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FDG uptake on PET/CT is a potential biomarker of pulmonary inflammation in COPD and may
reflect disease activity, but does it have the characteristics of a “good” biomarker?
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COPD is a complex and markedly heterogeneous condition for which a one-size-fits-all approach to
treatment is clearly unsatisfactory. Instead, COPD is well suited to a “precision medicine” approach whereby
treatments are targeted towards patients who will likely gain the most benefit [1]. Central to the precision
medicine paradigm is the use of biomarkers, which are defined by the US National Institutes of Health (NIH)
as objectively measured characteristics that indicate normal biological processes, pathogenic processes, or
pharmacologic responses to therapeutic interventions [2]. Biomarkers can be categorised based on their
function or intent, such as susceptibility, diagnosis, prognosis, or prediction of treatment responses [3].
Plasma fibrinogen is currently the only COPD biomarker approved by the US Food and Drug Administration
(FDA) Biomarker Qualification Program [4], and is used for the enrichment of clinical trial cohorts with
participants at increased risk of moderate-severe acute exacerbations of COPD [5–7].

In this issue of ERJ Open Research, VASS et al. [8] investigated 18F-fluorodeoxyglucose positron emission
tomography paired with computed tomography (FDG PET/CT) as a potential biomarker of pulmonary
inflammation in COPD. FDG is a glucose analogue that is taken up by highly metabolically active cells
including malignant and inflammatory cells. By pooling participants from two previously published
research cohorts [9, 10], the investigators found that participants with smoking-related COPD, alpha-1
antitrypsin deficiency-associated COPD, and smokers with normal spirometry had significantly greater
pulmonary FDG uptake than never-smokers, but were not distinguishable from each other. The differences
were significant in the upper and middle, but not lower lung regions, although FDG uptake was not
dependent on lung parenchymal changes on CT. This discrepancy may reflect differences in lung
inflammation across lung zones that are distinct from structural changes or could be due to technical issues,
such as motion artefact in the lower zones, rather than true regional differences in inflammation. While the
regional differences warrant further investigation to distinguish true disease underpinnings from technical
limitations, the authors concluded that FDG-PET/CT may be useful to both quantify and visualise
pulmonary inflammation in COPD [8].

Even though the finding that pulmonary FDG uptake is increased in COPD is not new [11, 12], the present
study [8] is the largest of its kind and made a number of observations that are important when considering
its utility as a potential biomarker. The first was that current smokers with normal spirometry had just as
much lung inflammation as participants with definite COPD. Previous studies suggest that the extent of
inflammatory activation in response to cigarette smoke exposure may indicate susceptibility to developing
COPD [13]. Since only a minority of smokers will progress to definite COPD [14], a susceptibility
biomarker could allow targeted preventive strategies although this would require large, longitudinal studies
to establish. The second was that pulmonary FDG uptake in COPD was stable over time. Imaging
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performed 4 months apart showed a mean difference of only 3.2% and a low within-subject coefficient of
variation of 7.7%. Interestingly, and unlike the clinically stable participants, those who experienced an
AECOPD during the follow-up period had a small but definite increase in pulmonary FDG uptake on repeat
imaging, suggesting that FDG uptake may track with exacerbations. Finally, pulmonary FDG uptake was
positively correlated with a number of peripheral blood inflammatory markers, most notably plasma fibrinogen,
which was independent of current smoking status and forced expiratory volume in 1 s (FEV1) % predicted.

Together, these observations suggest that pulmonary FDG uptake may reflect “disease activity”, a concept
that is distinct from “disease severity” (which can be measured by FEV1 or BODE (body mass index,
airflow obstruction, dyspnoea, exercise capacity) index) and that is well understood in other chronic
diseases such as inflammatory bowel disease [15] and rheumatoid arthritis [16], but has been difficult to
quantify in COPD [17]. Having a biomarker of disease activity would be a welcome tool in the precision
medicine arsenal, since it may allow risk stratification, prognostication, targeted treatment, or treatment
response monitoring.

This imaging study [8] is a reminder that biomarker candidates need not be limited to blood measurements
or genetic markers. Indeed, CT and magnetic resonance imaging (MRI) have been extensively considered
for biomarker development in COPD (table 1). CT has been the workhorse modality for evaluation of
COPD using both qualitative [18] and quantitative [19] approaches. Quantitative CT methods have
generated a wealth of candidate biomarkers that probe structural alterations in the lung parenchyma, such
as the lung density measurements reported in the current study [8], as well as airways and pulmonary
vessels. Paired inspiratory-expiratory CT may also be analysed for indirect functional biomarkers [20],
such as small airways disease or gas trapping [21, 22], and lung biomechanics [23]. In contrast, MRI using
inhaled hyperpolarised gases (3He or 129Xe) provides direct functional information in the form of
pulmonary ventilation distribution and gas exchange [24] that are highly abnormal and regionally
heterogeneous in patients with COPD [25, 26]. An important advantage of imaging over other approaches
to biomarker discovery is the ability to capture regional heterogeneity in lung structure, function and
physiology that is characteristic of COPD. Numerous multimodality imaging measurements, whether PET,
CT or MRI, have immense potential as biomarkers to enable precision medicine in COPD, yet still require
rigorous evaluation to meet NIH and FDA biomarker criteria.

When considering whether to pursue a novel potential biomarker, consideration must be given to what
makes a “good” biomarker [3]. For example: there should be biological plausibility with a strong,
consistent, and independent relationship between the biomarker and the disease; the biomarker test should
be robust and accurate, and its association with the disease or treatment outcomes should be free from
confounding influences unrelated to the disease itself; “monitoring” biomarkers should be directly related
to a change in the clinical state; “predictive” biomarkers should be able to predict treatment effects that are
clinical meaningful; and all biomarkers should be relatively simple, accessible, and easily interpretable in
order to facilitate translation from research to practice.

So, might pulmonary FDG uptake on PET/CT be a “good” imaging biomarker in COPD? The present
study [8] begins to build a case for this by demonstrating repeatability over time in stable COPD patients,
and changes that may reflect clinical state (i.e. recent exacerbations). However, several questions remain

TABLE 1 PET, CT and MRI: summary for potential COPD biomarkers

Modality Type Measurement Potential biomarker of Radiation Cost Time

PET Functional 18F-FDG Lung FDG uptake
Large vessel FDG uptake

Pulmonary inflammation
Risk of cardiovascular events

+++ ++ +++

CT Structural
Insp only

Lung density
Airway structure
Vascular pruning

Emphysema, AECOPD risk, FEV1 decline
COPD risk, FEV1 decline
Mortality risk

+ + +

Functional
Insp/Exp

Low density on exp
Deformation on image registration

Small airways disease/gas trapping
Biomechanics

++ + +

MRI Functional
3He/129Xe

Ventilation defect percent
Dissolved phase

Ventilation heterogeneity
Gas exchange

− +++ +

PET: positron emission tomography; CT: computed tomography; MRI: magnetic resonance imaging; Exp: expiratory; Insp: inspiratory; FDG:
fluorodeoxyglucose; FEV1: forced expiratory volume in 1 s; AECOPD: acute exacerbation of COPD.

https://doi.org/10.1183/23120541.00445-2021 2

ERJ OPEN RESEARCH EDITORIAL | S. MILNE ET AL.



unanswered in order to establish its utility as a biomarker. First, does the large variability in FDG uptake
among COPD participants reflect true variability in disease activity between patients? This could be
answered in longitudinal studies that relate lung FDG uptake to clinical indicators of disease activity, in
studies that monitor the FDG response to anti-inflammatory treatments such as inhaled corticosteroids, or
even using a more novel approach of relating FDG uptake to regional lung inflammation sampled via
bronchoscopy. Secondly, does the strong effect of current smoking on FDG uptake indicate that smoking
incites or enhances disease activity, or does it merely confound the relationship? This would need to be
determined in order to make both within- and between-subject comparisons. Finally, would the ionising
radiation, long examination time, and relative inaccessibility of PET/CT ultimately limit its viability as a
biomarker outside the research setting?

Nevertheless, the study by VASS et al. [8] is an important advancement for biomarker discovery and
development in COPD. The association between pulmonary FDG uptake and disease activity deserves
further investigation, and the qualities of a “good” biomarker should be taken into consideration when
designing future studies.
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