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Purpose of review

Asthma is heterogeneous with different endotypes/phenotypes. Response to corticosteroids is variable and
novel biological therapies are proving useful. Biomarkers allow individualization of treatment. This review
provides an update on available data regarding asthma biomarkers with focus on their utility for prediction
of response to steroidal and new biological therapies.

Recent findings

Blood eosinophils are a biomarker with acceptable accuracy as a surrogate for sputum eosinophilia, are
associated with relevant outcomes, and are more readily measureable. New evidence supports fraction of
exhaled nitric oxide (FENO)-based treatment algorithms for cost-effective maintenance of asthma control/
quality of life. Serum and sputum-derived periostin are biomarkers of lung function decline and associated
with eosinophilic airway inflammation. Transcriptomics show promise for endotyping; their role in
management remains to be determined. Biomarker panels may improve predictive value as shown for the
combination of FENO/urinary bromotyrosine in prediction of steroid responsiveness. Novel biological
therapies are proving effective in biomarker-selected populations.

Summary

Biomarkers including blood eosinophils and FENO are proving to have utility for the effective
administration of steroidal and novel biological therapies in asthma, allowing individualized treatment.
Transcriptomics can discriminate subtypes of asthma and may have a role in delivery of individualized
therapy.
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INTRODUCTION

Asthma is a chronic heterogeneous disease charac-
terized by airway inflammation, typical symptoms,
and variable expiratory airflow limitation [1]. It
affects 300 million people worldwide, causes
250 000 deaths annually and significantly impacts
on healthcare services and society as a whole [2].
Different endotypes (defined by distinct pathophy-
siological mechanisms) and phenotypes (defined by
characteristics of an individual because of inter-
action of genotype and environment) can be iden-
tified [1,3,4] and these have variable responses to
currently available treatments [2,5]. Corticosteroids
are the mainstay of treatment but a significant
minority have ‘difficult asthma’, defined in the
British Asthma Guidelines as persistent symptoms
and/or frequent asthma attacks despite regular
inhaled or oral corticosteroid-based treatment [6].
Indeed 4–10% of the asthmatic population have
severe refractory asthma [7]. Novel therapies
predominantly targeting eosinophilic airway
inflammation in asthma are increasingly being
translated to clinical practice. Identification of
© 2016 Wolters Kluwer 
specific biomarker-based asthmatic subtypes will
allow delivery of effective targeted standard or novel
therapies that are tailored to the individual.

Biomarkers (physical signs or laboratory
measurements serving as indicator of underlying
pathophysiology [8]) may be used for diagnosis,
monitoring, prediction of future risk, and selection
of effective treatments. The optimal biomarker will
be sensitive and specific, reliable and reproducible,
practical, simple to perform, and low in cost.

Biomarkers suggested to have utility in the man-
agement of asthma include sputum eosinophils,
fraction of exhaled nitric oxide (FENO) and, most
Health, Inc. All rights reserved.
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KEY POINTS

� A significant proportion of patients with asthma have
difficult to control disease.

� Biomarkers will allow individualization of asthma
treatment strategies, including directing use of steroids
and biological therapies to those who are likely to gain
benefit and prevent nonbeneficial use.

� Evidence supports the use of sputum eosinophils, blood
eosinophils, FENO and, most recently, periostin as
biomarkers of Th2 cell high eosinophilic airway
inflammation and in directing steroidal and biological
therapies.

� Transcriptomics of asthmatics, both in the airways and
blood, is an evolving area of research that may prove
useful in phenotyping patients, predicting treatment
response, and in elucidating novel mechanisms
of disease.

� Combining biomarkers may improve prediction of
treatment responsiveness, for example, recent data
suggested a role for combination of FENO and urinary
bromotyrosine in prediction of steroid responsiveness.
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recently, periostin; all biomarkers of Th2 cell high
eosinophilic airway inflammation that is considered
more steroid-responsive [9,10]. This review will pro-
vide an update on research published in 2014/2015
in the field of asthma biomarkers with focus on
biomarker utility for prediction of response to
steroidal and new nonsteroidal therapies.
ASTHMA BIOMARKERS: RECENT
DEVELOPMENTS

Surrogate markers of sputum eosinophilia

Sputum eosinophil count is a useful biomarker in
asthma for prediction of steroid responsiveness
[5,11] and loss of control after discontinuation of
inhaled corticosteroid (ICS) [12], as well as adjusting
steroid dose to reduce exacerbations [13,14]. How-
ever, sputum induction is demanding on patients,
obtained specimens are variable quality, and sub-
sequent processing and analysis require technical
expertise that is not widely available. For these
reasons, surrogate biomarkers are required.

Peripheral eosinophil count is cheaper and more
readily available in the clinical setting. In one study
[15], a blood eosinophil count at least 150 cells/ml
predicted sputum eosinophils at least 2% in nine out
of 10 cases with sensitivity 85% and specificity 75%.
In another study [16], a blood eosinophil cut-point
of at least 0.45�109 cells/l had high specificity
(97.0%) and positive predictive value (89.2%) for
 Copyright © 2016 Wolters Kluwe
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a sputum eosinophil count at least 2%. The ELEN
index, based on eosinophil/lymphocyte and eosino-
phil/neutrophil ratios, is also proposed for sputum
eosinophilia prediction and has recently been dem-
onstrated to have higher predictive accuracy
(79.2%) than blood eosinophils alone for sputum
eosinophils at least 2% (sensitivity 65.6% and speci-
ficity 88.2%) [17].

Blood eosinophils are also associated with
asthma outcomes. In a study [18] of 2392 asthmatic
adults, blood eosinophils at least 400/mm3

was associated with increased risk of both exacer-
bations and high reliever use over the following
year. In a large primary care cohort study [19] of
130 248 asthmatic individuals, those with periph-
eral eosinophil count above 400 cells/ml had more
severe exacerbations and acute respiratory events
within a year of follow-up than those with count
400 cells/ml or less, and were less likely to achieve
asthma control.

Blood eosinophils, FENO, and serum periostin
(all Th2-high asthma biomarkers) have been com-
pared for prediction of sputum eosinophilia (�3%)
[20

&&

]. Sputum eosinophils were correlated with
blood eosinophils and FENO, but not with serum
periostin. Furthermore, blood eosinophils and
FENO, but not serum periostin, were able to dis-
criminate eosinophilic and noneosinophilic inflam-
mation. Blood eosinophil cut-point of at least
0.27�109/l produced sensitivity 78% and speci-
ficity 91%, whereas FENO cut-point of at least
42 ppb gave sensitivity 63% and specificity 92%.
Combining biomarkers did not improve diagnostic
accuracy. The lack of concordance of periostin with
other Th2-high biomarkers is unexpected and
suggests that periostin is less tightly associated with
eosinophilic airway inflammation than previously
thought; this requires clarification in further
studies.

Other biomarkers with diagnostic value for
sputum eosinophilia prediction include the type 2
innate lymphoid cell count (better than FENO, and
comparable with blood eosinophil count in one
study [21]) and nasal and pharyngeal eosinophil
peroxidase [22]. Interestingly, noninvasive methods
for detection of airway eosinophilia are also being
developed. In a murine model, noninvasive near-
infrared fluorescence imaging, which detected a
lectin on eosinophils (Siglec-F) identified eosino-
philic airway inflammation [23]. Similarly, in
humans the injection of autologous technetium-
99m-labelled eosinophils with single photon emis-
sion computed tomography has been used to local-
ize eosinophilic lung inflammation [24].

Thus, despite several proposed alternatives, per-
ipheral eosinophil count perhaps shows most
r Health, Inc. All rights reserved.
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Table 1. Recent results for biomarkers and outcome measures in asthma

Biomarker First author Study population Study design Duration Outcome

Blood eosinophils
�400/mm3

Zeiger [18] 2392 adults with
asthma

Cohort 1 year Adjusted rate ratios (95% CI):
exacerbations: 1.31 (1.07–1.60),
P¼0.009, �7 SABA dispensed:
1.17 (1.03–1.33), P¼0.015

Blood eosinophils
>400/ml

Price [19] 130248 primary
care patients
aged �12 years
with asthma

Cohort 1 year Adjusted rate ratios (95% CI): severe
exacerbations: 1.42 (1.36–1.47);
acute respiratory events: 1.28
(1.24–1.33); odds ratio for
achieving asthma control: 0.74
(95% CI 0.72–0.77)

FENO<20 ppb Peirsman [25&] 99 children with
allergic asthma

Multicentre, single-
blind, RCT, symptom
versus FENO-based
treatment

1 year No difference in symptom free days.
Significant reductions in asthma
exacerbations and unscheduled
asthma-related contacts, but
increased LRA and ICS use in the
FENO-guided group

FENO<10–20 ppb
depending on
atopy status

Petsky [26&] 55 children with
asthma from
secondary care

Dual-centre, single-
blind, RCT, symptoms
versus FENO-based
treatment

1 year Significant reduction in those with �1
exacerbations (6/27 in FENO-
based versus 15/28 in the
standard care group; P¼0.021);
increased ICS use seen in FENO-
guided group

FENO<25 ppb Honkoop [27&&] 611 adults with
asthma in primary
care

Unblinded, three-arm
RCT, symptoms
controlled [partly
(PCa) or fully (Ca)]
versus symptoms fully
controlledþ FENO
(FCa)

1 year Reduced medication costs for PCa
and FCa; FCa had highest
probability of cost-effectiveness; no
differences in severe exacerbation
rate

FENO Wilson [28] 191 adults with
asthma from
primary care

Cohort 3 months No difference in baseline FENO or
change in FENO between those
successfully reducing ICS dose and
those with loss of control/
exacerbation

FENO<25 ppb Bergen [29] 175 children with
atopic asthma

Randomized, parallel,
treatment adjustment
based on FENOþ
ACT versus standard
careþACT

1 year No difference in symptoms free days

ACT, asthma control test; Ca, controlled; CI, confidence interval; FCa, fully controlled; FENO, fraction of exhaled nitric oxide; ICS, inhaled corticosteroid; LRA,
leukotriene receptor antagonist; PCa, partly controlled; RCT, randomized controlled trial; SABA, short acting beta2 agonist

Outcome measures
promise to date as a surrogate of sputum eosino-
philia with proven utility in the prediction of out-
comes (Table 1). Furthermore, this biomarker has
the additional advantages of being cheap, widely
available, and easy to obtain.
Fraction of exhaled nitric oxide and
outcomes in asthma

Previous guidelines for the use of FENO in asthma
management have been conflicting. The 2011 ATS
Clinical Practice Guideline recommended FENO for
diagnosis of eosinophilic airway inflammation, pre-
dicting steroid responsiveness and monitoring air-
way inflammation in asthma [30]. However, the
 Copyright © 2016 Wolters Kluwer 
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2014 European Respiratory Society (ERS)/ATS severe
asthma guideline recommended that clinicians do
not use FENO to guide therapy in severe disease.
Similarly, the 2014/2015 Global Initiative for
Asthma (GINA) guidelines stated that FENO cannot
be recommended at present for deciding whether to
treat patients with possible asthma with ICS and
that FENO-guided treatment is not recommended
for the general asthma population [1]. However,
emerging data support a role for FENO in asthma
management (Table 1).

Two recent studies showed significant
reductions in exacerbations using a FENO-based
treatment algorithm. In one study [25

&

], children
with allergic asthma were randomized to FENO-
Health, Inc. All rights reserved.
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based or symptoms-based treatment. Over the fol-
lowing year, 23.9% in the FENO group and 47.8% in
the symptom group experienced at least one exacer-
bation (P¼0.017). However, this was at the cost of
significant increases in ICS dose and leukotriene
receptor antagonist (LRA) use in the FENO group.
Atopy increases FENO [31], and in another study
[26

&

], childrenwith asthma were randomized to treat-
ment based on FENO, adjusted for atopy, versus
symptoms-based treatment. Significantly, fewer chil-
dren in the FENO group had at least one exacerbation
over the following year and the number needed to
treat to prevent one child from having an exacer-
bation was four (95% confidence interval 3, 24).

An unblinded randomized trial has compared
two symptom-based strategies aiming for partially
(Asthma Control Questionnaire, ACQ<1.5) and
fully (ACQ<0.75) controlled asthma, and a third
symptom and FENO-based strategy aiming for fully
controlled (FCa) (ACQ<0.75 and FENO<25 ppb)
asthma, in 611 asthmatic adults taking ICS over a
year [27

&&

]. The symptom/FENO-based strategy led
to asthma control that was significantly better than
that for the symptom-based strategy aiming for
partial control, and not significantly different from
that achieved with the symptom-based strategy aim-
ing for fully controlled asthma. Medication costs
were significantly lower if aiming for symptom-
based partially controlled or symptom/FENO-based
fully controlled asthma than when aiming for symp-
tom-based fully controlled asthma. There were no
significant differences between strategies in out-
comes such as asthma-related quality of life and
severe exacerbation rate.

In contrast to the above studies supporting
FENO use, a recent study [28] of adults with well
controlled asthma within primary care showed no
difference in baseline FENO or in change in FENO
between participants successfully reducing ICS dose
and those with loss of control or exacerbation over a
3-month period after a 50% reduction in ICS; there-
fore, FENO was not predictive of loss of control or
exacerbation on ICS reduction. In another study
[29] of children with atopic asthma followed over
a year, the proportion of symptoms free days was
similar whether treatment adjustments were based
on FENO monitoring and asthma control test (ACT)
or just standard care (ACT alone).

Although not fully condordant, these studies do
suggest that FENO-based algorithms may have util-
ity for the adjustment of asthma treatment over
time with the potential benefits of reducing exacer-
bations at the expense of increased treatment bur-
den, or reducing medication costs while sustaining
asthma control. The recent National Institute for
Health and Care Excellence (NICE) guideline states
 Copyright © 2016 Wolters Kluwe
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that the use of FENO in the management of adults
with asthma is likely to be cost-effective [32].
Periostin update

Periostin, an extracellular matrix protein induced by
IL-4 and IL-13 in airway epithelial cells and lung
fibroblasts, has a role in subepithelial fibrosis and
accelerating eosinophil tissue infiltration [33].
Serum periostin is proposed as a biomarker of
Th2-high asthma. Elevated levels correlate with
airway eosinophilia [34] and decline in forced expir-
atory volume in 1 s [35], and predict response to ICS
[36], Th2-targeted monoclonal antibodies, anti-IL-
13 (lebrikizumab) [37], and anti-IgE (omalizumab)
[38]. Periostin is easily measurable in the systemic
circulation, but lacks specificity for asthma, being
elevated in several non-Th2-related disease states
and produced by other tissue types in addition to
airway epithelium [33,39].

Twenty to thirty percent of adult asthmatics are
cigarette smokers and as a consequence have poorer
disease control, corticosteroid insensitivity, and
noneosinophilic/Th2-low airways inflammation
compared with never smokers with asthma [40]. A
recent study [41] compared serum periostin levels in
smokers and never smokers with asthma and in
healthy controls. A notable finding was that,
although smokers with asthma had significantly
lower serum periostin levels than asthmatic never
smokers, approximately 40% of smokers with
asthma had serum periostin levels above the group
median suggesting that subtyping of periostin high
smokers with asthma may guide targeted anti-Th2
interventions in this difficult patient group.

Elevated serum periostin has previously been
shown to correlate with accelerated lung function
decline in asthma [35]. This is further supported by a
recent bronchial biopsy study [42] in asthmatics
that demonstrated both periostin and osteopontin
(another extracellular matrix protein) to be associ-
ated with long-standing decline in pulmonary func-
tion. In addition, in steroid-naı̈ve asthmatics, ICS
led to decreased serum periostin, improved airflow
limitation, decreased sputum eosinophils, and
reduced airway wall thickness [36]. Thus, collec-
tively, these results strengthen the case for serum
periostin as a biomarker for targeting not only eosi-
nophilic inflammation but also the development of
airway remodelling in asthma.

Sputum periostin measurement may represent a
more organ-targeted asthma-specific biomarker
than serum periostin, and one study [43] has con-
firmed an association between sputum periostin
levels and eosinophilic inflammation and airflow
obstruction. Finally, combining serum periostin
r Health, Inc. All rights reserved.
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Outcome measures
with additional biomarkers may help in targeting
treatment. Patients with elevated FENO and high
periostin were found to have accelerated decline in
lung function and increased risk of asthma exacer-
bation despite use of high-dose ICS, compared with
FENO-high, periostin-low patients [44].
Transcriptomic endotypes of asthma

Asthma biomarker research has to date focused pre-
dominantly on end products of inflammatory path-
ophysiological pathways; however, transcriptomics
provides the opportunity to discriminate asthma
subtypes at the level of gene expression. A series
of recent publications have begun to dissect the
gene transcription profile in the airways and blood
of asthmatics linking these to clinical and inflam-
matory phenotypes [45

&

,46,47
&

,48
&

].
Measurement of expression of three genes

(IL-4, IL-5, and IL-13) within sputum was utilized
to classify asthmatics into Th2-low and Th2-high
subgroups; the Th2-high group had more severe
disease and increased blood and sputum eosino-
philia [46]. Analysis of sputum from adult patients
has also identified a pattern of expression of six
genes that accurately identifies eosinophilic asthma
and predicts response to ICS, expression being atte-
nuated with treatment [47

&

].
In another study [45

&

], analysis of the sputum
transcriptome identified distinct clusters (‘transcrip-
tomic endotypes of asthma’) that correlated with
clinical and pathophysiological markers of severe
and milder asthma phenotypes. These differential
patterns of gene expression could also be identified
in the peripheral blood of both adults and children,
suggesting that there are common and stable
systemic changes in gene expression in patients
with different asthma subtypes. Within the tran-
scriptomic endotypes of asthma with severe disease
and previous near-fatal asthma, differential tran-
scription of genes involved in neuronal function,
histamine synthesis, and epithelial cell differen-
tiation was evident [45

&

]. Thus, transcriptomics
may facilitate identification of novel molecular
mechanisms amenable to therapeutic targeting.

As previously discussed, sputum-based bio-
markers may be less practical in the clinical setting.
A study [48

&

] utilizing nasal airway brushings in
the paediatric asthmatic population has demon-
strated that nasal airway gene expression closely
mirrors that of bronchial and small airways, includ-
ing the ability to identify Th2-high and Th2-low
subgroups. Future considerations for use of trans-
criptomics in asthma will include the longitudinal
stability of gene expression profiles, influence of
intercurrent illness/exacerbations, and relationship
 Copyright © 2016 Wolters Kluwer 
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to pathological mechanisms. Transcriptomics may
further our understanding of Th2-low disease, and
may have utility in predicting response to biological
therapies.
Biomarkers for prediction of steroid
responsiveness

Corticosteroids remain the mainstay of asthma
treatment but response is variable and a proportion
of asthmatics are steroid-resistant. Furthermore, in
patients taking steroids, not all symptoms are
steroid-responsive; dose escalation may increase
side-effects while doing little to ameliorate symp-
toms. Biomarkers of steroid responsiveness would
allow appropriate initiation or escalation of steroid
treatment, while avoiding or minimizing unhelpful
use. As discussed earlier, sputum eosinophil count
has proven utility in predicting steroid response and
tailoring long-term steroid treatment but is imprac-
tical in the clinical setting and other biomarkers
are needed.

One study [49
&

] evaluated sputum eosinophils,
FENO, and urinary bromotyrosine (a marker of eosi-
nophil activation) for prediction of steroid respon-
siveness. Receiver-operating characteristic curve
analyses area under the curves for prediction of
improvement of at least two of the three possible
clinical outcomes for sputum eosinophils, FENO,
and urinary bromotyrosine were 0.848, 0.754, and
0.691, respectively. The combination of high FENO
(�35 ppb) and urinary bromotyrosine (�0.45 ng/mg
of creatinine) was associated with a 13-fold increase
in the likelihood of a positive response in two
clinical outcomes to steroid, suggesting that these
two biomarkers have utility in prediction of steroid
response while avoiding the need for sputum
analysis.

The Medical Research Council UK Refractory
Asthma Stratification Programme includes a
randomized, multicentre, parallel group study [50]
that is underway to evaluate the utility of a compo-
site biomarker scoring system based on FENO, blood
eosinophils, and serum periostin for the optimiz-
ation of corticosteroid treatment in severe asth-
matics with low baseline FENO. The results of this
study are eagerly awaited.
Biomarkers and biological therapies

Using biomarkers to define specific asthma subtypes
that are likely to gain benefit from treatment is key
to the success of novel biological agents [37,38,51].

Recent studies [52,53
&&

,54
&&

,55] have examined
the potential of IL-5 blockade, via anti-IL-5/anti-IL-
5-receptor monoclonal antibodies, in asthma. IL-5
Health, Inc. All rights reserved.
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Table 2. Future directions in asthma biomarker research

Proposed questions for future research

Is a blood eosinophil-based strategy for steroid dose adjustment
superior to a standard symptom-based algorithm in long-term
management of asthma, and if so, is it comparable with, or
better than, a FENO-based algorithm?

What is the role of composite biomarker-based algorithms for
adjustment of steroid therapy?

What are the biomarkers of T2-low asthma and can they be used
to identify targets for novel treatments in this subtype?

Do transcriptomics have utility in the delivery of individualized
asthma therapy?

FENO, fraction of exhaled nitric oxide.

Biomarkers and asthma management Bayes and Cowan
promotes eosinophil recruitment, persistence, and
activation [56], thus studies targeted eosinophilic
asthma using blood eosinophil level for selection.
Two phase III randomized controlled trials (RCTs)
evaluated mepolizumab (anti-IL-5 monoclonal anti-
body) in patients with severe asthma, frequent
exacerbations, and elevated blood eosinophils
[53

&&

,54
&&

]. Mepolizumab resulted in significant
reduction in oral glucocorticosteroid use, reduced
exacerbations, and improved symptom control.
Two additional RCTs, reported together, examined
the role of reslizumab (anti-IL-5 monoclonal anti-
body) in inadequately controlled asthmatics using
medium-to-high doses of ICS-based therapy with
elevated blood eosinophils [55]. Both trials demon-
strated significant reductions in exacerbation fre-
quency in the active treatment group. Thus,
peripheral blood eosinophil count allows effective
selection of an anti-IL-5 treatment-responsive
patient group.

IL-13, a T2 cytokine, has been linked to airway
hyperresponsiveness, mucus hypersecretion, airway
remodelling, and corticosteroid resistance [57]. Pre-
viously, blockade of IL-13 in moderate-to-severe
asthma demonstrated benefit, particularly in
patients with evidence of IL-13 pathway activation
(either elevated sputum IL-13 [58] or serum perios-
tin levels [37]). Two additional studies have further
evaluated treatment effect in patients with uncon-
trolled severe asthma receiving high-dose ICS
[59,60]. The smaller trial of an anti-IL-13 com-
pound, GSK679586, demonstrated no clinical
benefit over 12 weeks overall or in the subgroup
with elevated serum IgE or blood eosinophil levels
[59]. However, neither serum periostin [37] nor
sputum IL-13 [58] levels were measured or used to
select study patients. Tralokinumab, an anti-IL-13
monoclonal antibody, also failed to significantly
reduce exacerbations in a 52-week trial [60]. A post
hoc subgroup analysis suggested a possible, but not
statistically significant, treatment effect in sub-
groups with elevated serum dipeptidyl peptidase-
4, a factor induced by IL-13 in airway epithelial cells,
or serum periostin levels. These recent studies may
suggest that IL-13 blockade is less effective in severe
disease or that alternative biomarker(s) are required
to identify potentially anti-IL-13 responsive patients
in the more severe asthma population.
CONCLUSION

It is clear that future management strategies for
asthma will be targeted toward specific patient
subgroups using specific biomarker(s). The year
2014/2015 has seen exciting developments in this
field for Th2-high asthma, including a greater
 Copyright © 2016 Wolters Kluwe
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understanding of the roles of blood eosinophils,
periostin and FENO as biomarkers, targeting of bio-
logical therapies, and the evolving role of transcrip-
tomics in asthma phenotyping. Developing
biomarker-directed treatments for Th2-low disease
remains a challenge for future research (Table 2).
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