FeNO as biomarker for asthma phenotyping

and management
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ABSTRACT

The current review aims to revisit literature on exhaled nitric oxide (FeNO) in asthma phenotyping and management to
clarify the utility of this test in clinical practice. It is increasingly evident that multiple profiles characterize asthma as a
complex disease for which is necessary to find tools able to discriminate among these phenotypes to achieve the best therapeutic
strategy for all asthmatic patients. Current findings indicate that FeNO, a noninvasive and easy-to-obtain biomarker, can be
considered a useful tool in predicting asthma developing and exacerbation, in identifying specific asthma phenotypes, in
improving asthma diagnosis and management in a selected population, and in monitoring efficacy of standard corticosteroid
and biologic therapy. Based on this evidence, FeNO might become an appropriate tool for physicians to better define specific

asthma phenotypes and to better deal with asthma worsening.

(Allergy Asthma Proc 36:e1-e8, 2015; doi: 10.2500/aap.2015.36.3805)

Exhaled nitric oxide (FeNO) has ever been consid-

ered an airway eosinophilic inflammatory marker
mainly related to allergic inflammation, but recent lit-
erature focused on its complementary role for differ-
entiating asthma phenotypes. This review will discuss
the most important issues where FeNO measurement
may be clinically relevant.

FeNO AND CHILDHOOD ASTHMA
PHENOTYPES

Three phenotypes of wheezing can be assigned to
children: 1) the transient early wheezing, characterized
by at least one lower respiratory tract illness with wheezing
during the first three years of life but no wheezing at
six years of age; 2) the nonatopic wheezing, character-
ized by respiratory tract infection and wheezing dur-
ing the first three years of life and with wheezing at six
years of age; 3) the atopic persistent wheezing, charac-
terized by wheezing in more than half of all cases
before age three and associated with atopy and wheez-
ing at 6 years."” Recent studies highlighted a predic-
tive role for FeNO in children developing asthma (Fig.
1). In infants with recurrent respiratory symptoms,
high FeNO was associated with maternal asthma his-
tory and augmented bronchial hyperreactivity (BHR),
suggesting that FeNO may have implications in clinical
practice for these infants.” In a perspective study with
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preschool children, FeNO was increased in those chil-
dren with later asthma (at school age) compared with
children not developing asthma, indicating that ele-
vated FeNO in infancy is associated with increased risk
for school-age asthma.* In asthma-free children,
Bastain et al. showed that the risk of new-onset asthma
in the highest FeNO quartile was more than two-fold
compared with the lowest quartile, reinforcing the con-
cept of FeNO as a strong risk factor of new-onset
asthma.” In atopic adolescent asthmatics in clinical re-
mission, elevated eosinophilic bronchial counts posi-
tively correlated with FeNO, suggesting that it is able
to reveal subclinical airway inflammation, which may
determine the risk of an asthma relapse later.® Wheez-
ing phenotypes are matter of discussion concerning
childhood asthma, and two recent studies explored the
role of FeNO in identifying specific phenotypes related
to high FeNO. In a longitudinal latent class analysis
study, five wheezing phenotypes were identified by
different onset age in relation to FeNO, measured at
four and eight years: FeNO at four years was higher in
intermediate onset and persistent wheeze in compari-
son with never and transient wheeze, and FeNO at
eight years was higher in persistent phenotypes of
wheeze (including intermediate onset, persistent, and
late onset wheeze) compared with never and transient
wheeze but only among children with allergic sensiti-
zation at eight years, suggesting that the pathophysi-
ology of wheeze phenotypes differs between atopic
and nonatopic children.” In another study in preschool
children, FeNO was higher in persistent wheezers (par-
ticularly late onset wheezers) than transient wheezers
and nonwheezers, and among persistent and late-onset
wheezers, FeNO was higher in those with atopy and
BHR compared with nonatopic and non-BHR, indicat-
ing that FeNO is a more appropriate marker of wheez-
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Figure 1. FeNO levels in different
asthma phenotypes. 1 = FeNO more
than 26 ppb; | = FeNO less than 15

Neonatal respiratory disorders with asthma ppb.

ing phenotypes in preschool children than spirometry.®
Another factor affecting FeNO in allergic asthma is
related to the lung development: a lower FeNO was
present in atopic asthmatic children who had neonatal
respiratory distress syndrome (Fig. 1) potentially asso-
ciated with factors responsible for down-regulation of
NOS activity.” This hypothesis is in agreement with
Baraldi’s study who demonstrated a lower FeNO in
children with bronchopulmonary dysplasia than in
control subjects.”’

FeNO AND ADULT ASTHMA PHENOTYPES

Multiple different approaches have been used to
identify adult asthma phenotypes, including clinical
characteristics (e.g., age at onset), factors that trigger
asthma (e.g., aspirin), and pathophysiological character-
istics (e.g., eosinophilic inflammation)."" Five distinct clus-
ters of asthma phenotypes were recently identified: the
early-onset mild atopic asthma, the early-onset mild to
moderate atopic asthma, the late-onset nonatopic
asthma, the severe atopic asthma, and the severe
asthma with fixed airflow."

Other cluster analyses identified different pheno-
types with high FeNO (including the early onset atopic
and the inflammation predominant) and with low
FeNO (such as obese nonallergic and adult-onset
asthma) (Fig. 1)."> In late-onset asthmatics, obesity is
associated with a decreased L-arginine/asymmetric di-
methylarginine ratio, explaining why FeNO is nega-
tively related to body mass index in obese late-onset
asthmatics with lowered L-arginine/asymmetric dim-
ethylarginine ratio. These subjects showed increased

e2

respiratory symptoms, less allergic inflammation, re-
duced asthma quality of life, and lower lung volume,
suggesting that obesity is a factor of asthma worsening
related to low FeNO.'*'?

A direct association of FeNO with asthma severity
was never confirmed,'® but in severe refractory asth-
matics, FeNO was higher in subjects with eosinophil
phenotype (Fig. 1) compared with subjects with nega-
tive eosinophil phenotype.'” Lower FeNO in severe
than in mild asthmatics was associated with neutro-
philic inflammation (Fig. 1), suggesting that neutro-
philic-dependent oxidative stress in severe asthma is
able to convert NO in nitrative radicals.'®"

A complex relationship between arachidonic acid
metabolites and NO synthesis was described in
asthma. After lysine-aspirin (L-ASA) inhalation, FeNO
increased significantly only in aspirin-inducible asth-
matics, whereas no change was observed in aspirin-
tolerant asthmatics and controls. Sputum eosinophils
significantly enhanced after L-ASA inhalation only in
aspirin-inducible asthmatics, and a significant correla-
tion between the increase of both sputum eosinophils
and FeNO was shown after ASA challenge. Thus,
FeNO can be used as indicator of eosinophilic airway
inflammation during ASA exposure in ASA-inducible
asthma (Fig. 1).%°

In a distinct phenotype of severe adult-onset asthma
(mostly nonatopic, 66%), high FeNO and sputum eo-
sinophils are factors potentially associated with asthma
severity, suggesting that adult-onset severe asthma is a
phenotype characterized mainly by a nonatopic status
and a persistent eosinophilic airway inflammation re-
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lated to FeNO (Fig. 1).*' Severe asthma was also asso-
ciated with the highest levels of inducible nitric oxide
synthase (iNOS) expression and the index of iNOS
mRNA to arginase2 mRNA in epithelial cells (by bron-
chial brushing) compared with mild-moderate asth-
matics and control group.*” In addition, iNOS mRNA /
protein expression in bronchial epithelial cells strongly
predicted FeNO values, in particular in severe asth-
matics.

In the severe asthma research study, asthmatics with
high FeNO had more airway reactivity, sputum eosin-
ophils, atopy, and hyperinflation but reduced percep-
tion of their symptoms.'® Among severe asthmatics,
high FeNO identified those patients with the strongest
airflow obstruction and hyperinflation, frequently
needing emergency care. These data suggest that
FeNO provides an autonomous classification of asthma
severity and in severe asthmatics recognizes the wor-
risome asthma phenotype.

FeNO is mainly produced in the conducting airways,
although a small quantity comes directly from the al-
veoli.*® FeNO at 50 mL/s predominantly reflects large
airway NO flux, but the single constant expiratory flow
rate is not able to discriminate the individual contribu-
tions of large airways NO flux versus small airway/
alveolar production sites. To interpret the different
components that intervene in exhaled NO generation, a
lung two compartments (alveolar and bronchial)
model was proposed.** Using this model, central air-
way NO flux and small airway/alveolar NO concen-
tration can be estimated by measuring exhaled NO at
multiple expiratory flow rates and plotting NO output
versus expiratory flow rates. The slope of the linear
regression line between NO output versus varying ex-
piratory flow reflects small airway/alveolar NO con-
centration, whereas the y intercept reflects large airway
NO flux.* Airway wall concentration of NO and max-
imum flux of NO in the airways reflect the tissue
production rate of NO, and they can be modified by
corticosteroids. The airway wall diffusing capacity of
NO depends on diverse physical and anatomic deter-
minants of the airways and can be modified by struc-
tural and physiologic changes, which are characteris-
tics of airway remodeling.” The alveolar concentration
of NO (CalvNO) represents the degree of small airway
inflammation, and the persistence of high CalvNO in
patients treated with inhaled corticosteroids (ICSs)
could reflect the incapacity of these drugs to reach
distal airways.” In a recent study, CalvNO, corrected
for NO axial back-diffusion from proximal to periph-
eral airway/alveoli,” was negatively correlated with
forced expiratory flow,s ;5 in patients with stable
asthma, suggesting that CalvNO, in respect to FeNO, is
a more specific marker of peripheral airway obstruc-
tion along with peripheral airways/alveolar inflamma-
tion in stable asthma.*® In mild untreated asthmatics,
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the alveolar component of FeNO is associated with the
lack of asthma control, determined by the Asthma
Control Test, supporting the notion that abnormalities
of peripheral airways are involved in the mildest forms
of asthma.””

FeNO AND ASTHMA DIAGNOSIS

Asthma is a clinical diagnosis, and there is no single
diagnostic test for the disease because of its heteroge-
neity. Present ATS guidelines have underlined a po-
tential diagnostic role of FeNO in asthma with airway
eosinophilia because of the strong recommendations
and high degree of discriminatory power in this con-
test.*® The use of clinical cut-off points rather than
predictive equations when interpreting FeNO values is
supported by ATS guidelines.”®*’ Alternatively, the
normal range for a patient can be identified by reach-
ing the “personal best” FeNO level via a course of oral
corticosteroids.>

FeNO can be useful to distinguish asthma from other
disorders. FeNO measurement in patients with undi-
agnosed chronic respiratory symptoms showed a pre-
dictive power of asthma diagnosis higher than spirom-
etry.>® FeNO specificity and sensitivity for asthma
diagnosis, when associated with spirometry and BHR,
become 94% and 93%, respectively.’’ The predictive
values for FeNO (cut point >25 ppb) were sufficiently
robust for eosinophilic asthma diagnosis. In patients
presenting asthma-like symptoms, increased FeNO
provides helpful evidence for asthma diagnosis.>'*>
However, the limitation to FeNO diagnostic role in
asthma arises principally from airway inflammation
heterogeneity and lack of association with increased
FeNO in some phenotypes (e.g., neutrophilic airway
inflammation). The test may result falsely negative also
in patients who have already been treated with inhaled
or oral steroid. Thus, FeNO is very important to rec-
ognize steroid responsiveness in asthma. The recent
FeNO clinical practice guidelines indicate that the cut-
off of 26 ppb is the optimum cut point for significant
sputum eosinophilia.*®

In subjects without asthma diagnosis with a FeNO
more than 50 ppb (>35 ppb in children) significant
eosinophilic airway inflammation and responsive-
ness to ICSs are expected (Fig. 2). In subjects without
asthma diagnosis, FeNO less than 25 ppb (<20 ppb
in children) suggests that eosinophilic airway in-
flammation and ICS responsiveness are unlikely,
suggesting possible alternative diagnosis. On the
other hand, during monitoring of subjects with di-
agnosed asthma, the presence of symptoms with
FeNO more than 50 ppb in adults (>35 ppb in chil-
dren) may indicate: inadequate ICS doses, high al-
lergen exposure, or risk for exacerbation. In subjects
with diagnosed asthma, FeNO less than 25 ppb in
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Figure 2. Flow chart concerning the ap-
plication of FeNO measurement in the
diagnosis of asthma (such as at the first
visit) extrapolated from reference 28.

Figure 3. Flow chart concerning the
application of FeNO measurement
in the monitoring of patients with
asthma (such as at the follow-up vis-
its) extrapolated from reference 28.

adults (<20 ppb in children) may indicate no benefit
from increasing ICS (Fig. 3). In monitored subjects
with diagnosed asthma without symptoms, if FeNO
levels are more than 50 ppb in adults (>35 ppb in
children), ICS dose reduction may result in relapse,
whereas in patients with diagnosed asthma, the ab-
sence of symptoms with FeNO less than 25 ppb in
adults (<20 ppb in children) indicates that ICS dose
could be reduced or even withdrawn.

A general practice study evaluated patients with
lower airways complaints for a potential asthma diag-
nosis based on FeNO.?*> FeNO cut-off value of 46 ppb

ed

reached a sensitivity of 32%, a specificity of 93%, and a
positive predictive value of 80% to diagnose asthma.
Based on study data, asthma diagnosis could be ex-
cluded with FeNO values less than or equal to 12 ppb,
whereas a FeNO more than 46 ppb could be diagnostic
of asthma. Alternatively, the normal range for a single
patient is to reach the personal best FeNO level after a
course of oral corticosteroids.*” Finally, a recent report
showed that asthma could be determined at FeNO
more than 31 ppb (positive predictive value 82%) and
rejected at FeNO less than or equal to 12 ppb (negative
predictive value 81%) in pneumologists’ routine work-
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up.** FeNO accuracy increased when patients with
neutrophilic inflammation were omitted from analysis,
indicating that the diagnostic accuracy of FeNO was
pleasing in the whole study population and remark-
ably increased when inflammatory patterns were con-
sidered.

Moreover, an increased FeNO provides supportive
rather than conclusive evidence for asthma diagnosis
in patients presenting symptoms of shortness of
breath, cough, and/or wheeze. In conclusion, FeNO
per se has a good specificity but a relatively low sen-
sitivity for asthma diagnosing, limiting the use of ele-
vated FeNO as a diagnostic testing.

FeNO AND ASTHMA CONTROL

The Jones’s longitudinal study firstly showed FeNO
utility to predict and diagnose poorly controlled
asthma with respect to other common markers of air-
way inflammation and clinical parameters.”> FeNO
was able to forecast loss of control with a positive
predictive value between 80% and 90%. Globally, over
time changes in FeNO had higher positive predictive
value, sensitivity, and specificity both for predicting
and diagnosing loss of control than any single other
measurement. These data showed that absolute FeNO
value of more than or equal to 15 ppb or 60% over
baseline is a useful inception for ongoing airway in-
flammation detection and positively predicts break-
through symptoms arrival.

Several studies showed an increase of FeNO in
asthma, further heightening when asthma control de-
clines or when exacerbation occurs (Fig. 1).>® During
corticosteroid therapy, FeNO changes come before
symptoms, FEV; and sputum eosinophilia improve-
ment. Thus, FeNO can be considered a sensitive pre-
dictor of loss of asthma control.”” FeNO is the quickest
marker of response to corticosteroid therapy rapidly
decreasing (in terms of weeks) after treatment as com-
pared with other markers predicting response to ther-
apy.”® A recent study concluded that FeNO value more
than 300% of predicted identifies subjects at risk of
excessive use of rescue medication and needing oral
corticosteroids within one year.*

FeNO AND ASTHMA MANAGEMENT

A precise evaluation and monitoring of inflamma-
tion in asthma is clinically relevant to optimize the
management of such patients, because symptoms of
asthma, including wheeze and dyspnoea, are nonspe-
cific and may not necessarily reflect the intrinsic in-
flammatory process. FeNO predicts the probability of
CS responsiveness more consistently than spirometry,
bronchodilator response, or BHR.*® In stable asthmat-
ics, both FeNO and sputum eosinophilia predicted a
positive therapeutic response to oral prednisolone.*' A
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study on patients with suspected asthma showed that
a baseline FeNO of at least 47 was able to identify a
positive steroid response in terms of improved lung
function.* A study in nonallergic asthma reported a
FeNO cut-off of 33 ppb predicting a therapeutic re-
sponse to ICS.*

On the contrary, randomized trials, investigating
asthma control using regular FeNO measurements to
adjust ICS therapy, have failed to show important ben-
efits,**~*® but in one study a reduction of ICS, dose was
facilitated without compromising asthma control.*”
This study for the first time provided proof-of-concept
that FeNO could be used to guide asthma treatment.*”
A recent meta-analysis on the efficacy of adapting
asthma interventions based on FeNO showed that the
advantages of employing a FeNO strategy were not
statistically different for asthma exacerbations, but the
FeNO strategy allowed a reduction in the final daily
ICS dose in adults.*®

Children with difficult asthma poorly respond to ICS
therapy: these patients often have low FeNO levels. In
a study, difficult asthma children remained uncon-
trolled after dispensing maximum doses of inhaled
fluticasone for one month, followed by a course of oral
corticosteroid for an additional month.*® Baseline
FeNO was a relevant marker for predicting therapeutic
response: a FeNO value more than 30 ppb showed a
87% sensitivity and a 91% specificity for identification
of controlled patients. A multivariate analysis also
demonstrated that only FeNO (odds ratio 47.7) inde-
pendently correlated with the achievement of control.
A recent meta-analysis was carried out to estimate the
FeNO clinical value in pediatric asthma management,
and the results suggested that the use of FeNO to tailor
the dose of ICSs in children cannot be recommended
for routine clinical practice, because there is a danger of
excessive ICS doses in children without significant
changes in clinical outcomes.*” Another study in chil-
dren with moderate-severe asthma showed that ICS
dose was approximately the same between FeNO-
driven and standard asthma management group, thus
showing a good risk/benefit ratio.”*'

Moreover, FeNO-based asthma management strat-
egy significantly reduced exacerbation rate, indicating
that FeNO-guided asthma management is superior to
management by clinical parameters alone.”

A 12-month study in mild to moderate asthmatics
showed a reduction of ICS dose and a progressive
symptoms score improvement associated with FeNO
and sputum eosinophilia decrease, suggesting that
titrating antiinflammatory therapy in relation to both
FeNO and sputum eosinophils in adult stable asthmat-
ics generates a fine long-term clinical control.”

Powell et al. showed that FeNO can be used in tar-
geted rather than general asthmatic population: 203
pregnant asthmatic women, some of whom without

e5



receiving ICS at study entry, were monitored.” Pa-
tients with asthma symptoms and low FeNO (<16
ppb) received long acting bronchodilator agents and
the minimum dose ICS. Patients with symptoms and
high FeNO (>29 ppb) received higher doses of ICS by
step-wise titration. Exacerbations were significantly re-
duced from 0.62/pregnant patient to 0.29 in the FeNO
group. At term, the number of patients using ICS was
superior in FeNO group (77%) compared with control
group (46%), but the mean ICS dose was significantly
lower in FeNO group, suggesting that FeNO should be
selectively used in a specific targeted asthmatic popu-
lation.

Several studies in both adult and children with aller-
gic severe asthma and high FeNO showed the decrease
of FeNO after treatment with omalizumab, suggesting
a role for it as predictive marker of efficacy during
therapy with an anti-IgE antibody.>*~°

Calhoun et al. compared three different approaches:
physician-based, biomarker-based (using FeNO), and
symptoms-based management in adult mild to moder-
ate asthmatics® Among the three groups, no difference
was observed in time to treatment failure. This study
may have underpowered to identify a difference in a
population of well-controlled asthmatics, and the re-
sults in these patients may not predict treatment re-
sponse in partially /poor-controlled asthmatics.””

Finally, FeNO is not generally recommended for
asthma management, but a systematic assessment of
published randomized trials of asthma therapy led by
FeNO concluded that the composite results of these
studies (ASTRAL studies: ASthma Treatment ALgorithm)
were due to methodological issues that may have con-
ducted to incorrect conclusions.” Therefore, to poten-
tially achieve optimal asthma therapy by using FeNO,
new studies, following ASTRAL issues, should be spe-
cifically designed.

CONCLUSIONS

FeNO is an easy-to-obtain and noninvasive bio-
marker for defining and confirming airway allergic/
eosinophilic inflammation in patients with asthma. Re-
cent publications™® highlighted the advantages of
routinely FeNO use, when added to traditional assess-
ment tools, in terms of clinical (improved diagnostic
accuracy and better tailored therapeutic regimens) and
direct/indirect cost-saving implications. The main dis-
advantage of FeNO technology is expensiveness,
which makes it not widely available. Several nondis-
ease-related factors like rhinitis, obesity, and smoke
can affect FeNO and should be taken into account
when interpreting FeNO. Asthma is a multifaceted
disease with a plethora of phenotypes. Therefore, it is
not possible to advocate the use of a single biomarker
to monitor asthma and determine different responses

eb

to treatments. At present, FeNO is the best noninvasive
biomarker to inform us about corticosteroid-sensitive
airway inflammation, and it is clinically relevant in
different aspects of asthma, including risk of asthma
developing, identification of various severe asthma
phenotypes, prediction of biologic therapy efficacy,
support of asthma diagnosis, and amelioration of
asthma management in selected asthmatics. A limited
number of studies compared FeNO-based asthma
management algorithms with standard clinically based
algorithms in targeted populations. Therefore, formal
recommendation about the routine FeNO assessment
cannot be made. We sustain the idea that FeNO mea-
surement, in combination with clinical evaluation, lung
function test, and sputum analysis, may guide physi-
cians in the management of different asthma pheno-

types.
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