
Asthma biomarkers: what constitutes a
‘gold standard’?
Joseph R Arron,1 Kenji Izuhara2

Many studies have assessed sputum
eosinophil percentage as a phenotypic
descriptor in asthma patients. Adjusting
inhaled corticosteroid (ICS) dose based on
sputum eosinophilia can lead to better
clinical outcomes than using empirical
clinical guidelines alone.1 2 While techni-
ques for collecting and analysing sputum
eosinophils are available in specialty
clinics, sputum analysis remains time con-
suming, onerous to the patient, labour
intensive and is not always successful,
which precludes its broader clinical gener-
alisability to primary care settings where
most asthma patients are managed. Thus,
there is a need for less invasive and more
technically straightforward means of phe-
notyping asthma patients to enable thera-
peutic management along biological,
rather than empirical, guidelines. In par-
ticular, accurate phenotyping of severe
asthma patients refractory to ICS treat-
ment has proven to be critical for demon-
strating the efficacy of emerging
experimental therapies that target specific
inflammatory pathways.3

Sterk and colleagues compared three
biomarkers, peripheral blood eosinophils,
fractional exhaled nitric oxide (FeNO) and
serum periostin levels, for assessing how
reliably each reflects sputum eosinophilia
in a cross-sectional study.4 They report
that blood eosinophils performed favour-
ably, with a receiver operating characteris-
tic area under the curve of 0.89 in a test
cohort and 0.85 in a replication cohort.
Using a threshold of 270 eosinophils/μL of
blood, they report positive and negative
predictive values of 79% and 91% for pre-
dicting sputum eosinophilia of ≥3%,
which is in line with a recent similar study
in Clinical and Experimental Allergy by
Zhang and colleagues who identified 260
eosinophils/μL of blood as an optimal
cut-off.5 Overall, the finding that blood
eosinophil counts are a reasonably accurate
biomarker of sputum eosinophil

percentage in two rigorously conducted
independent studies is encouraging, as
blood eosinophil counts are readily
obtained from a complete blood count
with differential, a test that is convenient
and widely available on automated haema-
tology analysers, which are locally cali-
brated at most clinical laboratories.
While Sterk and colleagues found that

FeNO levels were also significantly predict-
ive of sputum eosinophilia, they did not
observe a significant relationship between
serum periostin and sputum eosinophilia,
a finding at odds with previous work from
our groups.6 7 Periostin is a matricellular
protein secreted from stromal cells in
response to various stimuli, most notably
TGFβ, interleukin (IL)-4 and IL-13.
Elevated peripheral blood levels of perios-
tin have been described in asthma as well
as other disease states including systemic
sclerosis, idiopathic pulmonary fibrosis,
atopic dermatitis and cancer.8 9 Among
asthma patients, periostin gene and
protein expression levels are elevated in
bronchial tissue and are highly correlated
with the expression of the type 2 cytokines
IL-5 and IL-13 and with eosinophilic
airway inflammation.10 11 Independently
developed serum periostin assays in mul-
tiple patient populations in exploratory
studies and randomised placebo-controlled
clinical trials (RCTs) have shown that
serum periostin levels are positively corre-
lated with FeNO and eosinophils in
sputum, bronchial mucosal tissue and per-
ipheral blood in asthma patients.3 6 7

Serum periostin, blood eosinophils and
FeNO were prognostic for increased rates
of severe asthma exacerbations in the
placebo arm of a large clinical trial and
predicted increased clinical benefit from
treatment with omalizumab (anti-IgE).12

Elevated serum periostin levels identified
patients more likely to demonstrate
improvement in lung function and reduc-
tion in exacerbation rates in 3 different
RCTs of two independent anti-IL-13 ther-
apies (lebrikizumab and tralokinumab) in
over 1100 moderate-severe asthma
patients, using two independently devel-
oped periostin assays.13–16 Lebrikizumab
treatment reduced the distributions of
serum periostin and FeNO levels in
moderate-severe asthmatics to those

observed in healthy non-asthmatic sub-
jects, underscoring the mechanistic link
between IL-13 and these biomarkers.3

As one of the goals of Sterk and collea-
gues was to ‘externally validate’ serum
periostin as a surrogate biomarker of
sputum eosinophilia in asthmatic patients,
it is important to try to understand the
discrepancies between their findings and
previously published results from inde-
pendent groups. They cite the Standards
for Reporting of Diagnostic Accuracy
(STARD) guidelines17 as a pretext to
externally validate the diagnostic accuracy
of blood eosinophils, FeNO and serum
periostin in identifying asthmatic patients
with sputum eosinophilia. A critical com-
ponent of the STARD guidelines is
Item 8, which pertains to technical specifi-
cations for measurements, index tests and
reference standards. There are several
levels of regulatory qualification for clin-
ical biomarker tests, the most relevant
designation being in vitro diagnostic
(IVD) devices. An IVD device has been
defined by the Global Harmonization
Task Force as ‘a device, whether used
alone or in combination, intended by the
manufacturer for the in-vitro examination
of specimens derived from the human
body solely or principally to provide
information for diagnostic, monitoring or
compatibility purposes. This includes
reagents, calibrators, control materials,
specimen receptacles, software, and
related instruments or apparatus or other
articles’ (http://www.imdrf.org/docs/ghtf/
final/sg1/technical-docs/ghtf-sg1-n071-
2012-definition-of-terms-120516.pdf). Of
the biomarkers assessed in this article,
FeNO and blood eosinophils were mea-
sured using devices that meet this stand-
ard, whereas sputum eosinophils and
serum periostin were measured by assays
that do not meet this standard. Presently,
there are no commercially available serum
periostin or sputum eosinophil assays that
are regulated as IVD devices. It should be
noted that blood eosinophils, even if mea-
sured on an IVD device, are not indicated
for the diagnosis of sputum eosinophilia
in asthma patients. Additionally, there are
many makes and models of automated
haematology counters; they are not all
calibrated identically nor do they have the
same reference ranges.

Two possible explanations for the
lack of concordance between serum peri-
ostin and sputum eosinophilia are: 1)
periostin assay used and 2) the clinical
features of the cohorts examined. The
R&D Systems periostin assay technical
performance as reported by the authors
had intra-assay and inter-assay coefficients
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of variability (CVs) of 12.3% and 17.4%,
respectively. In our proprietary assays we
have reported assay CVs of 2.8%–5.3%
or 1.5%–3.0%, respectively, across a
broad range of periostin concentrations in
human serum.6 18 Although the authors
have attempted to optimise the R&D
assay for both serum and
EDTA-anticoagulated plasma, these matri-
ces are complex and a given biomarker
assay may behave differently in each
matrix. Blood biomarkers may have
undergone post-translational modifica-
tions that affect the interpretability of the
assay relative to a recombinant standard.
As periostin can exist in multiple differen-
tially spliced isoforms,19 which are
present in different proportions in differ-
ent tissues and disease states,20 21 the
potential for confounding results due to
different mixtures of isoforms in a bio-
logical sample must be accounted for.
Accordingly, the authors report that there
was a significant correlation between
sputum eosinophil percentage and serum
periostin levels using the Elecsys Periostin
assay (under development by Roche
Diagnostics), but not with the R&D assay,
although neither assay showed significant
effects in the ROC analyses. Furthermore,
the range and distribution of periostin
levels were substantially different between
the two assays; a direct comparison of
individual samples run on both assays is
not shown. Regarding asthma severity, the
populations described in the present study
were generally less severe and on lower
steroid doses than those described in prior
periostin studies, which may result in dif-
ferent relationships between airway
inflammation and biomarker distributions.
This study does not fully resolve these
issues and as the authors suggest, it will be
of interest to assess these biomarkers in
larger multi-center cohorts representing a
range of severity such as U-BIOPRED.

Larger questions remain: why are
sputum eosinophils the ‘gold standard’?
What is the significance of applying a
cut-off of 2% or 3% to sputum eosino-
phils when their levels are continuously
distributed across the population? Given
the temporal variability in airway inflam-
mation, what is the significance of a
single cross-sectional measurement of
sputum eosinophil percentage? And what
pathophysiological mechanisms of
asthma do sputum eosinophils actually
reflect? There is a significant but weak
correlation between sputum eosinophil
percentage and blood eosinophil counts,
but the correlations between eosinophils
in different airway compartments includ-
ing bronchial mucosal tissue and

bronchoalveolar lavage (BAL) fluid are
also weak.22 We have shown that serum
periostin levels are related to both
sputum and bronchial tissue eosinophil
levels, and these effects are additive.5

Therefore, a systemic biomarker that
effectively integrates the aggregate
inflammation across the total airway
tissue may be a better indicator of a
given subject’s inflammatory state than an
isolated sputum, biopsy or BAL sample.
Unfortunately, such a highly sensitive and
specific biomarker may not exist. Asthma
patients often have comorbidities such as
atopic dermatitis or rhinosinusitis that
can contribute to the peripheral blood
pool of eosinophils or periostin, or there
may be genetic and/or environmental
influences on these biomarkers.
All this is to say that defining an airway

phenotype in asthma is important, but
only if there is an intended use for that
phenotypic information. If the decision is
to initiate, escalate, or decrease the dose
of inhaled or systemic corticosteroids so
as to reduce the risk of asthma exacerba-
tions, evidence suggests that titrating
steroid doses to sputum eosinophil or
FeNO levels1 2 23 may reduce the rate of
exacerbations in a population of patients
although we are not yet at the point of
being able to confidently predict benefit
or risk for any given individual based on
biomarkers. The results presented by the
Sterk4 and Zhang5 groups suggest that
future studies should assess the utility of
blood eosinophil counts for similar pur-
poses. For investigational therapies tar-
geting inflammatory cytokines such as
IL-5 and IL-13, consideration should be
paid to the biological activities of thera-
peutic targets as they relate to biomar-
kers. IL-5 leads to eosinophil
haematopoiesis and mobilisation from
the bone marrow but does not directly
induce the expression of periostin or
inducible nitric oxide synthase (iNOS).
IL-13 acts directly on airway structural
cells to induce periostin and iNOS
expression and therefore may be more
directly and mechanistically linked to
serum periostin and FeNO than IL-5.
IL-13 does not directly induce eosinophil
production, but does induce the expres-
sion of chemoattractants in structural
cells of the airway that can recruit and
retain eosinophils in bronchial tissue.
IL-5 and IL-13 are highly coregulated in
vivo in human asthmatic airway tissue.
Thus, IL-5 and IL-13 likely conspire to
promote systemic and tissue eosinophilia,
with IL-5 leading to eosinophil produc-
tion and IL-13 leading to eosinophil
recruitment.3

The precise relationships among
molecular pathways, biomarkers, patholo-
gies and treatments in asthma remain to be
determined and will require interventional
therapeutic studies in conjunction with the
assessment of invasive and non-invasive
biomarkers. As our armamentarium of bio-
markers and therapeutic options expands,
we must remember that the ultimate goal
of these ongoing and future investigations
is not to identify the strongest correlations
between biomarkers, but to develop the
best tools to identify therapeutic interven-
tions most appropriate for managing the
clinical presentation of individual patients.
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