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Background:  Although intranasal steroids and anti-
cysteinyl-leukotriene-receptor antagonists are efficacious
in the treatment of seasonal allergic rhinitis (SAR), com-
binations of these agents have not unequivocally been
demonstrated to be superior to the individual drugs. We
aimed to compare the efficacy and potential mechanisms of
budesonide nasal spray (BD), oral montelukast (MNT), and
combination therapy comprising a half-dose of budesonide
plus montelukast (hBD+MNT) in SAR patients.

Methods: We performed a single-center, randomized,
open-label study in SAR subjects (n = 100). Participants
were randomized to receive BD (256 ug), MNT (10 mg), or
hBD (128 g)+MNT for 14 days. Symptom severity scores,
nasal cavity volume (NCV), fraction of exhaled nitric oxide
(FeNO), eosinophil cationic protein (ECP), histamine and
cysteinyl-leukotrienes (CyslLTs), and T-cell subsets were
assessed before and after treatment.

Results: All treatments significantly improved symptoms
from baseline; however, hABD4+MNT produced significantly
greater improvements in nasal congestion compared with
BD or MNT alone. The BD and hBD+MNT groups had
fewer patients with uncontrolled symptoms and improved
NCV to a greater level than the MNT group. FeNO was

decreased to a significantly greater extent from baseline
after hABD+MNT treatment than after BD and MNT treat-
ments. ECP, histamine, and CysLTs showed significantly
greater decreases after BD and hBD+MNT treatments
than after MNT treatment. BD decreased T-helper 1 (Th1)
and Th2 cells and increased T-regulatory (Treg) cells in
nasal mucosa and MNT decreased Thi cells and increased
Treg cells in peripheral blood, and this trend was reflected

with hBD+MNT.

Conclusion: The hBD+MNT combination may have an
overall better efficacy profile than BD and MNT monother-
apy for treatment of SAR. © 2018 ARS-AAOA, LLC.
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llergic rhinitis (AR) is defined as symptoms of

sneezing, rhinorrhea, nasal obstruction, and pruritus
caused by immunoglobulin E (IgE)-mediated reactions
against inhaled allergens and involving mucosal in-
flammation, which is driven by T-helper 2 (Th2) cells.!
Epidemiologically, AR has become a global health problem
that exacts a heavy social and economic burden on both
the affected individual and society alike.?
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Given the troublesome impact of AR, successful treat-
ment of the condition is of particular importance. In clinical
practice, the commonly used anti-inflammatory agents,
such as intranasal steroids (INS), leukotriene-receptor
antagonists, and antihistamines, are recommended by
the Allergic Rhinitis and its Impact on Asthma (ARIA)
guidelines as the first-line choice for treating AR.? INS are
undoubtedly effective and safe anti-inflammatory agents,
which work by controlling the rate of protein synthesis
through binding to a single glucocorticoid receptor.’
However, the potential adverse effects of long-term use,
such as nasal burning, nasal dryness, sore throat and
headache, epistaxis, cataracts and glaucoma, and effects
on bone density and growth,>® may lead to lower compli-
ance in their use as prescribed when compared with other
drugs.® A more recent study from China investigating the
awareness of and phobias about topical corticosteroids in
parents of infants with eczema has indicated that “steroid
phobia” due to adverse effects may also contribute to lower
compliance.” The authors demonstrated that, although
95.7% of parents were very concerned about the side
effects of topical steroids, 42% of them did not use a
topical steroid ointment for recurrence of eczema because
of concerns about use of these agents.” Furthermore, INS
have a slow onset of action and require 1-2 weeks to
achieve maximum efficacy.® In contrast to INS, leukotriene-
receptor antagonists bind to cysteinyl-leukotriene receptors
to block the effect of cysteinyl-leukotrienes secreted in the
early and late phases of the AR process to attenuate nasal
allergy symptoms, particularly nasal congestion. These
agents were initially developed as a therapy for asthma,
although they are now increasingly being used in the
treatment of seasonal and perennial allergic rhinitis (SAR
and PAR, respectively).” Although studies comparing the
efficacy of INS and anti—cysteinyl-leukotriene receptor
antagonists have indicated INS to be more effective,'®!!
some studies investigating the efficacy of a combination
of these drugs have provided slightly conflicting efficacy
data in comparisons with monotherapy.'>!3> We have
conducted an open-label study to compare the efficacy
and safety of intranasal budesonide, oral montelukast,
and a combination of the 2 drugs in mugwort-sensitized
AR patients with moderate-to-severe seasonal AR during
the pollen season, as mugwort is the most prevalent
aeroallergen in northern China.'* However, in the present
study, for the combination therapy, we employed only half
the dose of budesonide in combination with another drug
to improve patient compliance of the drugs prescribed,
as this was an open-label study in outpatients, and to
reduce the risk of adverse effects and “steroid phobia”
among potential participants. In addition, we explored
the putative underlying mechanisms of the different
drugs by evaluating changes in the levels of inflammatory
mediators in nasal secretions and T-cell subsets in the nasal
mucosa and peripheral blood, before and after 2 weeks of
treatment.

Patients and methods
Study design

One hundred patients (age, 18-60 years) with moderate
to severe seasonal AR induced by mugwort, were recruited
into this single-center, randomized, open-label study from
the Outpatient Department at Beijing TongRen Hospital,
Beijing, China, during the mugwort pollen season from
July 2016 to September 2016. Severity of disease was clas-
sified according to ARIA guidelines,®> and sensitization to
mugwort allergen was confirmed using the serum-specific
IgE test (UniCAP; Phadia, Uppsala, Sweden). Atopy was
defined as IgE levels >0.35 kU/L. No patient had received
any therapy for AR or antibiotics for at least 7 days before
the study. All subjects were nonsmokers and without
asthma (based on patient history and pulmonary func-
tion testing results showing forced expiratory volume in
1 second [FEV;]/predicted >80%, forced vital capacity
[FVCl/predicted =80%, FEV{/FVC >70%, and negative
bronchodilator test results showing <12% and 200-mL im-
provement in FEV; from the pre-bronchodilator value after
B-agonist administration) or any other chronic disease.
Pregnant women were also excluded from the study.

Each eligible participant was allocated to 1 of the 3 treat-
ment groups according to a random number sequence set
ranging from 1 to 100, which was generated by computer
using SPSS version 22 (IBM SPSS Corp, Armonk, NY). The
patients were assigned a random sequence number con-
secutively at recruitment and then treated accordingly for
2 weeks with either: (i) 2 sprays of intranasal budesonide
(Rhinorcort; AstraZeneca AB, Cambridge, UK) at 64 ug
per spray twice daily (total 256 ug budesonide per day; BD
group); (ii) 1 tablet of 10 mg montelukast (Merck Sharp &
Dohme Australia Pty, Ltd, NSW, Australia) in the evening
(MNT group); or (iii) a combination of 2 sprays of BD in
the morning (1 spray per nostril, total 128 ug BD per day)
and 1 tablet of 10 mg MNT in the evening (hBD+MNT
group). At the beginning and end of treatment, the severity
of nasal symptoms (including nasal congestion, rhinorrhea,
itching, and sneezing) and eye itching was assessed using
a visual analog scale (VAS); nasal cavity volume (NCV)
was assessed by acoustic rhinometry; fractional exhaled
nitric oxide (FeNO) from lower airway was assessed using
a nitric oxide (NO) analyzer; and samples of nasal secre-
tions, nasal exfoliative cells, and peripheral blood were
collected for assessment of eosinophil cationic protein
(ECP), histamine, and cysteinyl-leukotrienes (CysLTs)
using enzyme-linked immunoassay (ELISA), and T-cell
subsets using flow cytometry (Fig. 1).

The study was approved by the medical ethics committee
of Beijing TongRen Hospital, and written informed consent
was obtained from each participant before enrollment in
the study.

Visual analog scale

All the eligible subjects were asked by an investigator to
complete a questionnaire detailing nasal and eye symptoms
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Assessed for eligibility

(n=114)

Excluded (n=7)

Declined to participate: 3

Did not meet inclusion: 4

Randomized (n=100)

Budesonide transnasal 4 sprays for 14

days (n=33) days

Montelukast oral per night for 14

Budesonide transnasal 2 sprays plus

Montelukast for 14 days (n=34)

Measurement of VAS, TNSS, nasal resistance (NAR), nasal cavity volume (NCV) and exhaled nasal nitric oxide (nNO) at
baseline and after 14 days, also collection of nasal secretions of secreted protein (ECP, Histamine, CysLTs) and exfoliated cells

from nasal inferior turbinate of nasal cells and blood samples (Th1, Th2, Treg)

Lost to follow-up

(n=5)

Lost to follow-up Lost to follow-up

(n=8) (n=3)

Completed study (n=28)

Completed study (n=26)

Completed study (n=31)

FIGURE 1. Study flowchart.

(including congestion, rhinorrhea, itching, sneezing, and
eye itching), and to score the severity of each symptom on
a VAS of 0-10 ¢m (0 = no symptoms and 10 = most severe
and bothersome symptoms). Individual and mean of total
symptom scores were recorded at baseline and again after
2 weeks of treatment. Any subject with a mean score of <4
(VAS <4 cm) at baseline was excluded from the study.

Acoustic rhinometry

Acoustic rhinometry (Hood Labs, Pembroke, MA) was
used to measure the total nasal cavity volume (NCV) ac-
cording to standardized recommendations.! The following
parameters were recorded for each nostril: nasal volume
from the first 2 cm (V2), from the the first 4 cm (V4), from
the first 6 cm (V6), from the segment between 0 and 5 cm
(V0-5), and from the segment between 0 and 7 cm (V0-7)
of the nose; and minimal cross-sectional areas between 0
and 2.2 cm (min1) and between 2.2 and 5.4 cm (min2). All
measurements were performed 3 times by the same opera-
tor, and nasal volumes were calculated as the sum of both
nostrils. '

Fractional exhaled nitric oxide

Exhaled NO concentration was measured using a NO an-
alyzer (Niox; Aereocrine, Solna, Sweden) at a constant
expiratory flow rate of 50 mL/s, according to American
Thoracic Society/European Respiratory Society (ERS/ATS)
guidelines.'® Before testing, the participants rinsed their
mouths with water and refrained from eating nitrate-rich
food for 2 hours, as doing so could affect the FeNO test
results. Each subject was seated in a comfortable posi-
tion, and instructed on the breathing technique during
the test. Briefly, NO-free air was aspirated at a flow rate
of 50 mL/s through the nasal cavity, via a central cav-
ity nasal olive fitted with a side port. The participant was
guided to exhale against the air resistance, resulting in an
intraoral pressure of approximately 10 cmH,O to close
the velum, and nasal gas from the circuit was continu-
ously routed via the side port directly into the FeNO an-
alyzer. The level of FeNO was recorded from a plateau
lasting for at least 3 seconds, and the test was repeated
3 times to obtain a mean concentration of FeNO (parts per
billion, ppb).

3
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Nasal secretions

Nasal secretions were collected and processed according to
the method of Watelet and colleagues.!” Briefly, nasal se-
cretions were obtained by inserting a sponge pack into both
sides of the nasal cavity for 5§ minutes, and the quantity of
secretions collected in each sponge was determined by cal-
culating the difference in the weight of the sponge before
and after insertion into the nasal cavity. After weighing,
1.5 mL of 0.9% sodium chloride was added to each sponge
and all sponges were stored at 4°C in a refrigerator for
at least 2 hours, before being transferred to a 5-mL BD
syringe. The bulk of the nasal secretions were forced out
of each sponge using the syringe piston, and the secretions
were centrifuged at 1500g for 10 minutes at 4°C. The su-
pernatants were separated and stored in eppendorf tubes
at —80°C until analysis for the levels of secreted proteins
by commercial ELISA kits, including ECP (Cusabio, Barks-
dale, DE), histamine (USCN Life Science, Wuhan, China),
and CysLTs (Abcam, Cambridge, UK).

Flow-cytometric analysis of T cells in nasal mucosa
and peripheral blood

Nasal cells were collected from the inferior turbinate of
each patient with a cytology brush (ThinPrep®; Hologic,
Marlborough, MA), by a few backward—forward and ro-
tatory movements under direct visualization of nasal en-
doscopic display. Each brush was placed in a 15-mL
centrifuge tube (Thermo Fisher Scientific, Waltham, MA)
containing 1 mL of distilled water. The brush was then
agitated gently to release the adhering sample into the
solution, which was subsequently centrifuged at 1500g
for 10 minutes at 4°C to separate the cells for further
analysis.

Peripheral venous blood samples (2 mL) were drawn
from each subject, and immediately transferred to sterile
heparin tubes.

Samples from the nasal mucosa and peripheral blood
were incubated with cell stimulation (eBioscience, San
Diego, CA) for 4 hours at 37°C. Lysing solution was added
only to the blood samples (BD Bioscience, San Jose, CA)
for 8 minutes in the dark followed by washing with iso-
tonic phosphate buffer. Before washing with the isotonic
phosphate buffer, both the nasal mucosa and peripheral
blood were incubated with permeabilizing solution (BD
Bioscience) for 10 minutes. Cells in both nasal mucosa and
peripheral blood were incubated with T-cell subset anti-
bodies (eBioscience) and evaluated by flow cytometry (At-
tune NxTFlow Cytometer; Thermo Fisher Scientific), ac-
cording to the manufacturer’s instructions. T-cell subsets
were selected for detailed phenotypic analysis as follows:
(1) Th1 cells were labeled as interferon-gamma-—positive
(IFN-y *)interleukin-4-negative (IL-4)~CD4" T cells; (2)
Th2 cells were labeled as IFN-y " IL-4TCD4" T cells; and
(3) Treg cells were labeled as CD4tCD25"CD127;
T cells.

TABLE 1. Demographic characteristics of subjects
of different treatment groups at baseline

Groups Gender? (male/female) Age® (years)
BD 16/12 3410 + 2.36
MNT 14/12 34.28 + 1.98
hBD+MNT 14117 38.38 + 2.09

@Data expressed as number.
bData expressed as mean + standard error of the mean.
BD = budesonide; hBD = half-dose budesonide; MNT= montelukast.

Safety assessment

The safety of treatment was based on the incidence and
severity of self-reported adverse events by the patients over
the course of the treatment period.

Statistical analyses

Sample size was established on the basis of preliminary
findings of mean (standard deviation, SD) values of VAS
in the BD and MNT treatment groups at 5.190 (1.903)
and 3.350 (1.891), respectively. The number of subjects in
each group was estimated according to the formula: N =
(e + np) o 1 81*(1 + 1/k), where @ = 0.05, B = 0.1,
o = 1.96, up = 1.28, 0 = [(S12 + $»%) /1 2]°° = 1.89, 8
=X; — X5 =5.19 — 3.35 = 1.84, and k = 1. Thus, the
number of subjects was calculated to be N = 23, and an
extra 20% of subjects were added to the group to allow for
uncontrollable situations, providing a total of 28 subjects
in each treatment group. Based on a ratio of 1:1:1 for each
treatment group (BD, MNT, and hBD+MNT), a sample
size of at least 84 would be necessary for assessment of
statistically significance differences between groups.

Statistical analysis was performed using SPSS version
22.0. Data are expressed as mean and standard error of the
mean (SEM). The sex ratio and number of patients with
uncontrolled symptoms after each treatment were calcu-
lated using the chi-square test. Comparisons within groups
of differences between baseline and after therapy were per-
formed by paired-samples ¢ test. Differences between base-
line values and posttreatment values in VAS, NCV, FeNO,
ECP, histamine, CysLTs, and T-cell subsets from nasal mu-
cosa and blood samples for the 3 treatment groups were
compared by one-way analysis of variance (ANOVA) and
Bonferroni’s # test if p < 0.05. A value of p < 0.05 (two-
tailed) was considered statistically significant.

Results

Clinical characteristics of patients
Overall, 100 subjects met the inclusion criteria and were
randomized to receive 1 of 3 different treatments for 2
weeks. The demographic characteristics of the treatment
groups are shown in Table 1, and indicate that the groups
were not significantly different with respect to age and sex
distribution of patients. A total of 15 patients (5 in the BD
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TABLE 2. Baseline values of study parameters for different treatment groups”

Characteristic BD (n = 28) MNT (n = 26) hBD-+MNT (n = 31) p value
Sneezing 6.821 £ 0.367 7.038 + 0.326 7.000 + 0.467 0.922
Rhinorrhea 5.286 + 0.454 6.192 + 0.456 6.597 + 0.425 0.106
Nasal block 5.375 £ 0.502 6.673 + 0.384 6.145 £+ 0.441 0.138
Nasal itching 5.250 + 0.476 5.519 £ 0.559 5.613 £ 0.475 0.867
Eye itching 4.893 £ 0.612 5.481 + 0.538 5.436 + 0.581 0.732
Average of total symptoms 5.525 + 0.259 6.181 + 0.304 6.100 + 0.313 0.241
NCV (cm®) 7.804 £ 0.164 7.213 £ 0.292 8.092 + 0.197 0.105
FeNO (ppb) 42.00 £+ 6.363 42.92 £+ 5.034 49.68 + 5.233 0.557
ECP (ng/mL) 19.44 + 3.582 17.33 + 2.434 13.31 + 1.844 0.279
Histamine (ng/mL) 0.612 £+ 0.085 0.723 £ 0.091 0.584 + 0.076 0.474
Cysteine leukotrienes (ng/mL) 1017 £ 1315 1279 +£ 177.7 951.4 £+ 1452 0.288

*Data expressed as mean + SD.

BD = budesonide; ECP = eosinophil cationic protein; hBD = half-dose budesonide; MNT = montelukast; SD = standard deviation.

group, 8 in MNT group, and 2 in the hBD+MNT group)
did not fully adhere to treatment and therefore did not
complete the study. The mean (SD) baseline values of all
study parameters for the remaining 85 patients in the 3
treatment groups are shown in Table 2. The groups were
not significantly different in any respect at baseline.

Clinical responses

All symptoms of AR were significantly improved from
baseline after treatment with BD, MNT, and hBD+MNT
(Fig. 2). However, assessment of improvements in symp-
toms between groups demonstrated that BD provided
greater improvements in sneezing, nasal block, nasal
itching, and average of total symptoms than MNT
(Fig. 2A, C, D, and F), but was not significantly better
than MNT for improving symptoms of rhinorrhea and
eye itching (Fig. 2B and E). Although combination therapy
with hBD+MNT demonstrated better efficacy in improv-
ing AR symptoms than BD or MNT alone, apart from
nasal obstruction (Fig. 2C), improvements in the other
symptoms were not significant.

Based on the classification by Hellings and colleagues,
in the present study we considered any subject with a symp-
tom score of >5 (based on VAS >5 cm) after 2 weeks of
treatment as an uncontrolled case. In this regard, the num-
ber of patients with uncontrolled symptoms was found to
be significantly greater after treatment with MNT than af-
ter treatment with BD (p = 0.012) or hBD+MNT (p =
0.01), with no significant difference between the BD and
hBD+MNT treatments (p = 0.521; Table 3).

8

Objective examinations of clinical nasal function
Objective assessments of nasal function demonstrate that
all treatments significantly improved NCV and reduced
FeNO concentrations from baseline (Fig. 3A and B). The

improvements in NCV were significantly greater in patients
receiving hBD+MNT (1.529 + 0.262) and BD (1.405 +
0.199) than in patients receiving MNT (0.677 + 0.261);
however, improvements in NCV were not significantly dif-
ferent between the hBD+MNT and BD treatment groups
(p = 0.712; Fig. 3A).

The concentration of FeENO was decreased to a signif-
icantly greater extent from baseline after treatment with
hBD+MNT compared with after treatment with BD and
MNT (p =0.0025 and p = 0.0098; Fig. 3B), with no signifi-
cant difference between the MNT and BD treatment groups
(difference between means: —1.635 + 3.990; p = 0.684).

Inflammatory mediators in nasal secretion

Data were not available for nasal secretions of all sub-
jects because relatively small amounts of individual sam-
ples were obtained in some patients. In this respect, over-
all, 16 samples were available for evaluation in each treat-
ment group, and 12, 10, and 15 samples were not available
in the BD, MNT, and hBD+ MNT groups, respectively.
In the evaluable samples, concentrations of ECP were sig-
nificantly decreased from baseline in all treatment groups
after 2 weeks (Fig. 4A). Similarly, the concentrations of his-
tamine and leukotrienes were significantly decreased from
baseline after 2 weeks in the BD and hBD+MNT treat-
ment groups, but not in the MNT treatment group (Fig.
4B and C). Moreover, the change in all mediators was sig-
nificantly greater in the BD treatment group than in the
MNT treatment group, but not significantly different from
thatin the hBD+MNT treatment group (difference between
means: —1.635 4 3.990; p = 0.684). In the BD treatment
group, concentrations of ECP, histamine, and leukotriene
were decreased from baseline by —11.87 £ 3.223 ng/mL,
—0.029 £ 0.062, and —636.1 £ 139.2 pg/mL, respectively;

5
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FIGURE 2. Change from baseline in individual and total scores (mean + standard error of the mean) for major symptoms of allergic rhinitis after treatment for
2 weeks with BD, MNT, and hBD+MNT. (A) Sneezing. (B) Rhinorrhea. (C) Nasal obstruction. (D) Nasal itching. (E) Eye itching. (F) Average of total symptoms.
*p < 0.05; **p < 0.01; NS, not significant. BD = budesonide; hBD = half-dose budesonide; MNT = montelukast.

and by —3.501 £ 1.700 ng/mL, 0.027 £ 0.102 ng/mL, and blood were collected for analysis of changes in T-

—200.6 £ 153.1 pg/mL, respectively, in the MNT treatment lymphocyte subsets. Th1 cells and Th2 cells were signifi-

group. cantly decreased and Treg cells significantly increased from

baseline in turbinate samples from patients treated with BD

. . ] and hBD+MNT (Fig. SA-C). In contrast, the numbers of

T-cell subsets in nasal cavity and peripheral blood these cell types were not altered from baseline by treatment
Topicalinferior turbinate exfoliative cells and peripheral with MNT.
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TABLE 3. Number of patients with uncontrolled symptoms
in the different treatment groups after 2 weeks”

BD MNT hBD+MNT
Characteristic (n = 28) (n = 26) (n=31) p value
Sneezing 1(36%) | 11(42%) 2 (6.5%) 0.000
Rhinorrhea 2(7.1%) 5 (19%) 2 (6.5%) 0.255
Nasal block 2(7.1%) 8 (30.7%) 0 (0%) 0.001
Nasal itching | 2 (7.1%) 4 (15%) 1(3.2%) 0.246
Eye itching 3(7.1%) 3 (12%) 1(3.2%) 0.431
Total 7(25%) | 16 (62%) 5 (16%) 0.001

*Data expressed as number (%).
BD = budesonide; hBD = half-dose budesonide; MNT = montelukast.

Assessment of T-cell subsets in blood samples demon-
strated that BD treatment did not significantly alter the
numbers of Th1, Th2 and Treg cells from baseline values
(Fig. 6A-C). Although MNT or hBD+MNT treatment also
did not significantly alter the numbers of Th2 cells from
baseline (Fig. 6B), both of these treatments significantly de-
creased Th1 cells (Fig. 6A) and increased Treg cells in the
peripheral blood (Fig. 6C).

Side effects

No side effects were reported by patients over the course of
the 2-week treatment period.

Discussion

Anti-inflammatory agents, such as corticosteroids and
leukotriene-receptor antagonists, are recommended by
ARIA guidelines® as the first-line choice for treating SAR.
However, it is still unclear whether combination therapy
with these drugs is superior to therapy with individual
drugs. In the present study, we compared the efficacy of
BD, a nasal steroid, and MNT, a cysteinyl-leukotriene re-
ceptor antagonist, both individually and in combination,
by assessing symptoms severity, nasal function, and inflam-
matory mediatory indices in patients with SAR during the
pollen season.

We found that both BD and MNT significantly improved
nasal symptoms compared with baseline, and that BD-
mediated improvements in symptoms, apart from rhinor-
rhea and eye itching, were significantly greater than MNT-
mediated improvement. These findings are in accordance
with those of Jindal and colleagues,'® who demonstrated
that treatment with intranasal fluticasone propionate was
significantly more effective than oral MNT in improving
asthma as well as rhinitis symptom scores in patients with
concomitant asthma and rhinitis.

Several studies have made a case for use of com-
bination therapy by demonstrating better efficacy than
monotherapy.'’ 121920 It is noteworthy that, in the present

A NCV
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£
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FIGURE 3. Change from baseline in objective clinical nasal function tests
(mean =+ standard error of the mean) after treatment for 2 weeks with BD,
MNT, and hBD+MNT. (A) NCV. (B) FeNO. *p < 0.05, **p < 0.01, NS, not
significant. BD = budesonide; FeNO = fractional exhaled nitric oxide; hBD
= half-dose budesonide; MNT = montelukast; NCV = nasal cavity volume.

study, we used only half the recommended dose of BD (hBD
128 ug) in combination with the recommended 10-mg dose
of MNT to explore the potential advantage of combina-
tion therapy over individual drug therapy. We found that
this hBD+MNT combination was significantly more ef-
fective than BD or MNT alone in attenuating the nasal
obstruction, but not other nasal symptoms of AR. It is pos-
sible that this effect on nasal congestion may be a conse-
quence of MNT inhibiting mucus production and mucosal
swelling brought about by increased vascular permeability
and blood flow to the mucosa, as reported previously for
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FIGURE 4. Change from baseline in concentrations of inflammatory mediators in nasal secretions after treatment for 2 weeks with BD, MNT, and hBD+MNT.
*p < 0.05; **p < 0.01; NS, not significant. (A) ECP. (B) Histamine. (C) CysLTs. BD = budesonide; CysLTs = cysteinyl-leukotrienes; ECP = eosinophil cationic

protein; hBD = half-dose budesonide; MNT = montelukast.

cysteinyl-leukotrienes.>>?? In the present study, objective
and quantitative assessment of nasal patency by measure-
ment of NCV, an objective measurement of mucosal con-
gestion and structural abnormalities,”® was also undertaken
to verify subjective findings for the improvement of nasal
blockage. In this regard, our study has confirmed subjective
findings that both BD and MNT expanded the nasal cavity
significantly after 2-week treatments and the hBD+MNT
combination therapy was better than either monotherapy.

Bousquet and colleagues®* reported that, although the
majority of patients present with controlled symptoms dur-
ing treatment, many remain uncontrolled, as indicated by
a cutoff value of =5 cm on a 0-10 cm VAS for symptoms
of severity. Based on this criterion, our study has shown
that groups treated with hBD+MNT combination therapy
and BD had significantly fewer patients with uncontrolled
symptoms and lower dropout rates than the group treated
with MNT alone. This finding suggests that, in addition to
being more efficacious, adherence and therefore compliance

with hBD+MNT combination therapy and BD alone was
also probably greater than adherence/compliance to MNT
alone.

The anti-inflammatory effects of different SAR thera-
pies have been investigated in several studies, as a va-
riety of inflammatory mediators have been shown to be
increased in allergic disease. Exhaled NO (eNO) is con-
sidered a marker of lower airway inflammation and in-
creased in asthmatic patients.”® Similarly, in AR patients,
eNO is increased during the pollen season.?® In accordance
with other studies,””>?® our study has also demonstrated
that FeNO concentration was significantly decreased from
baseline after treatment with oral MNT, as expected. How-
ever, to our surprise, we found that the topically applied
BD nasal spray also decreased FeNO concentration of the
lower airway. Although the mechanism by which intranasal
BD decreases NO in the lower airways is currently un-
known, this result nevertheless suggests that INS may be
suitable as adjunctive treatment for asthma patients as well
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FIGURE 5. Change from baseline in T-cell subsets in nasal turbinate mucosa after treatment for 2 weeks with BD, MNT, and hBD+MNT. (A) Th1 cells. (B) Th2
cells. (C) Treg cells. *p < 0.05, **p < 0.01, NS, not significant. BD = budesonide; hBD = half-dose budesonide; MNT = montelukast; Th cells = T-helper cells;

Treg cells = T-regulatory cells.

as AR patients with concomitant asthma. Moreover, we
have demonstrated that the hBD+MNT combination treat-
ment was significantly better at decreasing FeENO concen-
trations than BD and MNT treatments alone. This finding is
in accordance with the findings of Ghiro and colleagues,?’
who investigated the effect of adding MNT to maintenance
therapy with inhaled corticosteroids (ICS) for 3 weeks in
asthmatic children, and demonstrated that there was a sig-
nificantly greater reduction in FeNO values in children re-
ceiving MNTHICS therapy, compared with children receiv-
ing ICS alone.

ECP, released by activated eosinophils, has also been
shown to be a major mediator of allergic inflamma-
tion. LTD4 was able to induce eosinophil chemotaxis.?°
In this regard, the present study has demonstrated that
MNT and BD treatments both significantly reduced the

concentration of ECP in nasal secretions. Again,
these findings are in accordance with the findings of
investigators.>!>32 However, the BD-induced attenuation of
ECP was significantly greater than MNT-induced attenua-
tion, and similar to hBD+MNT combination-induced at-
tenuation of ECP. As LTD4 has been shown to promote
eosinophil chemotaxis,?’ it is possible that the observed ef-
fect of MNT, and probably BD, in the present study is a
consequence of the attenuation of eosinophil chemotaxis
and activation.

Histamine and CysLTs have been shown to be inflam-
matory mediators secreted in early- and late-phase aller-
gic reactions, respectively. Similar to the findings for ef-
fects of treatment on ECP release in the present study,
BD-induced attenuation of histamine and the CysLTs was
significantly greater than MNT-induced attenuation, and
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similar to hBD+MNT-combination—induced attenuation
of these mediators, indicating that BD played a major role
in the suppression of these mediators in local secretions.
These findings are in accordance with the findings of Di
Lorenzo and colleagues,>® who demonstrated that combi-
nation therapy with fluticasone propionate aqueous nasal
spray (FPANS) plus MNT did not offer a substantial ad-
vantage over FPANS monotherapy for reducing symptoms
or eosinophil numbers/ECP in patients affected by seasonal
AR.

Th1, Th2, and Treg cells represent 3 major functional
T-lymphocyte subtypes, which play important roles in
the etiology of AR. Several studies have elucidated the
prevalence of the T-cell subsets after treatments by INS
or MNT, based on changes in particular cytokines.?*>’
However, as different cells have the ability to synthesize
particular inflammatory cytokines released by the different

T-cell subsets, in the present study we investigated the ef-
fect of treatment on T-cell subsets by directly detecting the
number of these T-cell subtypes in the nasal mucosa and
peripheral blood using flow cytometry. Analysis of Th1,
Th2, and Treg cells has demonstrated that BD treatment
decreased Th1 and Th2 cell numbers and elevated Treg-cell
numbers in the nasal mucosa of SAR patients. This is in
accordance with findings of Wang and colleagues®® in
patients with eosinophilic chronic rhinosinusitis with nasal
polyps. In contrast, our study has demonstrated that MNT
treatment did not significantly alter the numbers of T-cell
types in the nasal mucosa, but significantly decreased the
Th1 cells and increased the Treg cells in peripheral blood of
SAR patients. Moreover, the changes in nasal mucosa and
peripheral blood were also reflected by hBD+MNT com-
bination treatment, thus highlighting differing mechanisms
and efficacies of BD and MNT in influencing T-cell types
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in the nasal mucosa and peripheral blood. Indeed, Spinozzi
and colleagues®” found that MNT reduced proliferative
response of T cells to T-cell receptor activation and led to
apoptosis at minimal concentrations of MNT in vitro, sug-
gesting that the biologic effects of MNT are complex and
involve gene activation and repression, probably induced
by cysteine-leukotriene-receptor antagonist blockade.
This investigation is limited in that it was an open-label
study, conducted with a relatively small number of patients
and without a placebo group, which may have led to some
bias. Our study is also somewhat limited by not having ade-
quate nasal secretion samples for assessment from all partic-
ipants. However, this design was used primarily for obser-
vational purposes, particularly as there have been no studies
conducted in outpatients on the effect of using a combina-
tion of half the normal recommended dose of BD with
MNT in patients with moderate-to-severe SAR induced by
mugwort allergen in Chinese subjects. Consequently, these
findings need to be confirmed in a well-controlled, double-
blind, randomized, placebo-controlled investigation involv-
ing larger numbers of patients and control subjects. This is

especially so because, to our knowledge, this is the first
study to document the usefulness of half the recommended
dose of intranasal BD, which may be important for safety in
long-term use in treating patients with moderate to severe
SAR.

Conclusion

The results of this study demonstrate that BD had better ef-
ficacy than MNT for AR patients in improving nasal symp-
toms, nasal potency, and nasal inflammatory level over a
short treatment period. BD and MNT significantly regu-
lated T-cell subsets in nasal mucosa and peripheral blood,
respectively. Compared with BD and MNT monotherapy,
the combination therapy of hBD+MNT was generally bet-
ter, especially in controlling nasal obstruction. Moreover,
in view of differing mechanisms and efficacies of BD and
MNT in influencing particular T-cell subsets in the nasal
mucosa and peripheral blood, it is likely that a combina-
tion of these agents will provide superior overall efficacy
than either drug alone in the treatment of AR with or with-
out concomitant asthma. €y
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