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ABSTRACT Several biomarkers have been used to assess sputum eosinophilia in asthma. It has been
suggested that the diagnostic accuracy of these biomarkers might differ between asthma phenotypes. We
investigated the accuracy of biomarkers in detecting sputum eosinophilia (⩾3%) in different adult asthma
phenotypes.

Levels of eosinophils in blood and sputum, exhaled nitric oxide fraction (FeNO) and total
immunoglobulin (Ig)E from 336 adult patients, enrolled in three prospective observational clinical trials
and recruited at five pulmonology outpatient departments, were analysed. Areas under the receiver
operating characteristics curves (AUC) for detecting sputum eosinophilia were calculated and compared
between severe and mild, obese and nonobese, atopic and nonatopic and (ex-)smoking and never-smoking
asthma patients.

Sputum eosinophilia was present in 116 patients (35%). In the total group the AUC was 0.83 (95% CI
0.78–0.87) for blood eosinophils, 0.82 (0.77–0.87) for FeNO and 0.69 (0.63–0.75) for total IgE. AUCs were
similar for blood eosinophils and FeNO between different phenotypes. Total IgE was less accurate in
detecting sputum eosinophilia in atopic and obese patients than in nonatopic and nonobese patients.

Blood eosinophils and FeNO had comparable diagnostic accuracy (superior to total IgE) in identifying
sputum eosinophilia in adult asthma patients, irrespective of asthma phenotype such as severe, nonatopic,
obese and smoking-related asthma.
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Introduction
Eosinophilic airway inflammation is an important distinguishing characteristic of specific adult asthma
phenotypes [1]. To assess this type of airway inflammation, sputum eosinophil counts are generally
considered to be the gold standard [2]. Treatment guided by sputum eosinophils reduces the frequency of
asthma exacerbations [3] and patients with sputum eosinophilia have a better response to inhaled
corticosteroids with respect to reducing airway hyperresponsiveness, decreasing asthma symptoms and
improving quality of life compared to those without [4, 5]. Not surprisingly, the recent European
Respiratory Society/American Thoracic Society guidelines on severe asthma recommend sputum
eosinophils counts combined with clinical criteria to guide asthma therapy [6]. Unfortunately, sputum
induction and differential sputum cell counts are only feasible in specialised clinics, are not always
successful and do not give immediate results [7].

Several alternative methods of assessing airway eosinophilia have been proposed in the literature, including
noninvasive biomarkers such as the exhaled nitric oxide fraction (FeNO) [8–10], peripheral blood
eosinophil counts [10, 11] and total immunoglobulin E (Ig)E [10], with varying diagnostic accuracy.
However, specific patient characteristics that distinguish between different adult asthma phenotypes such
as asthma severity [12], obesity [13], atopy [14] and (ex-)smoking status [15] may influence both airway
and systemic inflammation. Therefore, the accuracy of biomarkers to assess sputum eosinophilia may vary
between these different asthma phenotypes.

The aim of the present study was to evaluate the diagnostic accuracy of FeNO, blood eosinophils and total
IgE for detecting sputum eosinophilia, defined as ⩾3% [16, 17] in a large heterogeneous group of adult
asthma patients, as well as in patients with different asthma phenotypes.

Methods
Patients
We collected data from 571 patients with adult-onset asthma (onset of asthma after the age of 18 years)
who had been included in three separate observational clinical trials (Netherlands Trial Register numbers:
NTR2217, NTR1846 and NTR1838) [18, 19] between 2009 and 2012. These prospective trials aimed at
phenotyping patients with adult-onset asthma based on an extensive set of clinical, functional and
inflammatory parameters. Patients aged ⩾18 years were eligible if they had a confirmed diagnosis of asthma
based on international guidelines (history of variable respiratory symptoms and documented variable
expiratory airflow limitation) [20]. Patients with other pulmonary diseases, unrelated major comorbidities,
pregnancy or a smoking history of >10 pack-years combined with fixed airflow obstruction/reduced
diffusion capacity were excluded. Detailed inclusion and exclusion criteria have been reported elsewhere
([18, 19] and NTR2217). All eligible patients visiting the pulmonology outpatient department of four
secondary and one tertiary referral clinic in the Netherlands were invited to participate. All three trials were
reviewed and approved by medical ethical boards before their initiation. All patients gave informed consent.
The present additional analysis was registered at the Netherlands Trial Register (NTR 4589).

Assessment of specific phenotypic characteristics
Asthma severity
Asthma severity was assessed according to the Innovative Medicines Initiative criteria [21], based on medication
use and degree of asthma control. Severe asthma was defined by the use of ⩾1000 µg·day−1 fluticasone
equivalent and/or daily oral corticosteroids plus a second controller, combined with an asthma control score
>1.5 [22] on the JUNIPER et al. [23] asthma control questionnaire or at least two exacerbations in the past
12 months. Patients who did not fulfil these criteria were considered as having mild-to-moderate asthma.

Obesity
Obesity was defined as a body mass index (BMI) ⩾30 kg·m−2.

Atopy
Specific IgE to common aeroallergens was measured by immunoCAP; atopy was defined as specific IgE
>0.35 kU·L−1 for at least one allergen.

Smoking status
Smoking status was recorded during history taking. (Ex-)smokers were either current or previous smokers.
Nonsmokers were patients who had never smoked.

Reference standard: sputum eosinophils
Sputum induction was performed according to internationally accepted standards by trained lung function
analysts [24]. All patients inhaled a nebulised saline solution for 5 min; if possible this was repeated up to
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three times. Sputum processing was performed according to full sample method and differential cell
counts were analysed on cytospin preparations. Results for different sputum cell types are presented as
percentage of total nonsquamous cell count. Laboratory analyses were performed blinded to patient
characteristics and index test results.

Index tests: FeNO, blood eosinophils and total IgE
FeNO (index test 1) was measured using a portable rapid-response chemoluminescent analyser (flow rate
50 mL·s−1; NIOX System, Aerocrine, Sweden). FeNO results are reported as parts per billion [25].

Venous blood was collected and differential white blood cells counts were performed. Absolute blood
eosinophil numbers (index test 2) are reported as 109 cells·L−1. Total IgE (index test 3) was measured
using immunoCAP tests and reported as kU·L−1. All measurements in blood samples were performed by
the general laboratories of the participating hospitals, which were blinded to the outcome of other tests.

All data were collected in one or two visits <2 weeks apart.

Statistical analysis
Adequate sputum samples from 336 patients were available (online supplementary fig. E1: study flowchart)
and these patients were included in the analyses of diagnostic accuracy. Baseline characteristics between
patients with and without adequate sputum were compared. Patients with missing data on blood
esoinophils, FeNO or total IgE were excluded for the analysis of that index test.

Receiver operating characteristic curve (ROC) analysis was used to evaluate the diagnostic accuracy of
FeNO, blood eosinophils, total IgE and their combinations to identify sputum eosinophilia ⩾3%. This was
done first in the complete group and thereafter in subgroups with specific phenotypic patient
characteristics as described above. Analysis included the following: 1) area under the ROC curve (AUC)
(95% CI) for the different biomarkers (FeNO, blood eosinophils and total IgE); 2) sensitivity (95% CI) and
corresponding threshold of each biomarker at a specificity of ⩾95%; and 3) specificity (95% CI) and
corresponding threshold of each biomarker at a sensitivity of ⩾95%. McNemar’s test was used to compare
sensitivities and specificities between biomarkers. DeLong tests were used to compare AUCs between
different asthma phenotypes and to evaluate whether combinations of any of the three biomarkers
improved the diagnostic accuracy of each single biomarker.

We also developed a multivariate logistic regression model for the prediction of sputum eosinophilia ⩾3%
based on phenotypic features and the three markers. First, we evaluated whether patient characteristics
(age, sex, BMI, asthma duration, race, smoking status, post-bronchodilator forced expiratory volume in 1 s
(FEV1), post-bronchodilator FEV1/forced vital capacity (FVC) ratio, atopy status and medication use (high
dose versus low dose)) were significantly associated with sputum eosinophilia in a univariate analysis
(p<0.20). With the significant characteristics we then built a multivariable logistic model. We then used a
stepwise procedure to arrive at a parsimonious model by removing in each step the variable with the
smallest Wald statistic, until further removal would lead to a significant loss in goodness-of-fit (p<0.05;
likelihood-ratio test). Then, the three markers were added to the resulting multivariable model, and the
stepwise procedure was repeated.

Data were analysed using SPSS (version 22; IBM, Armonk, NY, USA) and R version 3.0 (R Foundation for
Statistical Computing, Vienna, Austria).

Results
Table 1 shows the baseline characteristics of the 336 patients who were included in the analyses.
Compared to these patients, the excluded patients (n=235) were younger, more often female and had
slightly lower blood eosinophils (online supplementary table E1). Sputum eosinophilia was present in 116
(35%) patients. FeNO, blood eosinophils and total IgE were missing in ten, five and four of the included
patients, respectively. Correlations of the three biomarkers with sputum eosinophils are shown in online
supplementary figure E2.

Diagnostic accuracy of biomarkers
In the complete group as well as in the eight subgroups, FeNO and blood eosinophils had similar
diagnostic accuracy, whereas the AUC for total IgE was significantly lower (tables 2 and 3). Combining
FeNO and blood eosinophils significantly improved diagnostic accuracy compared to FeNO alone (p=0.001)
or blood eosinophils alone (p=0.027) (AUC 0.87, 95% CI 0.83–0.91; tables 2 and 3, figs 1 and 2). Adding
total IgE to the combination of FeNO and blood eosinophils did not significantly improve the AUC (0.87,
p=0.732). Total IgE performed significantly better in obese than in nonobese patients, and in nonatopic
compared to atopic patients, respectively (table 3 and figure 2).
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A multivariable logistic model was created and reduced using stepwise backward selection. The final model
included age, sex, FEV1/FVC, pulmonary medication (high or low inhaled corticosteroid dose), FeNO and
blood eosinophils (online supplementary table E2). This model further improved the diagnostic accuracy to a
minimal extent compared to FeNO and blood eosinophils combined (AUC 0.89, 95% CI 0.85–0.93; p=0.041).

Sensitivity, specificity and biomarker thresholds
Table 2 shows the sensitivity and specificity for each biomarker at either a high specificity or sensitivity
and the associated threshold of this marker; online supplementary figure E3 shows the formula to calculate
the probability of sputum eosinophilia for the combined model of FeNO and blood eosinophils.

At a sensitivity of ⩾95% (i.e. low number of false negatives), FeNO, blood eosinophils and total IgE had a
comparable specificity, whereas the specificity of FeNO and blood eosinophils combined was significantly
higher. Negative predictive values ranged between 0.92 and 0.94 for biomarker values below the
corresponding thresholds.

At a specificity of ⩾95% (i.e. low number of false positives), sensitivities for FeNO, blood eosinophils and
their combination did not significantly differ, but the sensitivity of total IgE was significantly lower
compared to the other biomarkers. The positive predictive values of FeNO, blood eosinophils and their
combination ranged from 0.79 to 0.84, but was only 0.47 for total IgE.

With these thresholds (table 2), the biomarkers can be used in up to half of the patients, as they had test
results below the lower threshold or above the upper threshold: 47% for FeNO and blood eosinophils
combined (150 out of 322 patients), 36% for FeNO (117 out of 326 patients), 34% for blood eosinophils
(113 out of 331 patients) and 25% for total IgE (83 out of 332 patients).

Thresholds for the separate biomarkers in different phenotypes are summarised in table 4; details are
shown in online supplementary tables E3–E10. Across subgroups, thresholds were relatively stable for FeNO
and the FeNO/blood eosinophils combination model, but varied considerably for the upper levels of blood
eosinophils and IgE.

Discussion
This study shows that the diagnostic accuracy of FeNO and blood eosinophils to detect sputum eosinophilia
did not significantly differ between obese and nonobese, atopic and nonatopic, (ex-)smoking and
never-smoking, and severe and mild-to-moderate asthma patients. Total IgE was less accurate in atopic
and obese patients than in nonatopic and nonobese patients. In unselected adult-onset asthma patients the
diagnostic accuracy of FeNO and blood eosinophils is superior to that of total IgE, while combining FeNO

TABLE 1 Baseline characteristics of patients who provided an adequate sputum sample

Subjects n 336
Age years 53±13
Female 55
BMI kg·m−2 28±5
Age at asthma onset years 45±15
Asthma duration years 3 (0–10)
Current or ex-smoker 54
Pack-years 1 (0–13)
ICS fluticasone equivalent µg 500 (250–500)
ACQ score 1.3±0.8
Atopy 32
Nasal polyposis 19
Post-bronchodilator FEV1 % pred 97±18
Post-bronchodilator FEV1/FVC % pred 93±12
FeNO ppb 23 (13–42)
Total IgE kU·L−1 56 (18–216)
Blood neutrophils ×109 cells·L−1 4.3±1.7
Blood eosinophils ×109 cells·L−1 0.2 (0.1–0.3)
Sputum neutrophils % 66.3 (45.4–82.3)
Sputum eosinophils % 0.8 (0.1–6.6)

Data are presented as mean±SD, percentage or median (interquartile range), unless otherwise stated.
BMI: body mass index; ICS: inhaled corticosteroid; ACQ: asthma control questionnaire; FEV1: forced
expiratory volume in 1 s; % pred: % predicted; FVC: forced vital capacity; FeNO: exhaled nitric oxide fraction;
Ig: immunoglobulin.
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TABLE 2 Diagnostic accuracy of the biomarkers in the complete group

Test AUC
(95% CI)

Positivity
threshold

Sensitivity
(95% CI)

Specificity
(95% CI)

PPV (95% CI) NPV (95% CI) True
positive

False
positive

False
negative

True
negative

FeNO 0.82 (0.77–0.87) ⩾12.2 ppb 0.96 (0.90–0.99) 0.28 (0.22–0.34) 0.41 (0.35–0.47) 0.92 (0.82–0.97) 108 154 5 59
⩾64.5 ppb 0.39 (0.30–0.49) 0.95 (0.92–0.98) 0.81 (0.68–0.90) 0.75 (0.69–0.80) 44 10 69 203

Blood eosinophils 0.83 (0.78–0.87) ⩾0.09×109 cells·L−1 0.96 (0.90–0.99) 0.26 (0.20–0.33) 0.40 (0.34–0.46) 0.92 (0.81–0.97) 108 161 5 57
⩾0.41×109 cells·L−1 0.36 (0.27–0.46) 0.95 (0.91–0.97) 0.79 (0.65–0.88) 0.74 (0.69–0.79) 41 11 72 207

Total IgE 0.69 (0.63–0.75) ⩾13.5 kU·L−1 0.96 (0.90–0.99) 0.28 (0.22–0.34) 0.41 (0.35–0.47) 0.92 (0.82–0.97) 110 157 5 60
⩾763.5 kU·L−1 0.08 (0.04–0.14) 0.95 (0.92–0.98) 0.47 (0.25–0.71) 0.66 (0.61–0.71) 9 10 106 207

FeNO + blood eosinophils 0.87 (0.83–0.91) ⩾0.095# 0.95 (0.90–0.99) 0.39 (0.32–0.46) 0.45 (0.39–0.52) 0.94 (0.86–0.98) 106 129 5 82
⩾0.70# 0.46 (0.36–0.56) 0.95 (0.91–0.98) 0.84 (0.71–0.91) 0.77 (0.71–0.82) 51 10 60 201

Data are presented as n, unless otherwise stated. n=336. AUC: area under the curve; PPV: positive predictive value; NPV: negative predictive value; FeNO: fraction of exhaled nitric oxide;
Ig: immunoglobulin. #: All test combinations were log transformed; these values correspond to an individual’s probability of sputum eosinophilia, as determined by the formula provided
in online supplementary figure E3.

TABLE 3 Diagnostic accuracy in in patients with different asthma phenotypes

Obesity Atopy Asthma severity Smoking status

Nonobese Obese p-value Nonatopic Atopic p-value Mild–moderate Severe p-value Never-smoker Ex- or current
smoker

p-value

Eosinophilia
(<3%/⩾3%)

154/82 66/34 0.90 153/74 67/42 0.28 161/58 58/57 <0.01 103/51 117/65 0.62

FeNO 0.83 (0.77–0.88) 0.78 (0.68–0.89) 0.46 0.83 (0.77–0.89) 0.78 (0.69–0.88) 0.40 0.81 (0.74–0.88) 0.83 (0.75–0.91) 0.67 0.84 (0.77–0.90) 0.81 (0.73–0.88) 0.52
Blood
eosinophils

0.83 (0.77–0.89) 0.82 (0.73–0.91) 0.82 0.83 (0.77–0.89) 0.83 (0.74–0.91) 0.99 0.82 (0.76–0.89) 0.80 (0.72–0.89) 0.73 0.86 (0.79–0.93) 0.80 (0.73–0.87) 0.23

IgE 0.73 (0.67–0.80) 0.59 (0.47–0.70) 0.03 0.75 (0.68–0.82) 0.57 (0.46–0.68) <0.01 0.68 (0.61–0.76) 0.66 (0.56–0.76) 0.70 0.64 (0.55–0.73) 0.74 (0.66–0.81) 0.13
FeNO + blood
eosinophils

0.88 (0.83–0.93) 0.85 (0.76–0.93) 0.55 0.88 (0.82–0.92) 0.85 (0.77–0.93) 0.63 0.86 (0.81–0.92) 0.85 (0.78–0.92) 0.81 0.88 (0.82–0.94) 0.86 (0.80–0.92) 0.64

Data are presented as n or area under the curve (AUC) (95% CI), unless otherwise stated. AUC (95% CI) is given per biomarker in every subgroup. The difference between the AUCs for
every biomarker is compared within the separate subgroups and the result depicted as p-value. Bold type represents statistical significance. FeNO: exhaled nitric oxide fraction; Ig:
immunoglobulin.
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and blood eosinophils into one model improves the overall diagnostic accuracy. The results suggest that
FeNO and blood eosinophils (but not total IgE) can be used to confirm or exclude sputum eosinophilia
with high certainty in up to half of adult asthma patients, irrespective of asthma phenotype.

The present study is the first to compare the diagnostic accuracy of FeNO, blood eosinophils, total IgE and
their combinations between different adult asthma phenotypes. Previous studies have mainly investigated
the diagnostic accuracy of these biomarkers in general asthma populations. Our findings in the total study
group of asthma patients on FeNO, blood eosinophils and total IgE are in line with the results of these
previous studies, which we recently summarised in a systematic review [26], in which we found a pooled
AUC of 0.75 for FeNO, 0.78 for blood eosinophils and 0.65 for total IgE. Our findings on FeNO and blood
eosinophils are more promising than those of two other recent reports [10, 27] in which the authors
concluded that FeNO and blood eosinophils lack sufficient sensitivity or specificity to be useful as markers
of sputum eosinophilia. In addition, we developed a combination model of FeNO and blood eosinophils,
which increased the diagnostic accuracy significantly compared to the separate markers. Adding four
clinical variables to the model further increased the AUC, although only to a very minimal extent. For
clinical purposes the use of two variables is obviously more practical.

The diagnostic accuracy of FeNO and blood eosinophils in detecting sputum eosinophilia was similar in the
different asthma phenotypes. This may be surprising, since remarkable differences in airway eosinophilia
and its associated cytokines and markers have been described in specific asthma subgroups; for example,
between obese and nonobese asthma patients [28]. One study showed more eosinophils in the airway
submucosa than in the airway lumen of obese patients with asthma, and higher levels of interleukin-5 in
bronchoalveolar lavage fluid [13]. Apparently, only a subset of obese asthma patients with eosinophilic
airway inflammation shows sputum eosinophilia. In our study, total IgE was relatively more accurate in
predicting sputum eosinophilia in nonobese patients compared to obese patients, but had lower diagnostic
accuracy than the other two biomarkers. Discordance between different biomarkers for airway eosinophilia
has been reported previously [17, 29]. More interestingly, discordance between various biomarkers of the
effects of anti-inflammatory therapy or ability to predict asthma attacks have also been noted [7, 29, 30].
These data suggest that discordance between biomarkers in different asthma phenotypes may point
towards different underlying mechanisms.

There was no significant difference in diagnostic accuracy of FeNO and blood eosinophils between atopic
and nonatopic patients. One previous study showed lower diagnostic accuracy for FeNO in nonatopic
patients than in atopic patients [8]. The discrepancy between these results and ours could be due to
differences in patient characteristics or the devices used to measure FeNO. The higher diagnostic accuracy
of total IgE in nonatopic patients compared to atopic patients might be related to different underlying
mechanisms. While eosinophilia in classical atopic asthma is likely to be T-helper (Th)2-cell driven and
includes higher basal IgE production, in nonatopic asthma there is accumulating evidence that activation
of eosinophils might be mediated by alternative pathways [14].

Patients with severe asthma often show discrepancies between airway and blood eosinophilia, which is
probably explained by their high doses of inhaled or oral corticosteroid treatment. We did not find a

FIGURE 1 Receiver operating
characteristic curves for exhaled nitric
oxide fraction (FeNO), blood eosinophils,
total immunoglobulin (Ig)E and a
combined model. n=336.
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difference in the diagnostic accuracy of blood eosinophils or FeNO between mild-to-moderate and severe
asthma patients, but previous studies have found conflicting results. One study found an AUC of blood
eosinophils of 0.55 in corticosteroid-treated patients and of 0.73 in untreated patients [31], whereas these
numbers were 0.75 and 0.62, respectively, in another study [10]. Three previous studies evaluated the
accuracy of FeNO among severe/treated and mild/untreated asthma patients [8, 10, 32]. None of them
found considerable differences in the differences in the AUCs. Remarkably, despite comparable AUCs for
FeNO and blood eosinophils in our study, the upper threshold range for blood eosinophils was relatively
wide due to the higher threshold in patients with severe asthma compared to the other asthma phenotypes
(tables 4 and E10). Apparently, a subset of patients with severe asthma shows elevated levels of blood
eosinophils without evidence of airway eosinophilia, which confirms previous findings [12]. Circulating
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FIGURE 2 Receiver operating characteristic curves for a) exhaled nitric oxide fraction (FeNO); b) blood eosinophils; c) total immunoglobulin E; and d) a
combined model (FeNO and blood eosinophils) in patients with different asthma phenotypes.
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eosinophils might serve as a reservoir in these patients, thereby maintaining airway inflammation, which
cannot be adequately suppressed by inhaled corticosteroids.

Smoking in asthma has often been associated with neutrophilic airway inflammation [15] and
enhancement of Th2 mediated inflammation [33], and has also been shown to be associated with reduced
FeNO levels [34]. Therefore, (ex-)smoking could have had an effect on the diagnostic accuracy of FeNO to
detect sputum eosinophilia [8, 9]. A previous study found a lower AUC for FeNO among smokers
compared to nonsmokers (0.63 versus 0.77) [8], but this was not the case in our study. This suggests that
even in smokers and ex-smokers FeNO can be used as a biomarker for sputum eosinophilia.

The major strength of our study is the large number and the extensive characterisation of the patients,
which enabled us to investigate clinical (sub)phenotypes of adult-onset asthma. Another strength is that we
reported biomarker thresholds at either high sensitivity or high specificity. These cut-off points are more
useful for practising physicians to confirm or exclude airway eosinophilia with high certainty. However, a
limitation of this approach is that this method only gives a clear outcome in up to half of the patients; the
remainder still need to undergo sputum induction to confirm or exclude sputum eosinophilia. Another
possible limitation of our study is the number of missing sputum samples, in particular in patients with
mild-to-moderate asthma. This limits the extrapolation of our results to all patients with adult asthma.
However, unsuccessful sputum induction in mild-to-moderate asthma might be indicative of a low level of
sputum eosinophils, which fits in with the observed lower level of blood eosinophils in this group.

Our study has clinical implications. First, it shows that in a large subset of adult patients airway
eosinophilia can be identified with high certainty by using FeNO and blood eosinophils instead of induced
sputum. Second, it shows that the accuracy of these biomarkers is similar in various subtypes and
severities of asthma. Currently, FeNO and blood eosinophils are mainly used in clinical trials to identify
patients with eosinophilic asthma who are eligible for treatment with novel targeted therapies. For example
for mepolizumab, a blood eosinophil cut-off of >0.15×109 cells·L−1 was introduced to detect eosinophilic
asthma and predict reduction of asthma exacerbations [35]. Our data show that this is an adequate
threshold to detect eosinophilia, since an eosinophil count <0.09×109 cells·L−1 is associated with absence
of airway eosinophilia in 92% of patients. Still, consensus about the respective biomarker thresholds is
needed, as well as an algorithm and external validation that incorporates a combination of biomarkers.

In conclusion, we showed that FeNO and blood eosinophils have a comparable diagnostic accuracy to
identify airway eosinophilia in adult asthma patients irrespective of phenotypic characteristics such as
asthma severity, atopy, obesity and smoking status, and, possibly, irrespective of underlying pathways
leading to airway eosinophilia. In future clinical trials and day-to-day practice both markers, preferably in
combination, may become the preferred method to assess eosinophilic airway inflammation and to guide
targeted treatment in adult asthma patients with different phenotypes.
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