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Abstract
Over the last 20 years, it has become possible to use a precision medicine approach to the management of chronic obstructive
pulmonary disease (COPD). Clinical and physiological features as well as a blood biomarker can be used to target treatments to
patients most likely to benefit and avoid treatment in patients less likely to benefit. Future advances in a precision medicine
approach to COPD will depend on more precise characterization of individual patients, possibly using quantitative imaging, new
physiological techniques, novel biomarkers and genetic profiling. Precision medicine has led to significant improvements in the
management of COPD and clinicians should use all available information to optimize the treatment of individual patients.
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Introduction

Chronic obstructive pulmonary disease (COPD) is
common and causes significant mortality and morbidity.
The Global Burden of Disease study estimated that in
2015, 174.5 million adults worldwide had COPD,[1] but
the true figure may be closer to 400 million.[2] In China,
the overall prevalence of spirometry-defined COPD has
been estimated as 8.6%, meaning nearly 100 million
people in China have COPD.[3] COPD is the third leading
cause of death globally causing around three million
deaths annually.[4] In 2013, COPD was also the third
leading cause of death in China accounting for nearly one
million deaths each year.[5]

In the earlier stages of the disease, management focuses on
improving symptoms and exercise capacity and reducing
exacerbations.[6] Over the last 20 years, the management
of COPD has evolved to become more holistic and it is
now possible to use clinical and blood biomarkers to
optimize the benefits for individual patients. The develop-
ment of this precision medicine approach represents a
significant step forward in COPD management.
Precision Medicine

The terms precision, personalized, and individualized
medicine are often used interchangeably. Precision medi-
cine has been defined as treatments targeted to the needs of
individual patients on the basis of genetic, biomarker,
Access this article online

Quick Response Code: Website:
www.cmj.org

DOI:
10.1097/CM9.0000000000002042

1156
phenotypic, or psychosocial characteristics that distin-
guish a given patient from other patients with similar
clinical presentations.[7] For centuries, physicians have
treated patients with different diseases differently, but
generally used the same treatments for all patients with
particular diseases.More recently, management was based
on evidence of average treatment effects in populations of
patients studied in clinical trials. Precision medicine refers
to the provision of specific medical treatment for an
individual according to their individual susceptibility (to
respond or not to such treatment). Hence, the key to
understanding the precisionmedicine concept is individual
risk.[8] Precision medicine depends on tailoring manage-
ment to individual characteristics, not only genetic or
pathophysiological, but also environmental and psycho-
social, as well as taking into account the preferences of
each patient. It is deemed “precise” because it depends on
the endotypic characterization of individual patients. It
does not literally mean the creation of drugs or medical
devices that are unique to a patient, but rather the ability
to classify individuals according to the specific character-
istics of the disease that they have including differences in
their response to specific treatments.[7]

Precision medicine challenges our classification of disease.
Medicine has a long history of being divided into “lumpers
and splitters”; lumpers tend to group related entities
together, and splitters tend to apply more precise
definitions and thereby define more discrete entities.
Treatment using contemporary therapy often depends on
maximal specificity in the diagnosis. This has been seen to
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have great effects with the refinement of the classification
of lung cancer and the use of targeted agents and
checkpoint inhibitors.[9] However, there is a point at
which splitting stops defining different diseases and moves
to defining subtypes of a disease that benefit in some ways
from being considered the same whilst benefit in other
ways of being considered distinct. It has been suggested
that clinicians should move away from diagnostic labels
such as “COPD” and concentrate on identifying “treat-
able traits” which require precise treatment.[10] However,
diagnostic labels are important to patients, helping to set
expectations about prognosis and they facilitate commu-
nications between clinicians. Precision medicine requires
us to characterize patients in as detailed a way as possible
to identify phenotypes and underlying endotypes using the
latest molecular pathological and genetic approaches, but
it does not mean we have to abandon current diagnostic
labels.
Precision Medicine and COPD

Over the last 25 years, COPDmanagement has been based
on National and International Guidelines and over time
these have gradually moved toward a precision medicine
approach. The American Thoracic Society standards
published in 1995[11] recommended a simple stepwise
approach to therapy which took no account of patient
characteristics. The first Report of the Global Obstructive
Lung Disease Initiative (GOLD) was a step forward in that
management recommendations were based on the severity
of airflow obstruction[12,13]; however, this was still a
simplistic and unidimensional approach. The first recom-
Figure 1: Assessment of COPD patients as recommended by the GOLD Report. CAT: Chroni
disease; FEV1: Forced expiratory volume in 1 s; FVC: Forced vital capacity; GOLD: Global Ob
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mendations that took a multidimensional approach to
COPD management were those of the English National
Institute for Clinical Excellence published in 2004.[14,15]

Treatment recommendations were based on a holistic
assessment of patients that included eight domains:
smoking status, breathlessness and exercise limitation,
exacerbation frequency, presence of respiratory failure,
cor pulmonale, chronic productive cough, body mass
index, and mental health. Recommended management
varied from individual to individual to address these
domains.[14]

Over time the recommendations in the GOLD report
have evolved to become more tailored toward individual
patients. A significant step forward was the introduction
in the 2013 Report of the initial assessment of patients
according to the severity of their symptoms and their risk
of exacerbations. Assessment also included the severity of
the spirometric abnormality and the presence of
comorbidities. This approach was refined in the 2017
report which has remained unchanged since then. The
degree of forced expiratory volume in 1 s (FEV1)
impairment, expressed as a percentage of the predicted
value, is used to determine the GOLD stage (1–4). The
level of symptoms, as determined by the modified
Medical Research Council breathlessness score or the
COPD assessment test and the risk of exacerbations,
based on the number of moderate or severe exacerbations
in the previous year, are used to determine the patient’s
GOLD group (A–D) [Figure 1]. This assessment of
symptoms and risk of exacerbations is recommended as
the basis for determining initial therapy.
c obstructive pulmonary disease assessment test; COPD: Chronic obstructive pulmonary
structive Lung Disease Initiative; mMRC: Modified Medical Research Council.
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Exacerbation frequency is an important characteristic of
COPD. Patients with frequent exacerbations have worse
health status, lung function, and survival.[16,17] The
ECLIPSE study showed that the single best predictor of
exacerbations was the history of exacerbations.[18] The
GOLD report uses a threshold of a history of two
moderate exacerbations in the past year to identify
patients at increased risk of future exacerbations. This
classification has been supported by a hypothesis-free
prospective cohort study of COPD patients.[19] However,
there is considerable variability in exacerbation frequency
over time.[20,21] Given the significance of severe (ie,
hospitalized) exacerbations,[22] a history of one severe
exacerbation is also considered to put patients into the
high risk category.

In the 2019 report, blood eosinophil counts were also
included as a factor to consider when determining initial
pharmacotherapy. GOLD recommends that subsequent
adjustments to pharmacotherapy are determined by
characterizing patients according to their continuing
symptoms, occurrence of exacerbations, and blood
eosinophil counts [Figure 2].

As part of the initial assessment, theGOLDReport and the
World Health Organization also recommend that all
patients with COPD should be screened for alpha-1
antitrypsin deficiency (AATD), especially in areas with
high AATD prevalence.[23,24] Alpha-1 antitrypsin (a1-AT)
is a glycoprotein protease inhibitor. Decreased a1-AT
levels in lung are caused by mutations in the SERPINA1
gene and lead to an increased risk of emphysema.[25]

AATD is present in only a small proportion of patients
with COPD but it provides an excellent example of how
precision medicine in COPD could be based on genetic
abnormalities, even though identification of AATD does
not currently change management significantly. Intrave-
Figure 2: Major milestones of precision medicine approaches in guidelines on COPDmanagem
Global Obstructive Lung Disease Initiative; NICE: National Institute of Clinical Excellence.
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nous augmentation therapy with plasma-purified alpha-1
antitrypsin (AAT) was approved by the Food and Drug
Administration (FDA) in 1987, but although it has been
shown to decrease the loss of lung density on computed
tomography (CT), it has not affected FEV1, quality of life,
or exacerbations.[26,27]

In patients with severe disease, a precision medicine
approach helps determine the need for oxygen therapy or
ventilatory support. Arterial blood gas measurements,
together with the presence or absence of clinical features of
cor pulmonale and the presence or absence of erythro-
cytosis, determine whether long term (>15 h per day)
oxygen therapy (LTOT) is indicated. LTOT increases
survival in patients with severe resting hypoxemia,[28] but
has no benefit in patients with resting or exercise-induced
moderate desaturation.[29] The use of domiciliary non-
invasive positive pressure ventilation (NPPV) is a good
example of a specific intervention for a specific subgroup
of patients at a specific time point. NPPV is of benefit in a
very specific group of patients: those with resolution of
acidosis (pH >7.30), persistent hypercapnia (PaCO2
>53mmHg), hypoxemia (PaO2 < 55mmHg) and
>30% of sleep spent with <90% oxygen saturation 2
to 4 weeks after discharge from hospital because of an
acute episode of exacerbation. In such patients, adding
home NPPV to home oxygen therapy prolongs the time to
readmission or death.[30]

Another example of precision medicine in COPD is the
assessment of patients for bronchoscopic or surgical
interventions such as lung volume reduction surgery and
bronchoscopic lung volume reduction using endobron-
chial valves, lung volume reduction coil treatment, or
vapor ablation therapy. Suitability and the selection of the
optimal procedure are determined by a detailed consid-
eration of a number of factors. These include the severity
ent. ATS: American Thoracic Society; COPD: Chronic obstructive pulmonary disease; GOLD:
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of airflow obstruction, the radiographic findings on the
extent and pattern of emphysema on a high resolution CT
(HRCT) scan; the extent of hyperinflation and impairment
of gas transfer on lung function testing, exercise capacity,
presence or absence of interlobar collateral ventilation
measured by fissure integrity on HRCT or physiological
assessment (endoscopic balloon occlusion and flow
assessment).[31]
Biomarkers

The eosinophil count is currently the only blood
biomarker the GOLD report includes to guide the choice
of pharmacotherapy. Blood eosinophil counts can help
clinicians estimate the likelihood of a beneficial effect of
the addition of inhaled corticosteroids (ICS) to regular
bronchodilator treatment on reducing exacerbation
frequency. Prospective clinical trials have now shown
that there is a threshold (approximately 100 eosinophils
per mL) below which ICS have no benefits, but above the
threshold there is a continuous relationship between blood
eosinophil counts and the benefits of ICS.[32,33] Using
blood eosinophil counts to guide choice of therapy and
minimize adverse effects in those least likely to benefit is
another example of the introduction of precision medicine
for COPD.

Phenotyping the inflammatory profile of patients with
COPD may allow the use of other more specific
management approaches. Higher blood eosinophil counts
in COPD patients are associated with increased lung
eosinophil numbers and the presence of higher levels of
markers of type-2 inflammation in the airways.[34-36]

However, T2 inflammation in eosinophilic COPD is not
identical to T2 inflammation in asthma[35] and anti-
interleukin (IL)-5 therapy targeting the proliferation,
differentiation, and migration of eosinophils, has shown
disappointing results in patients with COPD.[37,38]

However, higher blood eosinophil counts are associated
with higher IL-13 expression levels suggesting pathways
linking eosinophilic inflammation to airway remodeling
and mucus secretion.[39] Chronic cough and sputum
production are common symptoms in COPD.[40] They are
associated with worse health status, and an increased risk
of exacerbations and respiratory mortality.[41,42] Identi-
fying IL-13 driven bronchitis opens the possibility of
precision therapy with anti-IL-13 agents for these
patients.[43]
Microbiome

The contribution of the microbiome to the symptoms and
progression of COPD is still uncertain, although signifi-
cant steps have been made in recent years to begin to
understand its role, despite challenges such as the fact that
different lung compartments have distinct microbiota,
both in terms of abundance and composition. Overall, the
microbiome composition is different in COPD patients
compared to healthy controls and some of these differ-
ences correlate with airway inflammation.[44-47] Reduced
diversity of the microbiome is found with increasing
severity of COPD with a loss of part of the resident flora
that is replaced by a more restricted microbiota including
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potential pathogens.[48,49] In a murine model, microbiota-
dependent signals contribute to persistent inflamma-
tion.[50] Long-term azithromycin is recommended by
GOLD to reduce exacerbation rates in patients who
continue to have problems despite optimal inhaled
therapy. Its mechanism of action is not completely
understood but may include maintaining a selective
pressure on the lung microbiome,[51] as well as actions
beyond its direct antibacterial effect.[52] These may
include effects on anti-inflammatory bacterial metabolites
produced by the microbiome.[53] Understanding the role
of themicrobiome and profiling it in individual patients, as
part of a precision medicine approach, may provide novel
targets for therapeutic intervention.
Characterization of Patients in the Future

Future advances in a precision medicine approach to
COPD will depend on more precise characterization of
individual patients. This may be based on quantitative
imaging,[54] new physiological techniques,[55] better
understanding of genetic signatures, and the identification
of biomarkers. The blood eosinophil count is the only
blood-based biomarker that has proved reliable for
clinical practice. Fibrinogen has been shown to be a
prognostic biomarker of exacerbations and death.[56,57] It
was the most stable of 34 biomarkers assessed in the
ECLIPSE cohort,[58] a critical feature for clinically useful
biomarkers and has been approved by FDA as an
“enrichment biomarker” for clinical trials. Fibrinogen
can be measured in routine clinical practice, and it was
prospectively evaluated in the IMPACT study which
showed that the rate and risk of exacerbations were higher
in patients with higher fibrinogen levels,[59] suggesting
that fibrinogen could be used as a predictive marker in
clinical practice to identify patients that are at a higher risk
of experiencing exacerbations and would benefit from
appropriate treatment to reduce future risk.[60]

C-reactive protein (CRP) has been studied as a biomarker
to guide antibiotic therapy for exacerbations in both
inpatient,[61] and community settings[62] and the GOLD
report comments that antibiotic usage can be safely
reduced when CRP is low. Thus, CRP could support a
precisionmedicine approach tominimizing risk of therapy
to those least likely to benefit. Procalcitonin has also been
studied as a biomarker to determine the use of antibiotics
in COPD exacerbations, but overall the data in hospital-
ized patients show no significant reduction in overall
antibiotic exposure[63] and the GOLD report concludes
that it is premature to base antibiotic use on procalcitonin
levels. Other biomarkers in COPD have also proved
disappointing, in most cases, because of poor replication
of initial promising results in independent cohorts[64] and/
or inability to transfer the biomarker from a discovery
platform to a clinical assay.[65,66]
Comorbidities

Precision medicine in COPDmust also take account of the
fact that most patients with COPD have comorbidities (ie,
other chronic conditions) and these must be taken into
account as part of the assessment and formulation of an
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individual management plan. It must also take account of
the fact that patients with COPD are not only physically
limited, but often show great reductions in their
psychological and social functioning. Comorbid depres-
sion and anxiety are present in nearly 50% of patients
with COPD[67] and are associated with increased
mortality, more frequent exacerbations, persistent smok-
ing, longer and more frequent hospitalizations, increased
symptom burden, worsened physical and social function-
ing, and decreased quality of life.[68-73] A precision
medicine approach must include an assessment of these
psychological factors in individuals alongside characteri-
zation of the pulmonary disease, as their treatment has the
potential to improve COPD outcomes.
Palliative Interventions

Finally, a precisionmedicine approach to COPDmust also
identify the need for palliative interventions, which
encompass approaches to symptom control as well as
management of terminal patients close to death. Many
patients continue to experience symptoms such as
breathlessness despite maximal therapy and for them
palliative approaches to symptom control are important.
Symptoms such as fatigue and insomnia, as well as anxiety
and depression may also benefit from symptom-based
palliative treatments.[74] Palliative care interventions are
under-used in the management of COPD[75] and patients
with COPD are more likely to die with aggressive medical
intervention directed toward survival, less likely to receive
palliative services than patients with lung cancer and
advanced directives are not implemented.[76] Precision
medicine must include assessment of these individual
needs and when appropriate they should be addressed in
the management plan.

Conclusions

Themanagement of COPD has undoubtedly becomemore
precise over the last 20 years, bringing great benefits to
patients. However, many challenges remain. Clinicians
must consider all available biological factors and
psychosocial factors at an individual patient level to
improve assessment, treatment, outcomes, and cost-
effectiveness.
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