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Reports of potential biomarkers in breath are rapidly accumulating, such that systematic reviews are
now feasible. We should now take stock and ensure every future study design is able to contribute a
step forward towards future clinical application. http://bit.ly/2khqrWi
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Over recent years, the field of breathomics has matured such that systematic reviews are not only viable,
but considered important enough for dissemination via high impact clinical research journals such as the
European Respiratory Journal. Recently, we have seen accelerating interest in this exciting biomarker
discovery platform with reviews covering topics such as paediatric asthma [1], lung infection [2, 3] and
fibrotic lung diseases [4, 5]. For rapidly developing fields such as this, synoptic work provides important
functions both for newcomers, by introducing and stimulating interest, but equally for established
researcher teams, by highlighting both consistency and variability in findings across studies. This helps
create a platform for improved, and perhaps standardised, developments in study design, sample collection
and analysis, and data analysis and reporting. Invariably these reviews have highlighted the paucity of
longitudinal, well controlled studies, and significant variability in sampling and analytical techniques [6].
In this issue of the European Respiratory Journal, AZIM et al. [7] report a new systematic review covering
breathomics in adult asthma. They found that reports of high quality remain relatively few, with only 22
studies meeting the fairly broad inclusion criteria. Most of the included studies investigated breath for
disease identification, rather than more refined targets, such as asthma phenotyping or identification of
treatment responses or exacerbations. The varied methodologies employed make direct comparisons
difficult and meta-analysis impossible, and perhaps because of this the authors did not attempt to list the
identified volatile organic compounds (VOCs) from each study. Such summative lists would nevertheless
be useful both in highlighting inconsistency and also (more encouragingly) where the same or similar
discriminatory volatiles have been identified in studies using different populations, sampling and analytical
techniques. One example is the different breathing techniques employed; we know for exhaled nitric oxide
different expiratory flows enable targeting of different airway/alveolar compartments, and result in very
different values [6]; this is very likely to be the case for breath volatiles too.
Whilst we are still in this discovery stage it is time to refine our study designs so that we can make
progress towards tailored clinical application. The most commonly stated aim in current studies is to
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investigate potential breath biomarkers that can be used in the diagnosis of asthma. However, they
typically report differences in breath profiles between participants with a diagnosis of asthma compared to
a group without. The usual “gold standard” cited in these studies is often a “doctor’s diagnosis” of asthma,
which we know to be wrong in up to a third of cases [8]. Hence, this “gold standard” may be the weakest
part in the chain when validating new biological diagnostic markers. This problem is found in other
diseases, such as acute respiratory distress syndrome, and is a key problem in biomarker research [9].
Hypotheses addressing changes in volatiles in disease are typically constructed on expected differences due
to inflammation, treatment intervention and/or even the microbiome. In this regard there are likely to be
many critical differences in clinical characteristics between the asthma patients included in such studies
compared to those in whom we need a diagnosis, i.e. someone presenting to their primary care physician
with a wheeze and/or cough. In such studies the average age is usually well into adulthood, participants
have had “established disease” perhaps for 10 years or more, and are most likely taking anti-inflammatory
and bronchodilator therapy. It is therefore perhaps not surprising that so few findings have been externally
validated or replicated. Nitric oxide may well have not been confirmed as a potential diagnostic in asthma
if studies had only investigated its use in steroid-treated patients [10].
In fact it is debateable whether the concept of a “single diagnostic” for asthma is even credible, especially
one based on inflammation when the objective diagnosis is in fact based on demonstration of variable
airflow obstruction. Is it biologically plausible that a biochemical marker in the breath might tell us that
there is variable airflow obstruction? Perhaps we should be ignoring the somewhat artificial concepts of
asthma (or COPD), and instead target the inflammatory phenotype directly; a tactic described with
successful results in the European Respiratory Journal last year by DE VRIES et al. [11]. If we do persevere
with pursuing the Holy Grail of instant diagnosis, we must consider at the design stage whether we are
aiming for confirmation or exclusion of disease. This differs between diseases: for lung cancer, biomarkers
should primarily exclude the disease, meaning one should aim for 100% sensitivity; for asthma diagnosis,
perhaps one could aim for being more specific by optimising positive predictive value.
There are many other urgent questions in asthma beyond diagnosis [12]. How do we select, titrate and
monitor treatment? Who is at risk of exacerbation or severe disease? These questions are likely linked to
distinct mechanistic pathways [13], which therefore might be reflected in biochemical markers. However,
specifically designed, prospective studies are needed to address them, and to date few have been
performed. As for diagnosis, these studies need to be hosted in the environment in which they will be
performed, and compared to a clinically and biologically meaningful “gold standard”.
Where can breath outperform currently available biomarkers? One area perhaps is in predicting response
to monoclonal antibodies in severe asthma, such as anti-IL-5. Selection for the latter is currently based on
blood eosinophils, but we know that around a fifth of those without blood “eosinophilia” still have
evidence of eosinophilic airway inflammation [14, 15], and are thus potentially missing out on these
treatments. On the other hand, roughly the same proportion of those meeting the prescribing criteria may
not have any clinically meaningful benefit. A non-invasive and predictive marker of airway inflammation
and treatment response would certainly be of use here, and preliminary data suggest that it may be
achievable with breath [16].
Alternatively, the “bottom up” approach aims to discover selective volatiles or particular combinations of
those in cell or animal models and then look for them in well-designed human studies. This is most
obviously applicable in bacterial infection [17, 18] or in identifying dominant inflammatory cell signatures
in asthma [19], but has not yet been translated all the way from cell to breath. Since these metabolites are
likely to be (far) downstream of cellular processes, perhaps the way to go is to link exhaled markers and
their patterns to transcriptomic and proteomic data that more directly represent cell biology. Such indirect
anchoring of breath profiles has recently been done in relation to sputum transcriptomics [20].
As reported by AZIM et al. [7], sufficiently detailed description of technical methods, especially analytical
parameters and data pre-processing, are rarely given to allow comparison between studies. Given the
sensitivity of the instruments used, and variability between them, it is not surprising that few studies have
validated others’ findings. The only cases of external validation have occurred where the same analytical
team have been used for the training and validation samples [11, 21, 22]. The recent work by SCHLEICH
et al. [22] in fact is the first that has provided true external validation by gas chromatography mass
spectrometry (GCMS) in a large number of patients. This was likely due not only to the tight control of
analytical aspects (both chemical and statistical) but also the selection of an airway-relevant and testable
hypothesis (airway inflammatory profiles). Another serious consideration for any biomarker discovery
study, especially in asthma, and very recently confirmed to be important in breath, is the influence of
circadian rhythm [23].
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AZIM et al. [7] do not provide an analysis of specific VOCs that have been found to be discriminatory
between disease characteristics of interest. This was beyond the scope of their already extensive work, but
of interest to both clinicians and researchers. It is also of vital importance if findings are to be validated.
Furthermore, when VOCs are reported some indication of the confidence in findings must be given (e.g.
following Metabolomics Standards Initiative recommendations [24]). As noted above, GCMS studies have
had difficulty in replicating VOCs in association with asthma. GCMS can be also used to generate
fingerprints of VOCs similar to eNoses; arguably this approach may reflect complex biology better than
identification of each individual metabolite.
Breathomics is perhaps at “the end of the beginning” for asthma at least; it has a “sexy” name, some
promising and consistent findings, and the key questions are at last being better recognised. It is vital that
studies now move forward with designs that address the needful questions in the spirit of personalised
medicine and report methods that can be independently replicated across populations and laboratories. We
hope that this is the beginning of a new era, and that future systematic reviews may be able to access data
of sufficient quality on which to perform meta-analysis on individual or combinations of VOCs, and get
us closer to clinical implementation.
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