








DISCUSSION
Our results demonstrate, for the first time, that FeNO levels
might be predictive of response to a stepwise approach in
patients with difficult-to-treat asthma. This study adds to
previous research showing a clinical utility of FeNO measure-
ments in asthmatic patients [6–8]. It has been demonstrated
that FeNO correlates with eosinophilic inflammation measured
using bronchial biopsies and induced sputum [15, 16]. In
addition, previous studies have shown that high numbers of
sputum eosinophils were predictive of steroid response [17, 18].
This underlines that steroid response is related to particular
characteristics of airway inflammation. Conversely, FeNO is
reduced by treatment with inhaled corticosteroids [19], but
elevated levels of this biomarker were previously observed in
patients with severe asthma despite corticosteroid treatment
[20]. This might imply either steroid resistant inflammatory
processes in the airway, or insufficient doses of anti-inflamma-
tory medication. Theoretically, FeNO measurements might help
us to identify individuals with persistent eosinophilic inflam-
mation in which a steroid response is more likely. This
hypothesis is supported by our results in a difficult asthma
population, indirectly by those of SMITH et al. [8], who found that
FeNO measurements provided a means of predicting steroid
response in patients with undiagnosed respiratory symptoms,
and also by the findings of LITTLE et al. [21], who have shown
that response to oral steroids in asthma patients can be
predicted in most cases by analysing this biomarker. Even with
various expert-derived guidelines that provide asthma treat-
ment strategies, many patients remain suboptimally controlled.
In our series, 48% of the patients did not achieve control, as
assessed by the ACT questionnaire, despite receiving the best
available treatment and optimal management efforts. This
figure is in accordance with the Gaining Optimal Asthma
Control (GOAL) study, which showed that symptoms were
uncontrolled in as many as 38% of patients with moderate-to-
severe asthma, despite high doses of salmeterol/fluticasone,
good adherence (virtually 100%) and tightly monitored inhala-
tion techniques [22]. The addition of oral prednisolone
(0.5 mg?kg-1) led to a modest 7% increase in the percentage of
well-controlled patients [22]. The most widely accepted expla-
nation for these unsatisfactory findings is the view that the term
‘‘difficult-to-treat asthma’’ might include a broad spectrum of
inflammatory patterns, not always as responsive to steroids as
an eosinophil-associated process could be. In fact, several
phenotypes of refractory asthma have been proposed, including

those subjects who have persistent eosinophilic inflammation
despite steroid treatment, but also those with predominant
neutrophilic airway inflammation and those in whom virtually
no inflammation is present on bronchial biopsy [23].

We have found a higher proportion of positive skin test results
in those patients who achieved control than in those who
remained uncontrolled. Although the classification between
atopic and nonatopic disease has recently come under scrutiny,
the ENFUMOSA (European Network for Understanding
Mechanisms of Severe Asthma) study found fewer positive
skin-prick tests in severe asthmatics compared with controlled
patients, suggesting an association between atopy and the
potential for poor/good asthma control with steroid/b-agonist
therapy [24]. Positive bronchodilator test and PEF variability
.20% were also significantly more common in asthmatics who
gained control, possibly reflecting a more reversible clinical
situation. Conversely, depression was more frequent in
patients who did not achieve control.

TABLE 3 Treatment at baseline

Treatment Patients

BF (640/9 mg) 44 (43.1)

FS (1000/100 mg) 21 (20.5)

FS (500/100 mg) 27 (26.4)

Tiotropium bromide 7 (6.8)

Montelukast 39 (38.2)

Theophyline 3 (2.9)

Data are presented as n (%). BF: budesonide/formoterol daily maintenance

dose; FS: fluticasone/salmeterol daily maintenance dose.
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FIGURE 2. Box plots of Asthma Control Test (ACT) score and exhaled nitric

oxide fraction (FeNO) values in successive visits. Boxes represent median and

interquartile range values; whiskers extend to fifth and 95th percentiles; outliers are

shown individually. ACT score increased significantly from visit one to visit two. FeNO

values decreased significantly from visit one to visit three. It must be noted that

median ACT score was higher at visit two than at visit three. This apparent

contradiction is explained by the fact that many patients achieved control (ACT

score .20) at visit two. However, at visit three, the majority of subjects remained

uncontrolled (ACT score ,20). Conversely, median FeNO decreased at every visit,

reflecting the fact that patients who did not achieve control showed low values of

the biomarker.
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It must be noted that we assessed asthma control by
administering the ACT. The recently published ATS/ERS
consensus about standardisation of outcomes relating to
asthma control recommend this kind of composite measure
designed to provide numerical comparisons of treatment effect
[25]. This brief five-item questionnaire measures several
different areas of asthma control, including symptoms, rescue
inhaler usage and the impact of asthma in everyday function-
ing, but, even using this tool, accurate assessment can be
difficult and comorbidities might alter the scoring [26]. In two
case series, coexisting disorders with asthma-like symptoms
were found in 19% and 34% of patients with difficult asthma
[27, 28]. In such individuals, a variety of comorbid diseases,
such as gastro-oesophageal reflux disease, obesity, vocal cord
dysfunction and upper airway disease (e.g. seasonal allergies),
may overlap with symptoms of asthma, making it difficult to
assess control. Particularly, it has been reported that depres-
sive and anxiety disorders were associated with a decreased
level of asthma control, including more visits to the doctor or
emergency room, inability to do usual activities, and more
days of symptoms compared to those without depression or

anxiety [29]. We have not found differences in the rate of other
comorbid conditions between patients who reached control
and those who remained uncontrolled.

Some limitations of this study must be addressed. 1) The
sample size was small. 2) It is possible that the treatment
periods (1 month) were too short to reach the maximum effect.
In fact, one study demonstrated that asthmatic patients with
stable dosing tend to improve further, confirming the benefit of
sustained treatment in subjects who have difficulty in achiev-
ing control [22]. 3) Airway hyperresponsiveness, a factor that
could potentially predict therapeutic response, was not
assessed in all of the patients. 4) A selection bias is possible
because the study design excluded patients who were taking
oral steroids. Thus, the sample might not accurately represent
the whole population of difficult-to-treat asthmatics.
Conversely, it must be taken into account that the diagnosis
of severe asthma still represents a challenge for physicians, and
many patients with other entities like COPD could be
categorised as ‘‘difficult-to-treat asthma’’. However, in our
sample there were 71% females, more than 90% were never
smokers, hyperresponsiveness was present in almost all of
them and mean FeNO value was 43 ppb. All of these facts,
taken together, make us feel confident that our patients were
truly asthmatics. 5) The investigators were not blinded to the
FeNO results. This fact could be a possible source of bias,
although we believe that the influence in our results is not
relevant because therapeutic decisions were not based on FeNO

values, but rather were derived from the ACT score, which is
self completed by the patients. 6) Although all of the patients
had been regularly followed at an outpatient asthma clinic,
they had previously been educated on the correct use of
inhalers, they were advised to bring their maintenance
mediation to the hospital and all of them denied nonadherence
at the time of the first clinical assessment we did not measure
adherence objectively. GAMBLE et al. [30] have recently
demonstrated that a significant proportion of patients with
difficult-to-control asthma remained nonadherent to inhaled or
oral corticosteroids. However, patients were unaware that they
were being observed and it is well known that patients who
agree to participate in research are more likely than non-
participants to be adherent with their regimen. Anyway,
although noncompliance could underestimate the population
response to the stepwise approach, it is unlikely to affect the
predictive accuracy of FeNO.
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FIGURE 3. Receiver operating characteristic (ROC) curve for the prediction of

therapeutic response from exhaled nitric oxide fraction (FeNO) measurements. ROC

curve identified the optimal cut-off value of 30 ppb with 87.5% sensitivity (95% CI

73.9–94.5%) and 90.6% specificity (95% CI 79.7–95.9%). Area under the ROC curve

is 0.925. Broken lines illustrate the 95% confidence limits.

TABLE 4 Sensitivity, specificity, likelihood ratios (LRs), positive predictive values (PPVs) and negative predictive values (NPVs) at
different cut-off points of exhaled nitric oxide fraction (FeNO) values

FeNO ppb Sensitivity % Specificity % Positive LR Negative LR PPV NPV

20 90 (76.9–96.0) 81.1 (68.6–89.4) 4.77 (2.70–8.42) 0.12 (0.05–0,32) 78.3 (64.4–87.7) 91.5 (80.1–96.6)

25 90 (76.9–96.0) 84.9 (72.9–92.1) 5.96 (3.12–11.39) 0.12 (0.05–0.30) 81.8 (68.0–90.5) 91.8 (80.8–96.8)

30 87.5 (73.9–94.5) 90.6 (79.7–95.9) 9.28 (3.99–21.53) 0.14 (0.06–0.32) 87.5 (73.9–94.5) 90.6 (79.7–95.9)

35 77.5 (62.5–87.7) 90.6 (79.7–95.9) 8.22 (3.51–19.23) 0.25 (0.14–0.45) 86.1 (71.3–93.9) 84.2 (72.6–91.5)

40 70.0 (54.6–81.9) 94.3 (84.6–98.1) 12.37 (4.04–37.81) 0.32 (0.20–0.51 90.3 (75.1–96.7) 80.6 (69.1–88.6)

45 67.5 (52.0–79.9) 94.3 (84.6–98.1) 11.93 (3.89–36.55) 0.34 (0.22–0.54) 90.0 (74.4–96.5) 79.4 (67.8–87.5)

50 42.5 (28.5–57.8) 94.3 (84.6–98.1) 7.51 (2.36–23.87) 0.61 (0.46–0.81) 85.0 (64.0–94.8) 68.5 (57.1–78.0)

Data are presented with 95% confidence intervals.
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Finally, it must be highlighted that no single outcome measure
can adequately assess asthma control. The clinical value of
composite scores like ACT is limited by the lack of validation
in a wider range of settings, particularly in patients with
different asthma phenotypes.

The present study may have implications for clinical practice
and future research. Such information could be beneficial
when advising patients what to expect when deciding to
escalate their medication and to employ potentially harmful
drugs. Conversely, it is of critical importance to identify
patients who are less responsive to steroid treatment and are at
risk of developing persistent airway obstruction. These
patients should be closely monitored and considered for novel
anti-asthma drugs in order to prevent progression of the
disease. In addition, attempts at treating by phenotype will aid
in the development of a more rational approach to the
evaluation of interventions like therapy with omalizumab,
mepolizumab, imatimib or anti-tumor necrosis factor-a agents.

In conclusion, the current results suggest that FeNO can
identify patients with difficult-to-treat asthma and the poten-
tial to respond to high doses of inhaled corticosteroids or
systemic steroids.
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