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What is the added value of FeNO
as T2 biomarker?

Maria Celeste Marcos™' and Carolina Cisneros Serrano'

Department of Pulmonology, University Hospital La Princesa, Madrid, Spain

There is increasing evidence about the role of nitric oxide in type 2 (T2)
immune response. Fraction of exhaled nitric oxide (FeNO) is a product of
airways inflammation and it is increased in patients with asthma. Since
Gustaffson published the first article about this biomarker in the 1990s,
interest has continued to grow. Compared with other T2 biomarkers such as
blood eosinophil count, induced sputum, or serum periostin, FeNO has
some remarkable advantages, including its not invasive nature, easy
repeatability, and possibility to be performed even in patients with severe
airway obstruction. It is considered as an indicator of T2 inflammation and,
by the same token, a useful predictor for inhaled steroid response. It is
difficult to determine the utility of nitric oxide (NO) for initial asthma
diagnosis. In such a heterogenous disease, a single parameter would
probably not be enough to provide a complete picture. There is also an
important variability among authors concerning FeNO cutoff values and the
percentage of sensibility and specificity for diagnosis. Its high specificity
indicates a potential role to “rule in” asthma; however, its lower sensibility
could suggest a lower capacity to “rule out” this pathology. For this reason, if
a diagnosis of asthma is being considered, FeNO should be considered
along with other tests. FeNO has also shown its utility to detect response to
steroids, adherence to treatment, and risk of exacerbation. Even though
there is not enough quality of evidence to establish overall conclusions,
FeNO could be an alternative procedure to diagnose or exclude asthma and
also a predictive tool in asthma treated with corticosteroids.
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asthma, biomarker, type 2 immune response, management, fraction of exhaled nitric
oxide (FeNO)

Introduction

Asthma is a chronic inflammatory disease, characterized by reversible airway
obstruction and bronchial hyperresponsiveness (1). However, in patients with mild
asthma, airway obstruction is usually not present, which leads to diagnostic
uncertainty. Thus, peak-flow measurement (low diagnostic value) or bronchial
provocation (time-consuming, not always available, risk of bronchospasm) has been
recommended for such situations (2). Therefore, in recent years, attention is more
focused on a promising and simple tool (3).

Based on the degree and type of airway inflammation, a broad-spectrum of
phenotypes has been identified (4), some of which have an eosinophilic inflammatory
profile, while others may have increased levels of neutrophils. This inflammation, which
is difficult to measure in clinical practice, is related to asthma symptoms and exacerbations.
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Endogenous nitric oxide is derived from the inducible type
of NO synthase (iNOS) present in airway cells including
macrophages, neutrophils, epithelial, endothelial, and vascular
smooth muscle cells. This enzyme utilizes L-arginine, a semi-
essential amino acid, and oxygen as substrates (5). It is
produced in response to airway inflammation, with iNOS
expression induced by proinflammatory cytokines including
tumor necrosis factor-o, interleukin-1b, and interleukin 4
(6, 7). Interleukin 13 (IL-13) may also upregulate the iNOS
gene and therefore protein expression in epithelial cells (8)

NO has several roles in the regulation of pulmonary
function. Thus, increased levels of FeNO in asthma are
regarded as indirect markers of airway hyper-responsiveness,
eosinophilic  inflammation, and also associated with
exacerbations and disease severity (9).

Measurement of FeNO concentration in exhaled air is a
safe, economical, easy, and non-invasive method. Since
Gustaffson (10) published the

biomarker, several techniques have been developed. The

first article about this

chemiluminescence method is the gold standard for exhaled
NO analysis (7). There is a highly standardized procedure for
the measurement of FeNO. The patient makes an inhalation
to total lung capacity and then exhales for 10 s at a specified
pressure. According to international guidelines, it has to be
done using a mean exhalation flow rate of 50 ml/s and
instantaneous flows of 55 ml/s. In healthy adults, FeNO <25
parts per billion (ppb) is considered the normal value (11).

FeNO as a biomarker of airway
inflammation

A biomarker is a defined characteristic of a normal or
pathogenic biologic process (12). It should be able to
distinguish between health and disease, future risk, and
response to treatment (13, 14).

Biomarkers such as FeNO, immunoglobulin E (IgE), or
blood eosinophil counts are important tools to classify asthma
patients into phenotypes. Correlation between biomarker
levels and disease severity is limited. However, biomarker-
based phenotyping (always associated with clinical evaluation)
is important for an adequate characterization of patients and
to define the best therapeutic strategy (14).

Although it generally correlates with eosinophilia, FeNO and
eosinophilia are related to different type 2 cytokine pathways.
Interleukin5 (IL-5) is involved in the activation, development,
and recruitment of eosinophils, while Interleukin 4 (IL-4) and
IL-13 are implied in IgE synthesis. They are distinct biomarkers
for type 2 inflammation. This is the reason why FeNO should
be considered a parallel marker of airway inflammation often,
but not always, associated with eosinophilia (6). FeNO
correlates with type 2 airways inflammation and has shown to
be reduced with inhaled corticosteroids (ICS). Conversely,
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peripheral blood eosinophils originate from systemic circulation
and its reduction is more significant with oral corticosteroid
treatment (15). Simultaneously, increased blood eosinophil
counts and FeNO could be associated with a higher prevalence
of uncontrolled asthma: in an observational real-world cross-
sectional study (16), patients with higher FeNO levels were
characterized by lower body mass index, younger age, higher
blood eosinophilia, atopy, higher airflow reversibility, more
severe airflow obstruction, as well as persistent rhinitis and
chronic rhinosinusitis with or without nasal polyps.

Diagnostic accuracy

The American Thoracic Society (ATS) (11) recommends
FeNO as part of the initial diagnosis of asthma. These
guidelines define high FeNO levels in adults as >50 ppb,
intermediate as 25-50 ppb, and low as <25 ppb. The current
National Institute for Health and Care Excellence (NICE)
guidelines (17) also propose the use of this tool for the initial
diagnosis when asthma is suspected, with a cutoff value >40 ppb
to support asthma diagnosis. GEMA (Guia Espafiola para el
Manejo del Asma) (4) suggests its utilization if the patient has
asthma symptoms, spirometry is within normal limits, and the
bronchodilator reversibility test is negative. Diagnosis is
confirmed if the patient shows an adequate response to
treatment. The BTS (British Thoracic Society) guidelines (18)
consider that a positive FeNO test increases the probability of
asthma, but a negative test does not exclude asthma. The global
strategy for asthma management and prevention (GINA)
guidelines (19) do not currently find a role for this biomarker in
diagnostic algorithms. Recently, the European Respiratory
Society (ERS) Guidelines for the Diagnosis of Asthma in Adults
(20) also recommended measuring FeNO in patients suspected
of asthma, when the diagnosis could not be established with
initial spirometry and bronchodilator reversibility testing. Louis
et al. propose a cutoff value of 40 ppb.

It is important to emphasize that regardless of FeNO level,
pretest probability of asthma will influence posterior clinical
decision-making. Likewise, in spite of pretest probability, a
single FeNO measurement should not be interpreted alone (6, 15).

Utility of FeNO for asthma diagnosis is a controversial topic
because of the disparity of the results in the accumulating
evidence (21). There is an absence of evidence-based, patient-
adjusted cutoffs, being one of the pending issues with FeNO
measurement (6). Table 1 summarizes the diagnostic accuracy
and cutoff values of FeNO.

Predictive factor for exacerbations

Increased levels of FeNO are associated with a higher
number of exacerbations. FeNO-guided management showed
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TABLE 1 Diagnostic accuracy of FeNO in 5 meta-analysis with QUADAS-2 (22) quality assessment.

First author and Number of Sensitivity (%)

Specificity (%)

Cutoff values

year studies analyzed

Li 2015 (23) 21 78%

Guo 2016 (3) 25 72%

Harnan 2017 (24) 27 No sensitivity analyses
were conducted

Schneider 2017 (1) 26 65%

Karrasch 2017 (2) 26 65%

a significant reduction in exacerbations of any severity (25, 26).
In a real-life study (27), FeNO demonstrated a stronger
correlation with asthma exacerbations than peripheral blood
eosinophils or periostin with no definite added benefit from a
composite score of the three biomarkers. In a study by Busse
and colleagues (28), 620 patients with uncontrolled, moderate-
to-severe asthma were analyzed. Patients with baseline FeNO
of 50 ppb or higher had a 1,54 times higher exacerbation rate
than patients with FeNO of less than 25 ppb. Patients with
baseline FeNO of 25 to <50 ppb had a 1.33 times higher
exacerbation rate than patients with FeNO of less than
25 ppb. Furthermore, when combined with blood eosinophil
count, the risk of exacerbation was higher in those with FeNO
of 50 ppb or higher and blood eosinophil count of 150 cells
per pul or higher (29). In asthmatics treated with inhaled
corticosteroids, a low FeNO level could predict a low risk of
exacerbation (30). McDowell (31) studied 145 patients with
severe eosinophilic asthma in a multicenter observational
cohort study. The participants were treated with mepolizumab
and exacerbations were assessed. In the group with high
sputum eosinophil count, exacerbations were FeNO high
(>50 ppb) and with higher blood eosinophils count. On the
other hand, the group with low sputum eosinophil count had
higher FeNO
(<20 ppb), and higher sputum neutrophils. FeNO was the

C-reactive protein concentrations, lower
most convenient discriminator of inflammatory phenotype at
exacerbation.

The asthma guidelines of the Expert Panel Working Group
of National Heart, Lung and Blood Institute (NHLBI) do not
recommend the use of FeNO in isolation to predict or assess
exacerbation frequency (32). This recommendation was likely
directed at patients with mild-moderate asthma, in whom
FeNO levels were not able to identify those at risk of severe
exacerbations (29). Likewise, Pavord (33) studied the effects of
as-needed budesonide-formoterol on exacerbations in patients
with mild asthma and showed no evidence that FeNO was a

prognostic biomarker for exacerbations
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74%

78%

82%

82%
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Cutoff values differed significantly (interstudy variation). Interstudy
variation in asthma diagnosis standard

Further studies are needed to verify optimal cutoffs for FeNO as a
diagnostic aid in asthma

While optimal cutoff values failed to produce impressive accuracy, very
high sensitivities and specificities were reported at low and high cutoffs,
indicating the potential utility to rule in and/or rule out asthma

Optimal threshold around 60 ppb, and exclusion asthma might be
possible with 20 ppb, when pretest probability of asthma is 30%

A cut point around 50 ppb might guarantee a sufficient predictive
positive value for ruling in asthma

Prediction of response to inhaled
corticosteroids

In steroid-naive asthma, a high FeNO level could predict a
good response to ICS (30, 34).

After a randomized study conducted in 294 patients, Price
(35) and cols concluded that treatment with ICS effects was
effective for high FeNO: values higher than 50 ppb were
associated with greater chances of improvement in cough on
the visual analogue scale.

According to ATS guidelines (11), with FeNO values <25 ppb,
eosinophilic inflammation and responsiveness to ICS measured by
a post-bronchodilator forced expired volume in one second
(FEV1) were unlikely, whereas with FeNO values >50 ppb,
eosinophilic inflammation and responsiveness to ICS were likely.

Furthermore, low FeNO in asthmatics on regular ICS
implies that increasing the glucocorticoid dose would not
result in an improvement in the cure of asthma (36, 37).

On the other hand, a single-blind, parallel group, randomized
controlled trial in adults using a composite score of T2
biomarkers (38) (including FENO) to adjust corticosteroid dose
did not result in a greater proportion of patients reducing
corticosteroid dose. FeNO should be used to help the addition
of ICS to the treatment but not to suppress them.

However, there is a lack of good-quality data. The predictive
ability of FeNO depends on the inflammatory phenotype of
this the
phenotypes in the mentioned studies could be a confounding
benefit of FeNO

asthma; for reason, heterogeneity of asthma

factor, diminishing the real clinical

measurements (30).

Monitoring ICS adherence

Persistently high FeNO levels can be an indication of non-
adherence. In a study of adult patients with poorly controlled
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asthma (39), FeNO suppression testing was an effective method
to detect non-adherence to ICS. Following 1 week on ICS
treatment, non-adherent patients experienced a substantial
reduction in FeNO levels compared with adherent patients.
ATS guidelines (11) suggest that FeNO could assist in the
evaluation of adherence to anti-inflammatory medications.
Also, NICE guidelines (40) indicate that FeNO is a useful
marker for medicine adherence.

Biological therapy

As FeNO can reflect the characteristics of the inflammatory
profile and whether T2 inflammation may be present, it could
be helpful in the selection of biologics for severe asthma
(28, 41, 42).

In a large study of patients with severe asthma, Hanania
(43) evaluated the benefit of omalizumab on exacerbations in
relation to the presence of FeNO and peripheral blood
eosinophils. If patients had elevated FeNO (>19,5% ppb),
omalizumab reduced exacerbations by 53%, whereas the
prevention of exacerbations was 19% when FeNO was <19,5%
ppb. In patients treated with omalizumab, FENO >19.5 ppb
was related to longer time to first exacerbation, reduced
exacerbation rate, and improvements in Asthma Quality of
Life Questionnaire (AQLQ), compared with those with FENO
<19.5 ppb. The ERS/ATS management of severe asthma
guidelines (44) advocate using a FENO cutoff >19.5 ppb to
recognize patients with severe allergic asthma who are more
likely to benefit from anti-IgE treatment.

Initial trials (45) with anti-IL-5 and anti-IL-5 receptor
antibodies did not show FeNO to be a predictor of response.
However, in a post-hoc analysis (46), patients with high
baseline blood eosinophil levels experienced a greater
reduction in exacerbations on mepolizumab treatment if they
also had high baseline FeNO levels. Hoshino (47) combined
FeNO and blood eosinophil count in 114 adult patients with
type 2 asthma as a strategy to stratify them into 4 subgroups
with distinct patterns of airway inflammation and of biologic
use. The high-FeNO/high blood eosinophils and the high-
FeNO/low blood eosinophils subgroups showed the largest
prevalence of mepolizumab and benralizumab use. The high-
FeNO/ low blood eosinophils had the largest frequency of
acute exacerbations (AEs) and the shortest AE-free time in
comparison with the other subgroups. This suggests that
patients with severe asthma with solely high FeNO could be
most likely to have refractory type 2 severe asthma.

Castro et al. (48) studied dupilumab in 1,900 patients
(LIBERTY ASTHMA QUEST study). Significant dupilumab
efficacy was observed in patients with FeNO>25ppb or
baseline levels of blood eosinophils >150 ul™'. Nowadays,
dupilumab is the only biologic drug with a therapeutic
indication that other treatments do not have yet: FeNO levels
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are considered within the eligibility criteria. With regard to
real-life studies about its effectiveness, Carpagnano et al. (49)
demonstrated after 3 months of dupilumab biologic therapy
an improvement in asthmatic symptoms (Asthma Control
Test ACT pre 13.25 +4.65 vs ACT post 19.17 + 4.45; p <0.01),
FeNO (32 ppb pre vs 19 pbb post) and lung function (FEV1%
pre 62.58 +15.73 vs FEV1% post 71.00 + 13.11; p<0.01) in 12
severe type-2 asthma patients, a result that is in line with the
multicenter, retrospective, real-world study published by
Campisi et al (50). In this other study, patients were treated
12 months.
interruption of oral corticosteroids in all the patients, an

with  dupilumab for They observed an
increase in FEV1%, a significant decrease in the number of
exacerbations, and an improvement in ACT.

A retrospective analysis of 162 subjects who attended the
Difficult Asthma Centres in Belfast and Glasgow and
experienced FeNO suppression testing (FeNOSuppT) was
performed (51). This test consists in tele-monitoring of inhaler
use in conjunction with daily FeNO measurement to identify
non-adherence to inhaled corticosteroid (ICS) treatment. This
study facilitates profiling for biomarker responses to
corticosteroids to detect those patients more likely to respond
to high-dose ICS therapy when used regularly and those who,
despite good adherence, are likely to require additional
treatment. This is the reason why FeNOSuppT could be useful
in predicting progression to biologic agents.

Tezepelumab treatment (52, 53) showed a reduction in
exacerbation rates and an improvement in lung function with
a reduction in FeNO and blood eosinophils. The reduction in
annual exacerbations with this biologic therapy was more

pronounced with a high-baseline FeNO.

Cost-effectiveness

FeNO is a cost-effective method. NICE guidelines (17, 40)
concluded that incorporating a combination of peak expiratory
flow measurement, spirometry bronchodilator reversibility test,
FeNO, and methacholine challenge test was the most cost-
effective strategy. Brooks and colleagues (54) reported that
FeNO, in conjunction with standard of care guidelines for
asthma management, decreased expected per-patient annual
expenditure ($2,228) and increased expected per-patient annual
quality-adjusted life year (QALY) (0.844) compared with
standard of care (SOC) alone ($2,637 and 0.767). In Spain,
according to Sabatelli (55), adding FeNO to standard asthma
care saved €62,53 euros per patient and year and improved QALY.

Limitations

— FeNO levels can also be increased in other conditions such as
atopy and can also be affected by many other factors (for
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TABLE 2 Factors affecting FeNO levels.

Increased FeNO Decreased FeNO

Atopy Smoking

Atopic dermatitis Childhood

Obesity

Rhinovirus infection
Eosinophilic bronchitis
Allergic rhinitis
COPD

Lung transplant

example, smoking reduces FeNO values). This is summarized
in Table 2.

- FeNO is a marker of type 2 inflammation and therefore it
plays less of a role in the diagnosis of non-type 2 asthma.

— Currently, GINA guidelines do not include the use of FeNO in
their diagnostic pathway.

— There are still difficulties in establishing cutoffs for “high” and
“low” values.

- FeNO testing is often unavailable in primary care, where most
asthma diagnoses are made.

Discussion

FeNO is a non-invasive, cheap, and non-time-consuming
method. It the
assessment of inflammatory airway diseases. It is accepted that

provides an additional biomarker in
increased FeNO levels are a surrogate of the T2 inflammatory
pathway.

This technique can increase diagnostic accuracy in patients
with asthma. High values of FeNO in patients with consistent
symptoms confirm the suspicion of asthma.

It can be used to identify those patients who are more likely
to respond to ICS. High FeNO values are associated with an
increased probability of improvement with treatment.

Suppression of FeNO with ICS therapy allows a monitoring
of adherence. Non-adherent patients tend to have higher FeNO
levels despite the given treatment.
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