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Short Communication
Nitric oxide (NO), a gaseous signaling molecule generated by NO

synthase (NOS), is enhanced by inflammatory stimuli [1]. The exhaled
nitric oxide fraction (FeNO) has been proposed as a marker of airway
inflammation and a guide for anti-inflammatory therapy in asthma
[1]. However, a persistently high FeNO is occasionally observed
despite inhaled corticosteroids (ICS) therapy [2-4]. Excessive NO
synthesis is well documented in severe asthma [5,6]. Also, it is
suggested that some proportion of individuals are truly steroid
resistant, which is defined as no clinical improvement after treatment
with systemic steroids [7]. However, few studies have provided
detailed data regarding the variability of change in FeNO by
administration of systemic steroids and its impact on asthma control
and lung function in patients with severe asthma and persistently high
FeNO.

This prospective study was undertaken to assess the predictors for
identifying the efficacy of systemic steroids on residual FeNO
elevations in patients with severe asthma. The main results of the study
have been reported previously [8]. The FeNO levels and blood
eosinophil numbers were independently associated with an improved
residual airway inflammation. In the present study, we assessed the
variability of changes in FeNO through administration of systemic
corticosteroids and correlated these changes with asthma control, lung
function, and blood eosinophil numbers.

The characteristics of the present cohort have been published
previously [8]. Twenty patients with severe asthma and sustained high
FeNO despite maintenance therapy including high-daily-dose ICS
were surveyed. Asthma Control Questionnaire (ACQ), lung function,
blood eosinophil numbers, and FeNO were measured before and after
14 days treatment with 0.5 mg/kg oral prednisolone/day. Informed
consent was obtained from all patients. The criterion for refractory
asthma from the ATS was used to determine the severity classifications
[9]. Subjects were excluded if they were current smokers, had an
exacerbation of asthma within 8 weeks prior to the survey. Also,
patients with poor adherence to the therapy or with other pulmonary
diseases were excluded. The study was approved by the local ethics
committee (IRB #526). FeNO was measured by a chemiluminescence
NO analyzer [8]. Based on our previous studies [3,10], we selected 40
ppb as the cutoff point for high and low FeNO. The forced vital
capacity (FVC), forced expiratory volume in 1s (FEV1), and blood
eosinophil numbers were measured as previously described [8]. The
measurements at different time points were compared by Wilcoxon
signed rank test. Receiver operating curve (ROC) was used to
determine a cut-off point for the change in FeNO that would identify
patients with a ≥ 200 mL increase in FEV1. A p-value of <0.05 was
considered significant.

Figure 1: Distribution of changes in exhaled nitric oxide fraction
(FeNO) through administration of systemic corticosteroids in
patients with severe asthma. Each bar represents reduction in FeNO
of 10%.

The distribution of changes in FeNO level was shown in Figure 1.
The mean change in FeNO was a reduction of 34.0%, with significant
variation in the levels of change. The between patient standard
deviation for the rate of reduction was 19.5%. ROC analysis showed
that a reduction in FeNO of ≥ 31.7% yielded 100% sensitivity and 70%
specificity for identifying patients with a ≥ 200 ml increase in FEV1
(AUC=0.91)(Figure 2). Based on the magnitude of reduction in FeNO,
we labeled those of greater than the 30% as steroid responders (n=12),
and less than the 30% as steroid poor-responders (n=7).

Figure 2: Receiver operating characteristics (ROC) curve to
estimate the cutoff values of % change in FeNO for identifying
patients with a ≥ 200 ml increase in forced expiratory volume in 1
second (FEV1). Data labels represent cutoff values of % change in
FeNO (arrow), area under the curve (AUC), sensitivity and
specificity.

At baseline, there was no significant difference in age, gender, body
mass index, asthma treatment, ACQ score, %FVC, and %FEV1
between the two groups. As shown in Figure 3, the steroid-mediated
reduction in FeNO of greater than 30% was significantly associated
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with improvements in ACQ and FEV1 (all p<0.05) but not with
change in blood eosinophil numbers (p=0.19). Minimal clinical
important difference in ACQ score (≥ 0.5 decrease) was observed in 8
of steroid responders (67%) and 1 of steroid poor-responders (14%). A
total of 9 patients showed ≥ 200 ml increase in FEV1, and all cases
were steroid responders.

Figure 3: Changes in Asthma Control Questionnaire (ACQ) score,
forced expiratory volume in 1 second (FEV1), and blood eosinophil
numbers according to the magnitude of reduction in FeNO (%).
The error bars represent standard deviations.

The present study has shown that the change in FeNO through
administration of systemic corticosteroids is highly variable, and the
FeNO in approximately 40% of the study subjects was not reduced
greater than 30%. These data suggest that truly steroid-resistant
inflammatory processes in the airways are involved in the sustained
high levels of FeNO in patients with severe asthma. Several distinct
mechanisms that contribute to decreased anti-inflammatory effects of
steroids have now been identified [11]. These include steroid receptor
modification, abnormal histone acetylation, increased glucocorticoid
receptor-β expression, and constitutive NOS sources. Moreover,
corticosteroids may induce epigenetic modification on the FeNO level.
DNA methylation is increasingly proposed as a mechanism for
underlying asthma-related inflammation, and FeNO increased in
association with lower promoter methylation of both IL-6 and iNOS
[12]. Recent evidence shows that the up-regulation of iNOS in the
airways via STAT-6 and Th2-cytokines interleukin (IL)-4 and IL-13,
produces enhanced NO concentrations in exhaled air [13]. However,
persistently high FeNO have also been observed in association with
elevations of concomitant Th1 cytokines [13,14]. IL-4 and IL-13 in
combination with IFN-γ synergistically enhance iNOS expression [14].
The mixed Th1/Th2 characteristics may be involved in the steroid
unresponsiveness in asthma [14-17]. The IFN-γ-mediated iNOS
expression is virtually steroid resistant, as evidenced both in vitro [16]
and in vivo [17]. In addition, recent studies have suggested that
persistently high FeNO could be also due to the heritable nature of
FeNO on a family related basis [18,19].

Recent evidence suggests that the residual airway inflammation
detected by FeNO is an important therapeutic target in asthma. The
large cross-sectional analyses demonstrated that the grouping of
asthma by FeNO provides an independent classification of asthma
severity, and the subgroups with sustained high FeNO tend to be a
highly reactive asthma phenotype [2,3]. Moreover, in the same group
of patients, we have previously reported that the reduction in FeNO
levels was significantly correlated with the improvements in ACQ,

FVC, and FEV1 by systemic steroid therapy [8]. The present study
expands on these data. The reduction in FeNO of ≥ 30% was
corresponded with the improvements in ACQ and FEV1. Recently, the
efficacy of dupilumab, a human monoclonal antibody to the α-subunit
of the IL-4 receptor, in patients with moderate-to-severe asthma was
evaluated [20]. The dupilumab therapy was associated with fewer
asthma exacerbations and with improved lung function. The degree of
reduction in the FeNO level was correlated with the improvement in
FEV1. By contrast, blood eosinophil levels were unchanged with
dupilumab [20]. These findings are consistent with the current
observations. The clinical improvements on top of ICS/LABA
suggested that high-daily-dose ICS had not completely suppressed the
IL-4 and IL-13-mediated immune process in these severe patients with
residual airway inflammation. However, the blood eosinophilia
associated with this phenotype does not appear to be controlled by
IL-4 or IL-13. Although, it has been associated with eosinophilic
inflammation, selective reduction in blood and sputum eosinophils
following anti-IL-5 targeted therapy does not decrease FeNO level
[21], supporting important differences between these Th2 cytokine
associated biomarkers. Further studies are required to investigate the
mechanisms of persistent FeNO elevation including patient’s
molecular profile.

In conclusion, this prospective study provided evidence that the
change in FeNO level through administration of systemic
corticosteroids is highly variable, and the reduction in FeNO levels is
associated with improvement in asthma control and lung function in
patients with severe asthma and sustained high FeNO.
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