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Background: Asthma guidelines allow anti-leukotriene medications to be used as an alternative to
inhaled corticosteroids (ICS) in second-step intensity therapy. The aim of the study was to analyze the
risk factors of exacerbations, particularly inflammatory markers, during the 12-month period following
therapy reduction from an ICS to montelukast in young patients with mild asthma.

Methods: A total of 84 patients (aged 7—18 years old) with mild asthma controlled by low-dose ICS, had
their treatment switched to montelukast. Exhaled nitric oxide (eNO), sputum eosinophils (sEos), and
bronchial hyperreactivity (BHR) were assessed at the beginning and then every three months throughout
the one-year period. The patients with asthma exacerbations (first severe or third mild) were dis-
continued from the study.

Results: Over the study period, 22 patients (26%) discontinued montelukast due to asthma exacerbations.
An increased risk of exacerbations was noted among patients with initial sEos above 2.5% (relative risk,
RR 36.6; 95% CI: 7.1—189.3; p < 0.001), as well as those with augmented BHR (RR 9.5; 2.8—31.6;
p < 0.001), or eNO greater than 20 ppb (RR 3.7; 95% CI: 1.3—10.7; p = 0.013). An increase in BHR and eNO
was observed during the last visit before exclusion.

Conclusions: After switching treatment from a low-dose ICS, montelukast maintained control of asthma
symptoms in 75% of patients. High sEos before the treatment change was the strongest exacerbation risk
factor. In patients with asthma controlled by low-dose ICS and low inflammatory markers, treatment
could be safely switched to montelukast.
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1. Introduction suggest a comparable efficacy with both drugs [4,5]. Moreover,

GINA experts emphasize the necessity to find lowest ICS dose to

GINA 2006 and subsequent updates allow the use of mon-
telukast as an alternative drug in the second step of asthma man-
agement [1]. According to the last GINA edition, montelukast is
suitable for patients not willing or unable to use ICS, experienced
important side-effects, or have concomitant allergic rhinitis [1].
Authors of the guidelines base their recommendations on studies
comparing the anti-inflammatory potency of the LTRA and low-
dose ICS. However, consensus PRACTALL and Australian guide-
lines recommend anti-leukotrienes as a good equivalent to low-
dose inhaled corticosteroids [2,3]. In particular, some reports
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maintain control of symptoms, but tapering ICS may increase the
risk of uncontrolled asthma symptoms. In recent GINA Guidelines,
sputum eosinophilia and airway hyperresponsiveness are
mentioned as increasing the risk of future exacerbations, even if
asthma is well controlled by current treatment. In patients with
persistent eosinophilic inflammation this risk may occur during the
reduction of treatment, or after exposure to triggers as allergens or
smoking. Other important risk factors are low FEV1, comorbidities
and exposure to smoking or allergens. Additionally, complete
cessation of ICS therapy is associated with increased risk of
exacerbations.

However, only few step-down studies have been performed in
children. Moreover, none of the current guidelines formulate spe-
cific recommendations for the switch from ICS to LTRA as a possible
strategy for inflammatory treatment reduction, and there is a lack
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of data on the possible risk of such modification. Montelukast
provides a good control of symptoms in the majority of mild
asthma cases [6,7]. However, the data on the control of eosinophilic
inflammation by montelukast is scarce and applies mainly to adults
[8,9]. In in vitro studies, montelukast has a beneficial effect on
eosinophilic inflammation in the context of chemotaxis and
apoptosis [10,11], but clinical studies have demonstrated only an
attenuation of inflammation [8,12,13]. Therefore, is unknown how
subclinical eosinophilic inflammation translates into early and late
sequelae of asthma, especially exacerbations. Additionally, there is
alack of data assessing the disease progression in the context of risk
(or success) factors of exacerbations following treatment reduction
in asthmatic children.

The aim of the study was to determine the risk factors of asthma
exacerbations after replacing ICS treatment with LTRA in children
with mild asthma. In particular, we investigated various inflam-
matory markers and control of airway hyperresponsiveness during
the year-long follow-up period.

2. Material and methods
2.1. Subjects

The study group consisted of children and adolescents diag-
nosed with mild asthma for at least two years. In that period (i.e. at
least one year prior to enrollment to the study), the disease activity
was confirmed by the measurement of nonspecific bronchial
hyperresponsiveness by a challenge with hypertonic saline after a
four-week break in ICS treatment. There were no asthma exacer-
bation during this short ICS withdrawal. Eligible patients: main-
tained control of asthma for at least one year using a low dose of
inhaled corticosteroid (budesonide 100 mcg or equivalent once a
day); had an FEV1 greater than 80% of predicted; no exacerbation
requiring systemic steroids within the last year; and no symptoms
of respiratory tract infection for one month. They were selected
from a pool of 133 patients with mild asthma from the Allergy
Clinic of The Regional Public Hospital in Lesko (Poland). There were
14 patients that were not included due to changes in asthma
symptom intensity; 7 did not receive ICS; 14 were non-compliant;
and 12 refused to participate in the study.

The study was approved by the Bioethics Committee of National
Institute of Tuberculosis and Lung Disorders (the approval number
KE-3/2009). Parents or guardians of all patients, and patients over
the age of 15 provided written consent to participate in the study
prior to its commencement.

2.2. Study design and assessment of inflammation

The study consisted of an initial two-week period of clinical
observation of the current treatment by low-dose ICS (running in)
and 12-month clinical follow-up after the change of treatment
(proper period of the study).

During the initial 2-week phase, patients continued their low-
dose ICS and kept a diary of daily and nocturnal symptoms,
including the use of beta-agonists, medical intervention, and
measured PEFR (Personal Best) twice a day.

At the end of the initial period, patients’ asthma control on low
—dose ICS therapy was evaluated by the physician according to the
GINA criteria and using the ACT test (version for adults and older
children). Only patients with good asthma control and an ACT
result of 20 points or greater were included in the switch to LTRA,
and baseline values of monitored parameters were calculated.

The fraction of nitric oxide in exhaled air (eNO) was measured
using an electrochemical-based Medisoft HypAir FE (NO) device
(Medisoft SA, Belgium). The measurements were performed at an

expiratory flow rate of 50 mL/s and the duration of exhalation was
at least 6 s to ensure a stable eNO level. Three measurements were
obtained for all subjects, and the mean value was recorded as the
level of eNO [14].

Next, spirometry was performed (Easy One - Medizin Technik
Schweiz) according to the ATS/ERS guidelines [15], with at least
three correct forced exhalations. FEV1 (forced expiratory volume in
1 s), FVC (forced vital capacity), and MMEF (maximal mid-
expiratory flow) were retained for analysis.

Next, the induction of sputum and measurement of airway
hyperresponsiveness to hypertonic saline was performed at a single
stage using the combined method [16]. The test consisted of 8 cy-
cles of inhalation of 4.5% sodium chloride: 30 s, 30 s, 1 min, 2 min,
and then four times for 4 min. FEV1 was measured at 1 min after
each cycle and sputum expectoration was attempted. The proce-
dure was terminated after the last inhalation or earlier if the FEV1
fell by more than 15%.

The induced sputum was processed according to the method
described by the Polish recommendations in Ref. [17]. The sputum
was initially assessed macroscopically for plugs at the time of
collection. Total cell counts were determined, and cytospin slides
were prepared. An adequate specimen was defined as one pro-
ducing countable cytospin slides for an estimation via differential
cell count, with minimal squamous contamination (<50%) and
pulmonary macrophages present. A differential cell count was ob-
tained from 200 cells on May-Grunwald-Giemsa stained slides.

The dose-response slope (DRS) was calculated as the ratio of
reduction of FEV1 (% of initial value) by volume of the sodium
chloride inhaled (mL) [18].

Upon the completion and analysis of these tests, the anti-
inflammatory treatment was changed in all patients from 100
mcg/day of budesonide to a montelukast dose of either 5 mg
(children under 15) or 10 mg (children over 15).

Patients kept a diary of daily observations of asthma symptoms,
use of beta-agonists and PEFR measurements performed during the
12-month follow-up period for the first three months, and then
continuously for four weeks straight prior to further testing at 6, 9,
and 12 months. Moreover, patients reported to their primary
physician every four weeks during the first 12 weeks of the study
for the evaluation of asthma control according to the GINA guide-
lines [1] and the ACT tests. Measurement of nitric oxide in exhaled
air and spirometry were performed during these visits.

Further visits conducted every three months included a
spirometry measurement, determination of nitric oxide levels,
bronchial hyperresponsiveness, and induced sputum collection.
During these visits, a question regarding compliance was always
asked, and physicians insisted that the patient take all prescribed
doses. Monthly phone interviews were also carried out with the
patients’ parent or guardian to inquire about the child’s well-being,
results of observations, and compliance.

2.3. Definitions of an exacerbation

Participation of the patient in the study was terminated upon an
occurrence of the first severe exacerbation or third mild exacer-
bation [19]. A severe exacerbation was diagnosed in patients if
there was a decreased PEFR of more than 30% of baseline during
two consecutive days or need for systemic steroids (oral prednisone
1 mg/kg for seven days) prescribed by a physician in addition to
beta-agonists. Patients were diagnosed with a mild exacerbations if
their PEFR decrease was in between 20% and 30% of the average
baseline for two consecutive days, if they needed to use more than
three additional inhaled SABA doses per day, or there was an
occurrence of nighttime awakenings (or early in the morning) due
to asthma symptoms. Therefore, beta-agonists were given ad-hoc
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and for the first two episodes, during which inhaled corticosteroids
(2 x 200 mcg budesonide) were administered for seven days.

The primary study endpoint consisted of the inflammatory
markers (sputum eosinophilia, the level of eNO, and airway
hyperresponsiveness), analyzed within 12 months after the treat-
ment modification. Secondary endpoints included the following
clinical criteria: 1) symptoms score and use of beta-agonists; 2)
days with asthma symptoms and medication intervention; 3) the
patient’s self-ACT test; 4) measurement of PEFR; and 5) spirometry
(FEV1, FEV1/FVC, and MMEF).

2.4. Data analysis

Based on the initial two week period (when patients continued
treatment with a low dose ICS) baseline values of inflammatory
markers and BHR were calculated, as well as spirometry, PEFR, and
clinical parameters.

The initial values of the parameters in patients who experienced
exacerbations leading to discontinuation from the study were
compared with those obtained in patients who completed the
study, searching for prognostic factors of exacerbations. The initial
values of the clinical parameters measured prior to the treatment
reduction and at the final visit were compared in patients with
exacerbations. In the group of patients who completed the 12-
month study period, we analyzed inflammatory and clinical
markers, comparing them to the initial values. Additionally, the
change in parameters in both groups was also compared.

2.5. Statistical analysis

The mean values for study groups were compared using a Stu-
dent’s t-test or Mann-Whitney U test after testing for the normality.
Distributions of patients were compared using a Chi-squared test.
Repeated measurements were compared using the Friedman test or
Wilcoxon test. The correlation of inflammatory markers was eval-
uated using Spearman’s rank order. The ability of each inflamma-
tory marker to discriminate between patients that were
discontinued due to exacerbations and those remaining in the
study was estimated by plotting receiver operating characteristic
curve (ROC). On an ROC curve, the optimal test positivity threshold
was determined as the point closest to “ideal point” (i.e., where
both sensitivity and specificity are 1) in the upper left corner of the
graph [20]. Additionally, positive predictive value (PPV, which
corresponds to percent of excluded patients among those with
elevated markers) and negative predictive value (NPV, percent of
remaining patients among those with low values) of inflammatory
markers were calculated.

All analyzes were performed using StatSoft Statistica version,
Inc. (2011), version 10.

3. Results

The preliminary study included 86 patients with mild asthma
aged 7—18 years (23 girls and 63 boys). There were no asthma
exacerbations during the run-in period. One patient was dis-
continued (during the study period) because of side effects
(abdominal pains), and another did not attend the subsequent
visits. Table 1 summarizes the characteristics of the remaining 84
patients included for further analysis.

eNO and DRS measurements were feasible for all children at all
study points. After inhalation of hypertonic saline, 11 patients (13%)
experienced a decline in FEV1 between 20% and 30% of their initial
value. None of the patients had a decrease in SpO2 and all recovered
quickly after the administration of salbutamol.

Adequate sputum was obtained at the initial visit in 72 patients

Table 1

Description of patients included in the study.
Age (years) 14.0 (5.0)
Boys 73.3%
Atopy 97.6%
Dust mite allergy 87.2%
Age of asthma onset (years) 44 (3.1)
Asthma duration (years) 9.0 (4.0)
Duration of treatment with ICS (years) 6.0 (3.0)
Symptom score 1.45 + 2.82
eNO (ppb) 21.0 (15.0)
Sputum eosinophilia (%)* 1.0 (4.0)
DRS 0.27 (0.40)
Rescue medication use (doses/2 weeks) 0.58 + 1.42
Days with symptoms (/2 weeks) 0.94 + 1.88
Days with rescue medication (/2weeks) 048 + 1.15
PEFR (% predicted) 104.8 (21.0)
ACT 25.0 (1.0)
FEV1 (% predicted) 97.0 (12.5)
FEV1/FVC (%) 86.0 (13.0)
MMEF (% predicted) 86.5 (27.0)

fn=72

(85.7%), and in 71.8%—90.3% of subjects during control visits.
3.1. Exacerbations and clinical features

Severe exacerbations occurred in 10 patients (11.9%) during the
year-long treatment with montelukast, after a median time of 17
weeks after switching from low doses of ICS. The average rate of
severe exacerbations was 0.12 of exacerbations per patient/year.
There were 81 mild exacerbations in total: 3 exacerbations
occurred in 12 patients (leading to discontinuation from the study,
after the median time of 23.3 weeks); two exacerbations occurred
in 8 patients; and 29 patients had one mild exacerbation. As a
consequence, 22 patients were discontinued due to exacerbations
(26.1%, 13 boys and 9 girls), according to the study protocol. The
median time that elapsed between the last visit and the exclusion
was 3 (IQR 2—9.8) weeks.

3.2. Clinical aspects

A total of 22 patients who were discontinued from the study due
to exacerbations had a significantly shorter disease duration
compared to the group which completed the study [7.7 (3.8) vs. 9.0
(4.8), p = 0.006), but treatment period with ICS did not differ
significantly [5.0 (2.8) vs. 6.0 (4.0), p = 0.11). The median ACT score
at the last visit prior to exacerbation remained in the range of good
asthma control [23.5 (3.0)] but was slightly lower than final values
of patients who completed the study [25.0 (1.0), p = 0.02].

Similarly, the number of days with rescue drugs in the last
measurement before the discontinuation was higher than the
initial (1.9 + 2.0 vs. 0.4 + 0.9, p = 0.029), but not significantly
different than the final in patients who completed the study
(0.6 + 24, p = 0.072). Consequently, the amount of salbutamol
inhalation in the last measurement prior to exacerbation leading to
discontinuation was higher than the initial (3.4 + 3.7 vs. 0.5 + 1.0,
p = 0.038) and final of the patients who completed the study
(0.8 + 2.7, p = 0.049). The initial values of other clinical and
spirometric indices did not differ significantly between the groups.

3.3. Inflammatory markers

An adequate amount of sputum at the beginning of the study
was obtained in 16 of the 22 patients (73%), who were later dis-
continued because of exacerbations. Comparisons of the initial and
final values between the discontinued patients and the group who
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completed the study are shown in Table 2.

According to ROC curves (Fig. 1), optimal cut-off points were
2.5% for sEos, 20 ppb for NO, and 0.25 for DRS. Conferring to
established cut-off points, 23 of 72 patients (32%) had eosinophilia
values above 2.5% at the initial visit, elevated DRS (above 0.25) was
observed in 38 patients (45%), and eNO values above 20 ppb in 42
patients (50.0%). Sensitivity, specificity, positive predictive value
(PPV), negative predictive value (NPV), and the relative risk (RR) of
initial values of inflammatory markers as risk factors of exclusion
due to exacerbations are shown in Table 3. Two of the 49 patients
with eosinophilia <2.5% were discontinued, as well as 14 out of 23
with a higher eosinophilia (p < 0.001).

Four of the 46 patients with low bronchial responsiveness and
18 out of 38 with a bronchial hyperresponsiveness (p < 0.001) were
discontinued. We also discontinued 6 of the 42 patients with
normal eNO and 16 out of 42 with elevated nitric oxide (p = 0.013).

A significant increase in eNO was observed in last measurement
prior to the last exacerbation [26.0 (15.0) vs. 39.0 (31.0), p = 0.013],
as well as in DRS [0.55 (0.53) vs. 2.06 (3.46), p = 0.01], but sEos did
not increase significantly [5.8 (4.6) vs. 7.3 (5.0), p = 0.13].. [Table 2].

3.4. The outcome of inflammatory markers and
hyperresponsiveness in patients remaining in the study

In the group of 62 patients (74%) treated during the 12 months
on montelukast, significant changes in inflammatory markers were
observed in the measurements performed every three months
(Table 4 and Fig. 2).

In contrast, clinical or spirometric indices did not differ signifi-
cantly between the initial and periodic measurements.

Before the reduction treatment (i.e., during treatment with low
dose ICS) there was no correlation between sEos, eNO, and DRS, as
well as in the exacerbation group during the entire study.

During treatment with montelukast, sEos and eNO correlated at
each point of the measurement in the group without exacerbations
(p < 0.05, Spearman rank order test: r from 0.32 to 0.48). Sputum
eosinophilia was also correlated with airway hyperresponsiveness,
but only after 6 and 12 months of treatment with montelukast
(Spearman: r = 0.34, p = 0.016, and r = 0.30 and p = 0.023
respectively), but not after 3 and 9 months (r = 0.16, p = 0.24 and
r = 0.09, p = 0.46 respectively). Airway hyperresponsiveness did
not correlate with eNO at any stage of the study.

4. Discussion

In our study, inflammatory markers were analyzed in a group of
young patients with mild asthma after switching the treatment
from low-dose ICS to LTRA, and divided into subgroups with and

Table 2
Comparisons of the initial and final values between the discontinued patients and
those who completed the study.

Excluded Completers p
sEos — baseline 5.8 (4.6) 0.70 (2.0) <0.001
final sEos 7.3 (5.0) 2.0(3.5) <0.001
Change in sEos 2.6 (7.3) 0.5 (4.0) 0.426
DRS — baseline 0.55 (0.53) 0.22 (0.29) <0.001
Final DRS 2.06 (3.46)* 0.29 (0.38) <0.001
Change in DRS 1.55 (3.33) —0.02 (0.47) <0.001
eNO — baseline 26.0 (15.0) 18.5(12.0) 0.03
Final eNO 39.0 (31.0)* 24.5 (15.0) 0.03
Change in eNO 7.5 (20.0) 5.0 (21.0) 0.28

*p < 0.05 compared to baseline.
2 8 patients.
b 11 patients (excluded after 3 months).

1,00 proyp B
sensitivity ;

0,00 0,20 0,40 0,60 0,80 1,00
1-specificity

Fig. 1. Receiver operating characteristic (ROC) curves showing the relationship be-
tween specificity and sensitivity for different cut-off points of inflammatory markers.
sEos — sputum eosinophils, DRS — dose — response slope, eNO — exhaled nitric oxide.
Point with the greatest distance from the “chance” diagonal line represents the
maximum combined value of sensitivity and specificity achieved with the marker.

Table 3
Sensitivity, specificity, positive and negative predictive values, relative risk and area
under ROC for calculated cut — off points.

Sensitivity  Specificity PPV NPV RR  Area under ROC

sEos > 2.5 87.5 83.9 609 959 36.6 092
DRS > 0.25 81.8 67.7 474 913 95 0.0
eNO > 20 ppb  72.7 58.1 38.1 857 3.7 0.61

without asthma exacerbations. The main objective of the study was
to determine the risk factors for the failure of such a change in
treatment. An initial sputum eosinophilia above 2.5% and airway
hyperresponsiveness (DRS > 0.25) prior the reduction of the
treatment were major risk factors for exacerbations. They had high
both specificity and a negative predictive value, which suggests that
children on low-dose ICS with low values of the inflammatory
markers can be safely subjected to a change in treatment.

Exacerbations leading to exclusion from the study were re-
ported in a quarter of our patients; half of which occurred within
the first three months [21]. This suggests that the first months after
treatment reduction is the period of greatest exacerbation risk,
requiring particular attention. The average rate of severe exacer-
bations was 0.12 per patient/year and is similar to the data of
children and adults in other yearly studies on the treatment of
montelukast [6,22]. However, the proportion of severe exacerba-
tions in our study (11.9%) was about 50% lower than in 74 subjects
with the placebo group in the annual study of mild asthma in
children (TREXA Study, 23%) [23]. This can be explained by both the
anti-inflammatory activity of montelukast received by our patients,
as well as slight differences in initial asthma severity or patient
exposure. In our group of patients, exacerbations were mostly
experienced by patients with a shorter duration of illness. However,
the initial clinical and spirometric data were not predictive of
exacerbation or the age of asthma onset, contrary to that observed
in adults [24].

In our study, induced sputum eosinophilia before the change in
treatment was a major predictor of the risk of exacerbations. High
eosinophilia (above 2.5%) increased the risk of failure after the
change of therapy from low-dose ICS to montelukast 36.6-fold. In
addition, the percentage of eosinophils in the sputum cytology
related to an increased risk of exacerbations (>2.5%), was similar to
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Table 4
Changes in inflammatory markers in patients remaining in the study.
Baseline 3 months 6 months 9 months 12 months

Patients with successful sputum induction 56 (90.3%) 53 (85.5%) 45 (72.6%) 55 (88.7%) 56 (90.3%)
Median of eosinophilia (IQR) 0.7 (2.0) 0.5 (2.0) 1.0 (2.0) 2.0 (3.8)" 2.0 (3.5)*
% of patients with sEos>2.5 17.9 15.1 20.0 43.6 375
Median of DRS (IQR) 0.22 (0.29) 0.19 (0.34) 0.30 (0.27) 0.23 (0.45) 0.29 (0.37)
% of patients with DRS>0.25 41.9 40.3 61.3 48.4 51.6
Median of eNO (IQR) 18.5 (12.0) 16.5 (12.8) 29.0 (24.5)** 28.0 (21.0)** 24.5 (14.5)**
% of patients with eNO>20 41.9 37.1 61.7 67.7 58.1

*p < 0.05, **p < 0.01 compared to baseline; Wilcoxon test.

70

%

60

50

40

30

20

—©—sEo0s>25

-+-DRS>025 —A—eN0>20

baseline 3 months 6 months 9 months 12 months

Fig. 2. Percent of subjects with increased inflammatory markers in patients on mon-
telukast remaining in the study (n = 62).

other studies [25]. In a group of 72 healthy children, the upper
confidence limit of sputum eosinophils was 2.52% [25] and sputum
eosinophils were higher in asthmatic patients than in normal
children. In other reports, initial eosinophilia was also a risk factor
for exacerbations after a dose reduction or discontinuation of ICS
[26—29]. In a small group of 15 adults who were the subjects of an
eight-week observation after ICS dose reduction, Jatakonon et al.
[26] found increased baseline sputum eosinophils in the subgroup
with subsequent asthma exacerbations. Similarly, DeMore et al.
[27] noted that a high sputum eosinophilia promoted more severe
infective symptoms after experimental rhinovirus inoculation in 20
adult asthmatics not receiving ICS. Furthermore, Giannini et al. 28]
in well-controlled adult asthmatics on low-dose ICS demonstrated
higher sputum eosinophilia in patients who developed asthma
symptom recurrence after withdrawal of therapy for three months
than in those who remained asymptomatic. In another study in
adults, an increase in eosinophilia greater than 0.8% in the sputum
tested two weeks after discontinuation of ICS was a highly sensitive
predictor of subsequent asthma exacerbation [29].

In our study, there was no significant increase in sputum
eosinophilia in the last measurement before exacerbation (Table 2).
However, the observed values were significantly higher than the
final sEos of patients remaining in the study. The lack of significant
change in sEos before exclusion from the study can be explained by
the time elapsed between the measurement and the final exacer-
bation. In this period, an increase in bronchial inflammation could
occur, but this change was not evaluated.

In the present study, initial airway hyperresponsiveness was
another important predictor of exacerbation, increasing the risk
9.5-fold. Higher DRS values (relative to baseline) were also

observed before the exacerbation. In the patients remaining in the
study, montelukast protected against increases in bronchial hy-
perreactivity (Table 2), and this finding is also supported by data
from the literature [30]. This means that a simple, cheap and safe
provocation test with hypertonic saline can be used when deciding
on the reduction of anti-inflammatory therapy (alternatively to
sputum induction). Only 13% of our patients experienced a drop in
FEV1 exceeding 20%, and all recovered quickly after salbutamol.
Combined method of sputum induction allows to gather informa-
tion about BHR and sputum cells in a single step. Additionally,
repeated measurements during long-term observation can be used
to monitor the risk of future asthma exacerbations.

The lack of a correlation between the initial values of airway
hyperresponsiveness and sputum eosinophilia confirms they are
different measures of inflammation. However, each of these in-
dicators was an important exacerbation risk factor. Bronchial hy-
perreactivity is considered a distinct pathophysiological feature of
asthma, associated to a greater extent with the infiltration of
smooth muscle with mastocytes than mucosal eosinophilia [30]. It
is believed that hypertonic saline challenge is a better evaluation of
the impact of montelukast on the bronchial hyperreactivity than
other indirect challenge tests (adenosine, mannitol), as the main
mediators triggered in this challenge are leukotrienes [31].

The optimal cut-off point for eNO as a predictor of exacerbation
was a value of 20 ppb, which is slightly lower than commonly
accepted a level of 25 ppb [32]. However, 20 ppb is a cut-off level
recommended by ATS for children [14], as eosinophilic inflamma-
tion is less probable in this case [33]. In our study, eNO values above
20 ppb had a relatively low positive predictive value for predicting
exacerbations (38%). In the only other published study available
concerning the annual montelukast treatment in children, baseline
eNO was not a risk factor for exacerbation [22]. In other research
models (reduction or discontinuation of ICS), the initial measure-
ment of eNO had no value in predicting exacerbations in children
[33,34] or adults [26]. However, in our study, we noted an increase
of eNO before exacerbation in relation to the initial value, and this
observation is in agreement with other published literature
[33—35].

No correlation was found between the initial values of sEos and
eNO during ICS treatment, which may mean that a single, simple
measurement of eNO has much less practical value and cannot
replace the measurement of sputum eosinophilia during ICS dose
reduction. In our study, 62% of patients with initial values of eNO
greater than 20 ppb did not develop exacerbations. A similar
observation was carried out by Zacharasiewicz et al. in more than
30% of a group of 40 children, observed during the ICS dose
reduction [34]. Furthermore, they found that low levels of eNO
(contrary to the absence of sputum eosinophilia) were also not
always a guarantee of the successful treatment reduction as 20% of
their patients with low eNO lost control of asthma. Therefore, 14%
of asthmatics with low initial eNO were excluded from our study.
Similarly, in a prospective 1.5-year study by Gelb et al. [36], 9 of 27
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adults with moderate to severe asthma (33%) receiving ICS devel-
oped asthma exacerbation despite the low eNO levels (<28 ppb).

In the majority of our patients (3/4 of the whole group), mon-
telukast provided good control of asthma symptoms during the
one-year observation period. In the same way, the initial and final
clinical and spirometric parameters did not undergo major changes
in the patients remaining in the study. Despite this, during the one
year of observation after switching treatment to montelukast, a
gradual increase of inflammatory markers was observed (eNO,
sEos) after the first three months. In particular, induced sputum
eosinophilia increased significantly in the third and fourth quarter,
which may constitute a potential risk of loss of control and/or ex-
acerbations in the future and requires further observation.

Previous studies evaluating the effect of montelukast on eosin-
ophilic inflammation are short-term observations in select groups
of adults with initially elevated eosinophilia, and not previously
treated with ICS. In such patients, only a reduction in eosinophilic
inflammation was observed, without normalization of sEos
[8,12,13]. In contrast to these observations, 84% of the patients
remaining in our study had an initial eosinophilia below the
established cut-off value. It seems that only the accumulation of
pro-inflammatory factors (i.e., allergens or infections) caused that
selective and relatively weak anti-inflammatory activity of mon-
telukast, became insufficient after a few months. This suggests that
the eosinophilic airway inflammation after switching therapy from
ICS to montelukast increases more slowly than in other test models
(e.g., cessation or rapid reduction in the dose of ICS). The earliest,
clear and reproducible increase was observed for eNO, another
common marker of inflammation. Following the treatment with
montelukast, sEos correlated with nitric oxide. Therefore, an early
increase in eNO may be a more rapid method of detecting uncon-
trolled inflammation than the rise in sputum eosinophilia. This may
indicate that in the long-term follow-up of patients treated with
LTRA, serial measurement of eNO could replace the time-
consuming study of sEos. The reasons for the relatively low corre-
lation coefficient (below 0.50) can be complex. First, sputum
eosinophilia originates from the central airways, contrary to eNO
reflecting inflammation also in the distal airways, which is the
location related to mild asthma [37]. Secondly, some studies indi-
cate that patients with increased eNO in exhaled air represent a
distinct Th2-dependent subphenotype involving IL-4 and IL-13 in
the inflammatory pathway [38]. Moreover, the blood and sputum
eosinophilia are associated with increased IL-5 activity [39]. Inter-
estingly, elevated eNO was also observed in non-eosinophilic
asthma responding to ICS [40]. Furthermore, elevated values of
eNO, unlike sEos, can also depend on constitutional factors not
related directly to asthma activity. However, weak effects of anti-
leukotriene drugs on the measured values of eNO were found in
two annual studies in both children and adults [22,41] compared to
ICS.

The following were notable limitations of this study: 1) this was
an open, prospective observational study, carried out in a single
center; 2) the patients’ compliance was determined using patient
self-report only; 3) a power calculation before the study was not
possible because of the lack of previous relevant data in children; 4)
we initially included 84 patients to the study, but our analysis was
based on only 22 exacerbation; and 5) although the primary
endpoint of the study was a comparison of inflammatory markers
in the subgroups of patients with and without exacerbations, the
lack of a placebo group made it difficult to interpret the changes.

5. Conclusion

Taken together, successful switching from low doses of ICS to
montelukast in mild asthma required both a good control of clinical

symptoms as well as overall asthmatic inflammation. Subclinical
eosinophilic inflammation was a risk factor for future exacerba-
tions, with induced sputum eosinophilia of 3% or more before the
treatment switch had the greatest predictive value. A similar but
smaller value was noted in the measurement of airway hyper-
responsiveness by an indirect method. Montelukast only partially
and selectively controlled the airway inflammation that extends
from the second quarter after a change of treatment. In addition,
nitric oxide was an early marker of subclinical inflammation, which
correlated with sEos in the course of treatment with montelukast.
Therefore, our findings indicate that young patients with asthma
controlled by low-dose ICS and negative results of inflammatory
marker measurements (i.e., sEos, BHR, and NO), treatment can be
safely reduced from ICS to montelukast.
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