) to determine the efficacy of therapeutics. One
notable example in COPD is theophylline [35]. Several decades ago, it was a widely held belief that
theophyllines improved outcomes in COPD by inducing bronchodilation and providing anti-inflammatory
effects. In 1999, MAHON et al. [35] performed a series of N of 1 trials to determine whether theophylline
improved health status and exercise tolerance in patients with moderate to severe COPD. They found that
theophylline had similar effects to placebo for these outcomes, a finding that was replicated in a recent
large RCT [36] consisting of 1567 patients (compared with n=34 for the study of MAHON et al. [35]).
Given the enormous costs of bringing new drugs to the market, estimated to be $2.6 billion per pill [37],
in the era of precision medicine, N of 1 trials should be considered early on in the drug developmental
process [34].

Emerging predictive biomarkers of therapy
Serum immunoglobulins
Acute exacerbations account for a considerable share of the morbidity, mortality and economic burden of
COPD, particularly for the approximate one-third of patients who experience frequent exacerbations
(⩾2 per year [38]). Early identification of patients with frequent exacerbations can help target therapies
such as ICS, chronic azithromycin and roflumilast, all of which have been shown to reduce the frequency
of these events. Given the close link between bacterial infections and COPD exacerbations [39],
impairments in humoral immunity could explain the susceptibility to exacerbations in certain individuals.
Indeed, immunoglobulin deficiency is fairly common in COPD patients, with one out of four patients
with moderate to severe disease being IgG deficient [40]. Recent studies in the MACRO and Simvastatin
for the Prevention of Exacerbations in COPD Exacerbations (STATCOPE) cohorts have demonstrated that
serum IgG levels (readily measured in most clinical laboratories) can be used to identify patients at high
risk for developing exacerbations (a prognostic biomarker) [40]. Specifically, IgG1 and IgG2 subclass
deficiencies were most significantly associated with exacerbations and hospitalisations [41]. Whether Ig
deficiency might also imply a possible therapeutic option for patients with frequent exacerbations, i.e.
intravenous Ig (IVIG) replacement, remains to be determined. One small observational trial of eight
COPD patients with Ig deficiencies receiving IVIG noted a reduction in the annual exacerbation rate from
four to 0.5 [42], while another retrospective study of COPD patients who had received IVIG therapy
reported a decrease in exacerbations from 4.7 to 0.6 per year [43]. Large RCTs have yet to be performed.
Nonetheless, immunoglobulin measurement is a simple and accessible test that could rapidly identify the
frequent exacerbator phenotype.

Sputum microbiome
With the advent of culture-independent methods of characterising microbial communities in the airways,
sputum could be a good source of prognostic and even predictive biomarkers in COPD patients. Using
bacterial 16s ribosomal RNA sequencing, a recent study profiled the sputum of 102 patients hospitalised
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with acute COPD exacerbations and found that patients who demonstrated infections with Staphylococcus
species (which are pathogens in the lungs) had a sevenfold increase in the risk of 1-year mortality
compared to hospitalised COPD patients without these organisms. Similarly, those who lost Veillonella
species (which are commensals in the airway tract) in their sputum had a 13-fold increase in the risk of
1-year mortality. Importantly, those who demonstrated Staphylococcus but no Veillonella in their sputum
had an 85-fold increase in the risk for 1-year mortality compared to those who retained Veillonella in their
sputum [44]. Together, these data suggest that admission sputum samples could be used as prognostic
biomarkers in acute COPD exacerbations and potentially guide therapeutic choices (e.g. antibiotics) at
hospitalisation. Additional large studies will be required to validate this early observation.

Prognostic imaging biomarkers
In a recent review in this series, WASHKO and PARRAGA [45] discussed the use of CT and magnetic
resonance imaging (MRI) biomarkers for precision medicine. Briefly, CT-based abnormalities such as
emphysema (scored semi-quantitatively by radiologists) [46], parametric response mapping-related
functional small airways disease [47] and reduced total airway count on CT scans [48] have all been
shown to associate with a rapid decline in FEV1, especially in patients at risk of or with mild COPD. With
further refinement, these imaging biomarkers have the potential to become prognostic biomarkers in mild
or early COPD (as outlined previously by SORIANO et al. [49]) to predict individuals who are likely to
experience rapid COPD progression and thus be candidates for early intervention and treatment for
disease modification.

Summary and conclusions
Precision medicine is the future of COPD care and is enabled by the advent of biomarkers that can clearly
identify subgroups of patients who will either benefit from novel therapies or experience only harm.
Biomarkers are also required to gauge therapeutic responses during all phases of drug development to
reduce failure rates and make drugs more affordable. To enable precision medicine, the benefits (as well as
the harm) of therapeutics should be reported in both relative and absolute scales, which will enable
calculation of metrics such as NNT and NNH. Finally, to reduce the cost of therapeutic trials (especially
early on in development), drug companies should consider developing companion diagnostic tests to
predict therapeutic and pharmacodynamic responses, and deploy N of 1 trials for therapies that target
symptoms and modify risk (of exacerbations and/or disease progression) for committing to large-scale
phase III trials.
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