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Introduction
Asthma management is complex and supported by national guidelines that were initially created to
emphasize the importance of treating the inflammatory nature of the disease in order to improve patient
outcomes (NHLBI 1991). Control of airway inflammation is central to effective asthma management.
Today, FeNO (fractional exhaled nitric oxide) is a well-established and specific biomarker for Th2 driven
airway inflammation in asthma following almost 20 years since the Nobel Prize was awarded in 1998
for understanding the importance of nitric oxide in the cardiovascular system. Shortly thereafter, the
role of exhaled NO in airway inflammation/ asthma pathophysiology became clear.
Airway inflammation is driven by the activation of antigen-specific T-helper cells (Th) type 2 that
produce a variety of inflammatory cytokines. Of these inflammatory cytokines, IL- 4 and IL-13 have
been shown to induce gene transcription for the production of the enzyme iNOS (inducible nitric oxide
synthase) in the epithelial cells of the airway which then release NO in expired breath.(Ekroos 2002,
Chibana 2008)
The first device for measuring FeNO (NIOX®) was CE marked in the EU for medical use (predominately
for research) in 2000 and cleared in the US in 2003. A second generation device that was easier and
more convenient to use in the clinic (NIOX MINO®) was subsequently developed and launched in 2004
(Europe) and 2008 (US). NIOX MINO® was the first device for measuring FeNO that could be
performed at the point-of-care, providing information to the physician at the time when treatment
decisions are being made. Coinciding with the introduction of NIOX MINO®, the first CPT code (95012
Nitric oxide expired gas determination) was assigned to support billing and reimbursement of FeNO.
The current version of the device, (NIOX VERO®) was launched in 2013 (Europe) and 2014 (US) and
offers significant advantages in terms of ease of use and portability; providing a FeNO measurement in
approximately one minute following a 10 second exhalation. (Maniscalco 2016)
In September 2011, the American Thoracic Society (ATS) published a clinical practice guideline on the
Interpretation of Exhaled Nitric Oxide Levels (FeNO) for Clinical Applications: an official ATS Clinical
Practice Guideline (Dweik 2011).This practice guideline is designed for clinicians and provides
evidence-based recommendations for the use and interpretation of exhaled nitric oxide measurements
in clinical practice. This guideline was also formally endorsed and supported by the American College
of Allergy, Asthma and Immunology (ACAAI) and the American Academy of Allergy, Asthma and
Immunology (AAAAI) in February 2012. FeNO has also been included in the most recent guidelines in
the United Kingdom. The National Center for Health and Care Excellence (NICE) recommends FeNO
to help diagnose and manage asthma in adults and children. (NICE 2014)
The evidence to the support monitoring FeNO in asthma management is considerable. Ever since
2000, FeNO has been included in the majority of clinical trials evaluating potential new antiinflammatory asthma drugs. Furthermore, a recent literature search of the National Library of
Medicine’s PubMed for asthma clinical studies involving FeNO, (using nitric oxide and asthma as
search terms) produced over 3,000 articles. However, to categorize the majority of literature that
supports the clinical and economic value in the management of asthma, we believe the following 5
reasons for monitoring FeNO have the greatest strength of evidence:
1. FeNO Aids in Diagnosis of Asthma and Identifies Patients with Th2 Airway Inflammation
2. FeNO Helps to Determine Steroid Responsiveness and Optimize the Dose of Inhaled
Corticosteroids
3. FeNO Uncovers Non-Adherence to Inhaled Corticosteroids
4. FeNO Reduces the Likelihood of Exacerbations in Patients at Risk for Future Events
5. FeNO Helps to Identify Asthmatics Who Are Possible Candidates for Treatment with a Biologic
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1. FeNO Aids in the Diagnosis of Asthma and Identifies Patients with Th2 Airway
Inflammation
Asthma is one of the most common chronic diseases; three hundred million people worldwide and 25.7
million or 8.4% of the US population are affected by asthma, and the prevalence is expected to grow in
the next decade (Akinbami 2012). Asthma is a disease of chronic airway inflammation characterized by
variable and recurring symptoms and airflow obstruction. Airway inflammation is the central mechanism
in the pathogenesis of asthma leading to bronchoconstriction, bronchial hyper-responsiveness and
edema, which is manifested as clinical symptoms of cough, wheezing, breathlessness and chest
tightness.
Asthma is both over- and under-diagnosed resulting in inappropriate or ineffective treatments for
patients. In fact, it has been estimated that approximately one third of patients diagnosed with asthma
do not have asthma when objectively assessed and of these misdiagnosed patients more than 70% are
receiving asthma treatments (Pakhale 2011). In recent studies, more than half of children and one-third
of adults with asthma may be misdiagnosed (Looijmang-van den Akker 2016, Aaron 2017).
Misdiagnosis has important health outcome and health economic implications in that lack of proper
diagnosis leads to patients taking medications they do not need and costs to the healthcare system that
are substantial and inappropriate.
According to guidelines, patients should be diagnosed with asthma using a variety of clinical tools
including patient and family history, physical examination, symptoms and lung function tests such as
spirometry (NHLBI 2007). While spirometry is considered a very important and objective tool for
supporting a diagnosis of asthma, its usefulness is limited to the measurement and interpretation of
airflow and lung capacity, particularly for evaluating the degree of airway obstruction. However, none of
these tools that are commonly used in clinical practice directly measure the amount of airway
inflammation.
Detecting Airway Inflammation
Incorporating biomarkers into the patient’s clinical evaluation uncovers untreated airway inflammation
and assists practicing physicians to properly classify the patient’s asthma phenotype and therefore
individualize drug therapy (Fajt 2015, Bush 2016). Though some consider evaluation of induced sputum
for the presence of eosinophils a gold standard for detecting airway inflammation, this test is difficult to
perform and not often performed in the majority of office based clinical practices. Its use is more
common in specialized research centers equipped to perform the test.
FeNO measurement has been directly evaluated in comparison with other diagnostic procedures for
asthma including induced sputum for eosinophils, spirometry and bronchial challenge testing. FeNO
has high sensitivity and specificity and correlates well with the results of induced sputum and bronchial
challenge testing (Sivan 2009, Smith 2004, Hewitt 2008, Schleich 2012, Attanasi 2016). In a recent
comparative meta-analysis of a variety of tests for diagnosing asthma (e.g. spirometry, bronchial
challenge, and/or bronchial reversibility), FeNO was found to have good performance and the authors
even stated that FeNO might render bronchoprovation testing superfluous. (Karrasch 2017) In addition,
FeNO has also shown to be equivalent to the use of peripheral blood eosinophils as a surrogate to
predict sputum eosinophils. (Wagener 2015). While the combination of peripheral blood eosinophils
and FeNO further improves the sensitivity and specificity of detecting airway inflammation to a modest
degree (Westerhof 2015), FeNO alone provides sufficient accuracy of detecting Th2 airway
inflammation and is available for use at the point of care (Wagener 2015).
Asthma is typically variable in most patients and therefore corresponding fluctuations in airway
inflammation are to be expected. This underscores the need for periodic assessment of patients and
longitudinal monitoring of biomarkers. A recent study assessed the variability of a variety of clinical
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tools (patient questionnaires, spirometry, and bronchodilator reversibility) and biomarkers (FeNO,
induced sputum for eosinophils and neutrophils) over a 12 month period. Less variability was seen in
measures of spirometry but moderate to high variability in other characteristics (e.g., bronchodilator
reversibility, symptom scores and FeNO > 35ppb). The authors concluded that higher variability was
most likely related to seasonal variations in climate, allergen exposure, medication changes and acute
exacerbations and therefore emphasized the importance of longitudinal monitoring of indices that are
more specific for Th2 asthma inflammation. (Silkoff 2016).
In 2011, The American Thoracic Society (ATS) published an evidence-based guideline for improving
patient care when monitoring FeNO is incorporated into clinical practice (Dweik 2011). Specifically, the
ATS Guideline strongly recommends the use of FeNO in the diagnosis of eosinophilic airway
inflammation based on a level of moderate evidence. In addition, the ATS Guideline recommends that
cut points, rather than reference ranges, be used when interpreting FeNO values. Values of less than
25 ppb in adults (<20 ppb children) are considered low; intermediate values are 25 to 50 ppb in adults
(20-35 ppb children), and high values are greater than 50 ppb in adults (>35 ppb children).

2. FeNO Helps to Determine Steroid Responsiveness and Optimize the Dose of Inhaled
Corticosteroids (ICS)
Evaluating Steroid Responsiveness
Inhaled corticosteroid (ICS) therapy has been and continues to be the mainstay of treatment for asthma
ever since the first national guidelines were published (NHLBI EPR-1 1991) that emphasized the
importance of treating the inflammatory component of the disease. In more recent years, the need for
understanding the phenotypic characteristics of the disease has also become important since it helps
clinicians individualize treatment accordingly. Patients with Th2 phenotype have increased airway
inflammation associated with eosinophils compared to Th1 phenotype that is associated with more
neutrophilic infiltration (Fajt 2015).
Patients respond to various asthma treatments differently depending on their underlying disease
characteristics. While the majority of patients with asthma demonstrate a Th2 phenotype and do
respond to corticosteroid treatment, a significant portion of patients demonstrate phenotypes not
characteristic of Th2 inflammation and thus will respond less. It has been observed that up to 75% of
steroid-naïve patients have primarily Th2 driven asthma and respond significantly to ICSs (Bradding
2008). However, up to 45% of asthmatic patients do not benefit from ICS therapy as they exhibit noneosinophilic Th1 asthma (Spahn 2016). FeNO measurement identifies patients with Th2 driven airway
inflammation and helps to predict response to ICS therapy (Price 2013).
An early study done in 1999 by Malmstrom et al, investigated the response to beclomethasone in a
large group of asthmatics (n=251) using traditional measures (and prior to the ability to measure
FeNO). Using spirometry to identify treatment response, they found only 50% of patients had at least
11% improvement in FEV1, while 22% had no improvement. Interestingly the majority of their study
population had clinical characteristics of having Th2 asthma; over 60% had comorbid allergic disease
and the mean peripheral blood eosinophil count was 0.35cells/ul. (Malmstrom 1999) Had FeNO been
used in this study the results may have demonstrated a greater percentage of patients responding to
inhaled corticosteroids. In addition, this study highlights the need to properly characterize subjects who
potentially may have Th2 driven inflammation (e.g. through measurement of FeNO) before
commencing a trial of ICS therapy or evaluating other new treatments for asthma.
An example of a study that used FeNO to evaluate ICS response in patients presenting with
nonspecific respiratory symptoms was completed by Smith et al (Smith 2005a). They studied 101
patients referred to a respiratory specialist for treatment. Steroid response was evaluated using
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spirometry (FEV1, peak flow, bronchodilator response), and bronchial challenge in addition to FeNO.
Baseline FeNO provided greater sensitivities and negative predictive values than each of the other
predictors. More specifically, a baseline FeNO >47ppb predicted steroid response better than any of
the other tests.
Other studies in children and adults have demonstrated that patients who initially present with an
increased FeNO value will more likely have a positive response to inhaled corticosteroids. Conversely,
patients who have a low FeNO value are more unlikely to respond to ICS therapy. (Price 2013). FeNO
measurement predicts the likelihood of steroid responsiveness more consistently than spirometry,
bronchodilator response, peak flow variation, or airway hyper responsiveness to methacholine
(Knuffman 2009, Szefler 2002).
Optimizing the Dose of ICS
Current national asthma guidelines recommend periodic clinical assessment of patients and adjustment
of medications by either stepping-up or -down therapy. Asthma severity and symptoms fluctuate
depending on the patient’s lifestyle, exposure to environmental triggers and genetic tendencies.
Therefore, periodic re-assessment is needed to help individualize drug therapy according to the
patient’s asthma symptoms, degree of airway inflammation and to minimize adverse effects from
medications (NHLBI 2007).
The clinical benefit of periodic assessment of airway inflammation using FeNO in chronic asthma was
demonstrated in a study by Smith et al. (Smith 2005b). They followed two groups of patients, one used
traditional monitoring (symptoms, spirometry, etc) and the other a FeNO based approach. After 12
months, the ICS dose of fluticasone was 370 μg per day in the FeNO group and 641 μg per day in the
control group. More importantly, asthma control was better in the FeNO group with 45.6% less
exacerbations compared to the standard care group. Exposure to high doses of ICS was also reduced
in this study by using a FeNO based strategy to step patients down; 48% of the standard care group
were receiving 1,000ug of fluticasone daily at the end of the study compared to 20% in the FeNO
group.
Historically, the dose-response curve for the clinical efficacy of ICS has been considered to be relatively
flat, meaning that it plateaus early, with no further therapeutic response (i.e. improvement in symptoms
and or lung function) with increasing dose of medication (Szefler 2002). While all studies have
demonstrated some clinical benefit of ICS, it has been difficult to demonstrate differences between
doses, with most benefit obtained at the lowest doses used (Barnes 2010). The relatively flat dose
response curve of ICS (based on changes in symptoms and lung function) combined with a lack of
specific measures of airway inflammation to help clinicians guide dosing has led to many patients
receiving higher doses than are necessary. Using higher doses of ICS exposes patients to potential
adverse effects from steroids. Higher doses and prolonged use of ICSs can have systemic effects on
growth, bone density, cataracts, adrenal insufficiency and an increased risk of diabetes (Skoner 2016,
Carr 2016, Choi 2017, Nguyen 2003, Suissa 2010).
Recently, Lipworth and colleagues reevaluated the dose response curve for ICSs by adding markers of
airway inflammation to the analysis. In their study they confirmed that improvements in symptoms and
lung function were only seen with lower doses of ICS. However, addition of measures of inflammation
such as FeNO, eosinophilic cationic protein and blood eosinophils was able to detect a clear dose
response curve covering low to high doses of ICS (Anderson 2017). This study confirmed earlier
findings from Nolte et al who used FeNO as a primary endpoint to compare the dose response to
mometasone. (Nolte 2013)
Real world evidence supports how monitoring FeNO helps to guide treatment decisions in the
management of asthma. LaForce et al demonstrated that without knowledge of the patient’s FeNO, the
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clinician’s assessment did not recognize the amount of airway inflammation in 50% of patients.
Measurement of FeNO substantially altered treatment decisions in more than one third of subjects,
notably stepping up medication in 20% and stepping down medication in 16% of the patients studied
(LaForce 2014). Results from LaForce et al. have been expanded to a summary of experience of using
the NIOX® device in over 7,000 patients involved in a real world survey of FeNO use in over 300
asthma clinics in the US (Hanania 2016). Physician’s clinical ability to detect the presence of significant
airway inflammation using traditional office based tools was able to recognize the likelihood of the
FeNO being > 50 ppb in approximately 1/3 of patients. However, once the physician knew that the
patient had an elevated FeNO (> 50 ppb), anti-inflammatory treatment was then stepped up in 96% of
patients.
Lastly, ATS Guideline recommendations for the use of FeNO monitoring states that a FeNO > 50 ppb
(> 35 ppb in children) be used to indicate eosinophilic inflammation is likely and, in symptomatic
patients, responsiveness to corticosteroids are also likely (strong recommendation, moderate quality of
evidence) (Dweik 2011).
3. FeNO Uncovers Non-Adherence to Inhaled Corticosteroid Therapy
ICS treatment is widely considered to be the cornerstone therapy for the control of asthma symptoms
(NHLBI 2007), however, adherence to asthma medication regimens tends to be very poor, with
reported rates of non-adherence ranging from 30 to 70 percent (Lindsay 2013). A number of factors
are associated with non-adherence to asthma therapy. Medication-related factors include difficulties
with inhaler devices, complex regimens, side effects, cost of medication, dislike of medication, and
distant pharmacies.
Non-adherence is a major reason for poor asthma control, asthma-related emergency department
visits, inpatient hospitalizations, persistent eosinophilic inflammation, and increased oral steroid use
(Murphy 2012, Williams 2004). Up to three-quarters of the total costs associated with asthma may be
due to poor asthma control (Apter 2015). Guidelines and consensus statements on the diagnosis and
assessment of patients with difficult-to-treat asthma unanimously stress the importance of identifying
and addressing non-adherence in this population (Bousquet 2010, Bel 2011).
INOS (inducible nitric oxide synthase enzyme) expressed by airway epithelial cells is very sensitive to
the effect of corticosteroids (Kharitonov 1996). Therefore, as discussed in the previous section on the
role of FeNO in ICS dosing, it would make sense that FeNO would also be a useful tool to determine if
patients have been using their inhaled or oral medications that contain a corticosteroid. Indeed good
adherence to prescribed asthma therapy has been associated with better disease control and lower
FeNO concentrations (Klok 2014).
An early study in 2002 investigated the effect of budesonide on changes in FeNO and spirometry. Fiftyfour pediatric and adolescent patients were followed for 8 weeks during treatment with budesonide or
placebo following a 4 week washout period. They found a significant relationship of budesonide dosing
and changes in FeNO while no effect was observed on FEV1. Interestingly, the reduction in FeNO
levels was positively correlated to budesonide compliance (Beck-Ripp 2002).
Delgado-Corcoran et al investigated the relationship of FeNO to asthma control and medication
adherence in 30 pediatric and adolescent patients that were followed periodically for 2.5yrs using
NHLBI Guidelines. FeNO levels correlated to improved asthma control and were significantly reduced
in subjects with good compliance to steroids compared with patients with poor and moderate
compliance. FEV1 levels were not substantially different between compliance groups. (DelgadoCorcoran 2004)
A study by McNicholl et al clearly demonstrates that the dynamic effect of ICSs on FeNO may be used
as an accurate discriminator of non-adherence to inhaled corticosteroids in adults (McNicholl 2012).
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Patients in this study received 7 days of direct observed administration of their ICS medication
(DOICS). Those patients who had a history of poor adherence as measured by ICS refills of less than
50% experienced a greater reduction in FeNO following 7days of DOICS compared to the group of
adherent patients who had > 80% history of ICS refills (47 +/- 21% versus 79 +/- 26%) of baseline
measurement (P < 0.003).
In another novel study that investigated using FeNO as a surrogate marker of medication adherence,
Kaminsky et al evaluated 27 children who attended a summer camp for asthma. Throughout the one
week duration of the summer camp, children were administered their usual medications brought from
home in an observed manner. While the duration of the summer camp was too short to see an effect
on asthma outcomes, there was a significant decrease in the patient’s FeNO that was attributed to
improved adherence (via direct observed administration) (Kaminsky 2008).
There are other situations in which FeNO monitoring is useful in the management of patients with
difficult-to-treat asthma, for example, when invasive therapeutic interventions or expensive biologicals
are being considered (Fajt 2015). In this case, FeNO monitoring is used to help verify that ICS based
medications have been optimized and non-adherence ruled out before progressing to additional more
expensive therapies or diagnostic tests. Many managed care organizations and pharmacy benefit
managers require prescribers to provide evidence that the patient has a steroid resistant inflammatory
process that is not adequately treated by ICS/LABA medications (Pavord 2012). Use of FeNO in these
situations helps to provide objective evidence of steroid responsiveness and medication adherence.
4. FeNO Reduces the Likelihood of Exacerbations in Patients at Risk for Future Events
The frequency and severity of exacerbations of asthma in patients is often variable. Some patients
have periods of increased symptoms and more severe exacerbations depending on exposure to
environmental allergens and other triggers; others have a more mild form of the disease and less
exacerbations (NHLBI 2007). It is estimated that only 20% of asthmatics have had exacerbations
requiring treatment in the emergency department or hospitalization, yet these patients account for more
than 80% of total direct costs (Rodrigo 2004). For example, in one study of 3,151 patients presenting to
83 US emergency departments with acute asthma, 73% reported at least one visit for asthma in the
prior year, with 21% reporting six or more visits (Griswold 2005).
Risk factors in patients that are more prone to exacerbations have been well described. The most
common risk factor for a severe asthma exacerbation is a history of a prior attack in the previous year
that required treatment with systemic corticosteroids (Dougherty 2009). Other factors associated with
more difficult to control asthma include comorbid allergic disease, obesity, smoking, and markers of
airway inflammation such as elevated FeNO and blood or sputum eosinophils (Chen 2008, Kupczyk
2014, Zeiger 2011). Specifically, elevated FeNO (> 50ppb) has been shown to be a significant
independent risk factor for uncontrolled asthma (Malinovischi 2016). Furthermore, in a 3 year
longitudinal study examining loss of lung function, a persistently high FeNO level of >40 ppb was
independently associated with an accelerated decline in FEV1 (Matsunaga 2016).
Asthma exacerbations significantly impact patient lives and lead to an increase in direct and indirect
costs. In 2008, at least one half (52.6%) of persons with asthma in the US reported having an asthma
attack in the preceding 12 months. Those who had attacks had a higher proportion of emergency
department and urgent care visits, and reported fair to poor health (CDC, MMWR 2011). In 2007, there
were 1.75 million asthma-related emergency department visits and 456,000 asthma hospitalizations
(Akinbami 2011). Asthma is the most common reason for an emergency department “treat and release”
visit for children. Asthma is the second most common reason for hospitalization for children and the
fourth most common reason for adults. Despite effective treatments, asthma morbidity remains high
with up to 15% of well controlled patients and up to 49% of poorly controlled patients requiring a
hospitalization, emergency room visit or other unscheduled visit for their asthma each year (AIM Survey
Circassia Pharmaceuticals, Inc
March 31, 2017

2009). The cost of inpatient hospitalizations and emergency department visits in 2007 are estimated at
over $16 billion (2009 dollars). There has been no significant reduction in the hospitalization rate for
asthma while costs have continued to increase (Barnett 2011).
Besides the impact of exacerbations on healthcare utilization and economic consequences, asthma
patients with frequent severe attacks have a significantly larger annual decline in lung function. For
example, Bai et al (2007) conducted a study to investigate the effect of severe exacerbations on the
progression of airway obstruction in 93 nonsmoking asthmatics with moderate-to-severe disease prior
to treatment with inhaled corticosteroids. Subjects were followed for >5 yrs. (median follow up was 11
yrs.). The exacerbation rate significantly predicted an excess decline in FEV1, such that one severe
exacerbation per year was associated with a 30.2 mL greater annual decline in FEV1
How can clinicians better identify patients at risk for future uncontrolled asthma and exacerbations?
Studies have demonstrated that the addition of monitoring FeNO, a biomarker of airway inflammation,
to usual clinical assessments during routine asthma visits such as asthma control patient
questionnaires and spirometry helps to identify patients at risk for future exacerbations (Zeiger 2011).
The benefit of using a FeNO based monitoring strategy was also demonstrated in a study of asthma in
pregnancy. (Powell 2011). Women were enrolled in the study at 22 weeks gestation or sooner. Using
a FeNO based strategy compared to usual care was associated with a significant reduction in asthma
exacerbations and improved quality of life. (Powell 2011). Interestingly, there were benefits seen in the
offspring as neonatal hospitalizations were reduced too. The offspring from this study were also
followed up later in life. In the year following birth there was a reduced incidence of recurrent
bronchiolitis in the infants born from mothers in the FeNO group. (Mattes 2014). When the children
were followed up as toddlers (mean age 5 years), the prevalence of wheezing, ED visits and doctor
diagnosed asthma were all significantly lower in children from the FeNO group. (Morten 2016).
The most compelling evidence to support the use of monitoring FeNO in asthma management has
been summarized in two recent Cochrane meta-analyses that concluded exacerbations were reduced
40-50%.
The 2016 Cochrane Systematic Review on “Exhaled Nitric Oxide Levels to Guide Treatment for Adults
with Asthma” included 7 randomized controlled trials and 1,700 adult participants. (Petsky 2016) By
monitoring FeNO, the number of exacerbations were reduced by 40% and the exacerbation rates by at
least 41%. The number of people having one or more asthma exacerbations was significantly lower in
the FeNO group compared to the control group (odds ratio (OR) 0.60, 95% confidence interval (CI)
0.43- 0.84). Those in the FeNO group were also significantly more likely to have a lower exacerbation
rate than the controls (rate ratio 0.59, 95% CI 0.45 – 0.77). The quality of the evidence to support the
effect on FeNO on reducing asthma exacerbations was determined to be moderate even though
exacerbations were not defined the same across all of the studies included in the analysis.
Additional secondary endpoints were examined in the meta-analysis (symptoms, ICS dosing and
measures of asthma control such as spirometry). None were found to be significant, however
consistency of reporting data across the 7 studies on secondary outcome measures affected the ability
to accurately compare groups using meta-analysis methodology. No mention of the grade of evidence
to support the conclusions was provided (except for ICS dosing where the authors found low evidence).
Despite this, the authors still went on to conclude that FeNO did not impact day-to-day clinical
symptoms, end-of-study FeNO levels, or inhaled corticosteroid dose.
In a second 2016 Cochrane Systematic Review focusing on pediatrics, Petsky and colleagues
evaluated the efficacy of tailoring asthma interventions based on monitoring FeNO, in comparison to
management based on clinical symptoms (with or without spirometry/peak flow) or asthma guidelines
(or both), for asthma-related outcomes. This meta-analysis included 9 randomized controlled trials and
1,426 children. Using traditional monitoring, 40 out of 100 children experienced at least one
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exacerbation over 48.5 weeks, compared to 28 out of 100 children where treatment was guided by
FeNO (OR 0.58, 95% CI 0.45 to 0.75; 1279 participants; 8 studies; p< 0.0002) (Petsky 2016).
Of note, the number needed to treat to benefit (NNTB) over 52 weeks was clinically relevant and very
low; 12 in the adult and 9 in the pediatric meta-analyses (Petsky 2016). Furthermore, the incorporation
of FeNO monitoring into asthma management is a cost-effective strategy that improves outcomes and
medication use (Bukstein 2011, Honkoop 2015). Our pharmacoeconomic cost model of justifying the
use of FeNO monitoring based on data in reducing the likelihood of exacerbations demonstrates an
overall cost savings in a typical managed care payer organization (Massanari 2017).
5. FeNO Helps to Identify Asthmatics Who Are Possible Candidates for Treatment with a
Biologic
A small minority of asthma patients cannot achieve control of their disease with traditional therapies
(i.e., ICS/LABA combinations with or without LTRAs and OCS) and are considered for additional
treatment with a biologic agent according to current guidelines (NHLBI 2007). However, before a
patient is considered to have truly severe refractory asthma, other factors related to achieving disease
control should be considered. Difficult to control or treat asthma differs from severe refractory asthma
and includes confounding factors such as allergic comorbidities, smoking, medication nonadherence
and poor inhaler technique. (Hekking 2015, Kupcyzk 2011). This is an important distinction since
methods to improve asthma control in difficult patients relate to addressing the confounding factors
compared to the refractory patient where additional anti-inflammatory treatment is needed such as a
biologic (e.g., omalizumab, mepolizumab or reslizumab).
To characterize difficult to control asthma vs severe refractory asthma, Hekking et al (2015) conducted
an epidemiological investigation of asthma control in the Netherlands where there is documentation of
healthcare utilization among its inhabitants receiving care through their nationalized system. They
found 74.1% of asthma patients receiving moderate to high dose ICS with or without a LABA were
difficult to control; 21.7% had experienced 3 or more exacerbations, and 21.7% had been hospitalized.
In addition, less than half of patients (49.3%) with difficult-to-control asthma were adherent to their
medium to high-dose ICS prescription and only 41.6% of those patients had correct inhalation
technique. Thus only 20.5% of the patients with difficult-to-control asthma qualified for the definition of
truly severe refractory asthma which corresponded to 3.6% (95% CI, 3.0% to 4.1%) of the overall Dutch
adult asthmatic population.
Treatment decisions in patients with difficult to control asthma are complicated. Before treatment with a
biologic is considered, patients need to be reevaluated and comorbidities, medication nonadherence
and poor inhaler technique ruled out. Using FeNO monitoring in asthma management helps to confirm
ICS non-adherence/compliance and identifies patients with more severe disease that have persistent
airway inflammation despite treatment with an ICS/LABA with or without additional drugs such as
LTRAs (McNicholl 2012) (see previous section on Optimizing ICS Dosing and Treatment Adherence).
Use of FeNO with Biologics
Omalizumab
The EXTRA study enrolled 850 patients (aged 12-75 years) with uncontrolled severe persistent allergic
asthma despite treatment with ICS/LABA with or without other controllers to evaluate the additional
benefit of omalizumab in reducing future exacerbations. Patients were enrolled in the study regardless
of their FeNO level. Baseline FeNO levels were 28.5ppb in the omalizumab patients and 29.2ppb in
the placebo patients. Use of omalizumab was associated with a modest 25% relative reduction in
asthma exacerbations (larger rate reductions in exacerbations were seen in the phase II studies which
studied patients on ICS alone since LABAs were not available when the studies were started) (Hanania
2011).
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A subsequent pre-specified analysis was performed to evaluate the reduction in exacerbation rate of
omalizumab in relation to baseline biomarkers of airway inflammation (FeNO and blood eosinophils),
and serum periostin (done post hoc). (Hanania 2013) Patients were divided into low- and highbiomarker groups. After 48 weeks of omalizumab treatment, reductions in exacerbations were greater
in the high biomarker sub-groups than in the low biomarker subgroups. The greatest reduction in
asthma exacerbations was seen in the high FeNO-group (>19.5 ppb); mean 53% reduction compared
to 16% when baseline FeNO was < 19.5ppb. For high blood eosinophils the mean reduction in asthma
exacerbations was 32% (eosinophils > 260ul) vs 9% for low eosinophils (< 260ul). In summary, use of
biomarkers of persistent airway inflammation helps to identify patients who may benefit most from
treatment with omalizumab.
Monitoring FeNO has the advantage of being available at the point of care, enabling physicians to make
treatment decisions during the patient’s visit. Furthermore, the use of FeNO to predict omalizumab
responders has been shown to have significant cost savings (Massanari 2017). Without the use of
FeNO, evaluating the response to a trial course of omalizumab (typically 16- 28 weeks) can be difficult.
The addition of FeNO helps to identify responders to omalizumab and significantly reduces overall
costs of both FeNO and omalizumab.
Anti-IL 5 Monoclonal Antibodies
FeNO has been utilized as one of the study entry criteria during phase III clinical trials with
mepolizumab in patients with severe asthma with a Th-2 eosinophilic phenotype.
The DREAM mepolizumab study evaluated 621 patients with eosinophilic asthma who had a history of
severe recurrent exacerbations. Baseline entry criteria included one or more of the following criteria: a
sputum eosinophil count of ≥ 3%, a FeNO of ≥ 50 ppb, an asthma-related peripheral blood eosinophil
count of ≥ 0·3×10⁹ per L, or prompt deterioration of asthma control after a ≤ 25% reduction in regular
maintenance inhaled or oral corticosteroids. Patients were randomized to receive one of 4 treatment
regimens: placebo, 75mg, 250mg and 750mg of mepolizumab IV every 4 weeks for one year. The
mean baseline FeNO ranged from 29.2 to 33.7 ppb. The rate of clinically significant exacerbations was
2.40 per patient per year in the placebo group, 1.24 in the 75 mg mepolizumab group (48% reduction,
95% CI 31–61%; P<0·0001), 1.46 in the 250 mg mepolizumab group (39% reduction, CI 19–54%;
P=0·0005), and 1.15 in the 750 mg mepolizumab group (52% reduction, CI 36–64%; P<0·0001). Post
treatment FeNO was not significantly different across the groups of mepolizumab doses. (Pavord
2012)
However, in the patients who had elevated FeNO at baseline ≥ 50 ppb there appears to be an effect on
the rate of exacerbations (but not statistically significant) (see table 1 below) (FDA 2015).
Other anti-IL5 monoclonal antibodies for severe asthma such as reslizumab and benralizumab have not
reported use of FeNO as a baseline enrollment criteria nor an outcome measure during their phase III
registration trials.
Therefore, the role of FeNO in helping to identifying candidates for treatment with anti-IL5 monoclonal
antibodies appears to be similar to other drugs, i.e. it helps to identify patients who have persistent
airway inflammation despite treatment with ICS/LABA combinations. However, unlike omalizumab no
data is currently available to suggest that FeNO can be used as an outcome measure associated with
treatment with anti-IL5 monoclonal antibodies nor a predictor of a patient to respond better to treatment.
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Table 1: Exploratory analysis of the primary endpoint: rate of exacerbations by inclusion
criterion from Dream study

Placebo
N=155

Mepolizumab
75mg IV 250mg IV 750mg IV
N=153
N=152
N=156

Blood eosinophils ≥ 300 cells/uL
cells/1,.1L
N
Exacerbation rate per year

96
2.22

85
1.08

93
1.16

91
1.22

Sputum eosinophilia ≥ 3%
N
Exacerbation rate per year

16
2.03

18
1.13

16
0.96

14
1.40

Exhaled nitric oxide ≥ 50 ppb
N
Exacerbation rate per year

70
2.83

61
1.25

57
1.5

74
0.92

,.-.-

Deterioration of asthma control following at least a 25% reduction in corticosteroid use
N
48
46
41
47
Exacerbation rate per year
1.48
2.57
1.04
0.88
Source: Study 97 CSR Table 11
FDA Joint Clinical and Statistical Briefing Document BLA 125526
Tests for treatment by subgroup interaction each are not statistically significant
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