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Objectives/Hypothesis: The symptoms of aller-
gic rhinitis result from an immunoglobulin E-depend-
ent mast cell activation cascade, marked by the
release of inflammatory mediators, including hista-
mine. Patients with perennial allergic rhinitis also
have elevated levels of cysteinyl leukotrienes
(CysLTs) in nasal lavage fluid. Histamine and CysLTs
produce different responses in the pathogenesis of al-
lergic rhinitis, and this study tested the hypothesis
that the effects of combined antihistamine and leuko-
triene antagonist therapy would be more effective
than antihistamine alone.

Study Design: Multicentered, prospective,
randomized, placebo-controlled, parallel-group.

Methods: Three groups totaling 275 patients
using: 1) fexofenadine alone, 2) fexofenadine with
montelukast, or 3) fexofenadine with placebo, partici-
pated in a 21-day trial conducted during the spring
pollen season. Objective analysis included pre- and
poststudy physical examination findings and nasal re-
sistance measurements. Subjective data gathered
included a daily patient diary and pre- and poststudy
patient satisfaction measurements.

Results: The group using both fexofenadine and
montelukast showed significantly better control of
nasal congestion both subjectively, using patient diary
and visual analog scale evaluations, and objectively,
using rhinomanometry and physical examination,
compared to groups using antihistamine alone or
with placebo.

Conclusions: Our data provided both objective
and subjective evidence that leukotriene receptor an-
tagonist-antihistamine combination therapy is more

effective than antihistamine alone in the control of al-
lergic rhinitis symptoms.
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INTRODUCTION
Allergic rhinitis is a globally common chronic

inflammatory condition with an increasing prevalence,
causing a sociologic and economic burden. The symptoms
of allergic rhinitis result from a specific immunoglobulin
E-dependent mast cell activation, the release of inflam-
matory mediators, the subsequent recruitment and
activation of leukocyte populations, and the presence of
a predominant Th2-type cytokine profile that are all
triggered by exposure of the nasal mucosa to airborne
allergens. These symptoms, which include nasal conges-
tion, itching, sneezing, and rhinorrhea, are associated
with substantial morbidity, primarily in the context of
reduced quality of life and productivity.

The initiation and regulation of allergic inflamma-
tion provides rich cellular sources of various mediators
such as histamine and cysteinyl leukotrienes (CysLTs),
which play important roles in the pathogenesis of aller-
gic airway inflammation.1 Leukotrienes and histamine
are quantitatively the most prominent mediators in the
final pathways of allergic rhinitis.

Cysteinyl leukotrienes (LTC4, LTD4, and LTE4) pro-
mote a variety of proinflammatory actions, including
microvascular leakage, inflammatory cell chemotaxis
(particularly eosinophils), mucus hypersecretion, and
neuronal stimulation, all of which are relevant to the
pathophysiology of allergic rhinitis.2

Recent evidence suggests the involvement of
CysLTs in the pathophysiology of allergic rhinitis. It
shows that: 1) CysLTs are released from inflammatory
cells that participate in allergic rhinitis,3 2) receptors for
CysLTs are located in nasal tissue,4 3) CysLTs are
increased in patients with allergic rhinitis and are
released following allergen exposure,5 4) nasal adminis-
tration of CysLTs reproduces the symptoms of allergic
rhinitis,2 5) CysLTs play roles in the maturation and
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tissue recruitment of inflammatory cells,6 6) a complex
inter-regulation between CysLTs and a variety of other
inflammatory mediators exists, 7) CysLTs increase nasal
vascular permeability and blood flow, inducing plasma
protein exudation and leading to blockage and mucus
secretion,7 and 8) levels of CysLTs rise in ragweed-sensi-
tive patients during ragweed season.5

There are many treatments available for allergic
rhinitis, but current guidelines state that oral antihist-
amines are first-line therapy8 with intranasal
corticosteroids. Intranasal corticosteroids are effective as
first-line treatment in moderate and severe disease and
are used traditionally to combat nasal congestion and
the other symptoms associated with allergic rhinitis, but
corticosteroids do not inhibit the release of leukotrienes
in humans in vivo.9 Moreover, their usage is limited by
their long-term potential side effects, which occur in
about 5% of patients. There has also been some concern
over their effect on growth in children.

Because histamine is a key mediator of the symp-
toms of allergic rhinitis, antihistamines assume first
priority in controlling the resulting symptoms, particu-
larly as they have a rapid onset and can be used as
needed by the patients. Second generation antihist-
amines, like fexofenadine, do not cross the blood brain
barrier and as a result are especially attractive to
patients because they do not cause clinically relevant
sedation. Although there are a few studies illustrating a
beneficial effect of newer antihistamines on nasal block-
age, generally these drugs, as a class, are less effective
against nasal congestion and blockage than against
sneezing and itching.10

Since the introduction of cysteinyl-leukotriene re-
ceptor antagonists (LTRA), initially as a medication for
allergic lower airway disease, evidence regarding their
effectiveness in allergic upper airway disease has been
increasing. Montelukast, an LTRA and an antiasthmatic
drug, was recently approved for clinical use in the treat-
ment of allergic rhinitis through clinical studies
performed in children and adults.11

Histamine and CysLTs have different roles in the
pathogenesis of allergic rhinitis, and it therefore seems
logical to expect that the effects of combined antihist-
amine and antileukotriene therapy would be more
effective than either treatment alone. Although several
publications report the mostly subjective effectiveness of
LTRA in the treatment of allergic rhinitis, the results
are inconsistent and few studies used objective parame-
ters, such as rhinomanometry, in their assessment.12

We hypothesized that fexofenadine alone would not
completely reduce nasal congestion (as objectively meas-
ured by total nasal resistance), and that the addition of
montelukast to antihistamine medication would reduce
both the early and late phase responses, providing a syn-
ergistic effect by targeting the second of the two
important mediators inducing this response. Therefore,
the objective of this trial was to measure any synergistic
effect of LTRA medication when combined with antihist-
amine in treating patients with seasonal allergic
rhinitis, as measured by objective, subjective, and qual-
ity-of-life parameters.

MATERIALS AND METHODS

Study Design
This multicentered, prospective, randomized, placebo-con-

trolled, parallel-group (three treatment groups) trial was
conducted during the spring pollen season. The study design
included three visits. At visit one, researchers recorded initial
clinical findings and evaluations, and determined patients’ eligi-
bility for the study. At visit two, patients were randomly
allocated to receive fexofenadine 120 mg/day (group 1), fexofe-
nadine 120 mg/day with montelukast 10 mg/day (group 2), or
fexofenadine 120 mg with placebo (group 3), and were given the
coded medication (group 1 received one bottle, whereas groups
2 and 3 each received two bottles) and a daily rhinitis diary. To
increase compliance, the patients filled out the initial diary
entry during this visit with their physicians in order to estab-
lish baseline information and to explain to them how to fill out
the forms. The third and final visit occurred at the end of 21
days of medication, when physicians re-examined the patients
and collected the patients’ evaluations and medication bottles.
The physicians who assessed the patients (C.C., K.G.) were
blinded to the patient’s treatment group. Previous studies
showed the effects of both fexofenadine and montelukast
occurred within 21 days, so this interval was chosen to reveal
maximum effects without being too difficult for patients to
complete.

Patients were to take the study medication once daily in
the morning, irrespective of food consumption. Medication bottle
contents were counted at trial completion to evaluate compli-
ance. Tablet counts confirmed that all patients had at least 90%
compliance.

The appropriate institutional review board approved the
protocol and informed consent forms. All patients gave their
written informed consent. No pharmaceutical companies funded
the study or contributed to the study design, outcome evalua-
tion, or writing of this article.

Patients
Subjects (ages 15 to 68 years) who had a documented clini-

cal history of seasonal allergic rhinitis for at least 1 year with a
positive skin test to grass and/or tree pollens and who were oth-
erwise in good health were eligible for the study. The study
excluded otherwise-eligible patients if, before the commence-
ment of the study, they: 1) had been treated with study drugs
or decongestants within 1 week, 2) had been treated with aste-
mizole within 2 months, 3) had been treated with topical, oral,
or parenteral corticosteroids within 1 month, or 4) had received
immunotherapy within 3 years. Patients with asthma, severe
concurrent disease, deviated nasal septum, turbinate hypertro-
phy, nasal polyposis, or concomitant sinonasal disorders were
also excluded from the study.

Outcome Measures
Physical findings. Physicians documented each patient’s

physical findings at the first and third visits. Inferior turbinate
color was classified as natural (0), pale (1), bluish (2), or
severely pale or bluish (3). Edema, nasal discharge, and conges-
tion were ranked as none (0), mild (1), moderate (2), or severe
(3).

Nasal resistance. Nasal airflow was objectively meas-
ured by active anterior rhinomanometry (SRE 2000;
RhinoMetrics, Lynge, Denmark). The procedure included the
placement of a pressure sensor in one nostril and an air flow
detector in the other nostril. Hence, the resistance of each nasal
cavity and total nasal airway resistance could be calculated
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separately. Nasal airflow was reported as the sum of recorded
airflow through the right and left nostrils in milliliters per sec-
ond at a pressure difference of 150 Pa across the nasal passage
(Pa/cm3/s). Each patient had a minimum of four airflow meas-
urements, and the mean was recorded once reproducible values
were achieved.

Daily rhinitis diary card. On a daily diary card, the
patients evaluated and recorded their allergic rhinitis symp-
toms on a four-point scale (0 to 3). After the initial instruction
and data recording at the second visit, patients evaluated and
graded their symptoms and kept diaries for 21 days. The ques-
tions rated nasal symptoms (stuffy, itchy nose, sneezing, and
runny nose) as: severe symptoms, very disturbing some of the
time and/or disturbing most of the time (0); moderate symp-
toms, noticeable and disturbing some of the time (1); mild
symptoms, noticeable but not bothersome (2); or symptoms not
noticeable (3). Similar four-point scales have shown validity in
previous allergic rhinitis trials.10

Satisfaction evaluation
The patients’ satisfaction with their relief of symptoms

was also graded by a visual analog scale (VAS) from 0 to 100
(0 ¼ much worse, 100 ¼ much better) in the daily diary and at
the end of the medication period.

Efficacy evaluation
All patients evaluated the efficacy of the medication used

through a VAS of 0 to 100 at the conclusion of the trial (0 ¼
much worse, 100 ¼ much better). At the last visit (visit 3),
patient and physician completed global evaluations by respond-
ing to the question, ‘‘Compared to when I (the patient) entered
the study, my (the patient’s) overall nose and non-nose symp-
toms are now,’’ using a seven-point scale of 0 being very much
better and 6 being very much worse. Similar global evaluations
have been used in other recent asthma and allergic rhinitis
trials.

Statistical Analysis
SPSS for Windows 15.0 (SPSS Inc., Chicago, IL) was used

in analyzing the data. The distribution of variables was checked
initially by the Shapiro-Wilk test. Parametric tests were applied
to data showing normal distribution, and nonparametric tests
were applied to data showing abnormal distribution. The v2 test
was used to compare the baseline distributions of sex and house
types of each treatment group. Comparison of age distribution
of groups was done by using independent samples t test. The
difference analysis of the diary scores kept by each group was
compared by repeated measures analysis of variance. In addi-

tion, the Bonferroni test was applied for checking the reliability
of differences among the groups.

The initial symptom scores for nasal discharge, sneezing,
nasal congestion, and itching of patients were compared with
the Mann-Whitney U test. Variations in these symptoms and
physical findings during the treatment period were compared
by the Wilcoxon signed rank test.

Independent samples t test was used to compare the effi-
cacy and satisfaction evaluation scores of the groups.

RESULTS

Patients
For the 275 patients enrolled in the study, the base-

line characteristics were similar across treatment groups
(Table I). There were no significant differences in sex
and age distributions of the groups (P > .05). The distri-
bution of patients’ residential environments (house
types) was also not statistically different (P > .05) among
the groups.

Physical findings. Although the groups were
assigned randomly, there was no significant difference in
mean baseline values at day 0 of physical findings or
symptoms in all three groups (P > .05). Figure 1 shows
the initial and day 21 evaluation of inferior turbinate
color.

Figure 2 shows similar initial values for turbinate
edema, nasal discharge, and congestion in all three
groups. Nasal endoscopic examination at day 21 showed:
1) a significant additional effect on turbinate edema
with combination therapy in group 2 (P ¼ .045), 2) no
significant difference in nasal discharge among the
groups (P > .05), and 3) a significant difference in group
2 for nasal congestion when compared to group 1 (P <
.001) and group 3 (P < .001).

Nasal resistance. Rhinomanometrically, total
nasal resistance decreased on average from 0.42 Pa/cm3/
s to 0.32 Pa/cm3/s with fexofenadine alone, and from
0.43 Pa/cm3/s to 0.33 Pa/cm3/s with fexofenadine and
placebo therapy. Neither change was statistically signifi-
cant (P > .05). Fexofenadine plus montelukast
combination therapy (group 2) resulted in a statistically
significant average decline from 0.43 Pa/cm3/s to 0.27
Pa/cm3/s (P ¼ .027). The value at day 21 for group 2 was
also statistically different when compared to day 21 in
groups 1 and 3 (P ¼ .038) (Fig. 3).

TABLE I.
Patient Baseline Characteristics.

Treatment Groups

FEX FEX þ MNT FEX þ Placebo

No. patients 106 112 57

No. men (%) 43 (41) 46 (41) 26 (45)

Age, yr (mean 6 SD) 30.7 6 7.1 29.7 6 6.7 30.2 6 5.5

House type A (%)* 67 (63.2) 71 (62.3) 39 (68.4)

*House type A is an apartment in the city, and house type B is a
house in a suburb/rural area.

FEX ¼ Fexofenadine; MNT ¼ montelukast; SD ¼ standard deviation.

Fig. 1. Inferior turbinate color was classified as natural (0), pale
(1), bluish (2), and severely pale or bluish (3).
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Symptom Measures
Daily rhinitis diary card. Mean symptom scores

for nasal congestion, nasal itching, sneezing, and rhinor-
rhea showed an initial improvement after the first 3
days in all groups. Group 2 improved more than the
other groups, and the differences became statistically
significant after the 9th, 10th, 11th, and 13th days for
nasal congestion (P ¼ .003), itching (P ¼ .009), sneezing
(P ¼ .004), and rhinorrhea (P ¼ .001), respectively (Fig.
4). On day 21, nasal congestion scores were significantly
better only in group 2 with the fexofenadine/montelukast
medication.

The overall wellness score also increased in a simi-
lar way in the first 7 days in all groups, but only
combination therapy scored significantly better results
at the end of 21 days. Baseline and final scores of all
groups were statistically significantly improved for nasal
congestion, itching, sneezing, and rhinorrhea.

Efficacy evaluation. The patients’ evaluation of
the efficacy of the medication used revealed that group 2
scored significantly better than groups 1 and 3 (P ¼
.037). The difference was analyzed using SigmaStat soft-
ware (Aspire Software International, Ashburn, VA).
Similar results were observed in global satisfaction (P ¼
.029) when compared with the fexofenadine only and
fexofenadine plus placebo groups. Figure 5 shows the
satisfaction results.

DISCUSSION
Antihistamines are the first-line treatment for aller-

gic rhinitis. They are traditionally effective for a large
range of symptoms like rhinorrhea, sneezing, itchy nose,
irritation, and ocular symptoms, but are less effective on

nasal congestion. LTRAs have been studied as both add-
on medications or alone for allergic rhinitis treatment.11

LTRAs have been shown to inhibit rhinitis symp-
toms after experimental nasal allergen challenge and in
naturally occurring exposures. Interestingly, in some
cases the range of symptoms inhibited by LTRA in an
allergen challenge is greater than the range of symp-
toms produced by direct administration of leukotrienes
to the nose. This suggests that leukotrienes might pro-
duce some symptoms by action at sites not affected by
direct nasal administration of leukotrienes, or that
stimulated leukotrienes might interact with other medi-
ators released at the same time to produce these
symptoms.

Nasal administration of leukotrienes in nonatopic
individuals increases nasal blood flow in Doppler stud-
ies, while having no effect on itching, sneezing, and
discharge, unlike challenges with antigen or histamine.
Furthermore, leukotriene D4 exhibits approximately
5,000-fold more potency than histamine on a microgram
basis when administered topically intranasally.2 It
causes vascular engorgement, resulting in nasal conges-
tion and increased nasal airway resistance, but does not
produce secretions, itching, or sneezing.13 Besides being
more potent in producing nasal congestion than hista-
mine, the symptoms CysLTs produce are more
prolonged.13 One would predict, then, that blocking
these local effects would help relieve nasal congestion.

Nasal obstruction is a prominent symptom in most
patients with allergic rhinitis. It is the most bothersome

Fig. 2. Physical findings via endoscopic examination. 0 ¼ none,
1 ¼ mild, 2 ¼ moderate, 3 ¼ severe. G ¼ group.

Fig. 3. Nasal resistance via active anterior rhinomanometry. G ¼
group.

Fig. 4. Scores from daily rhinitis diary card (average of nasal con-
gestion, itching, sneezing, and rhinorrhea). 0 ¼ severe, 1 ¼ mod-
erate, 2 ¼ mild, 3 ¼ natural.

Fig. 5. Comparison of average values of satisfaction evaluation via
visual analog scale (VAS).
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and most difficult to control symptom of allergic rhinitis
and is due to pooling of blood in the cavernous sinusoids,
which produces a subsequent reduction in the airway
lumen in response to allergic stimulation.

Anterior rhinomanometry is a well-defined labora-
tory tool that measures function in terms of nasal
resistance. In many studies, determination of the degree
of nasal obstruction is mainly based on the patient’s sub-
jective self assessment. The accuracy and the reliability
of such descriptions are questionable. In studies dealing
with nasal airway obstruction in patients with seasonal
allergic rhinitis after a nasal provocation test, a marked
sensation of nasal congestion would be expected, as the
change in nasal patency occurs acutely. Consequently,
subjective grading of nasal congestion by patients might
be fundamentally skewed. Nasal airflow and resistance
measurements represent an objective and quantitative
assessment of nasal patency, and anterior rhinomanome-
try is the most reliable method to assess these
parameters.14

In this study, the rhinomanometric values were
obtained according to the international committee report
on standardization of rhinomanometry. Our data demon-
strate that fexofenadine, alone or combined with
placebo, decreased total nasal resistance, but this decline
did not reach statistical significance by the end of the 21
days of medication. In contrast, fexofenadine combined
with montelukast reduced the total nasal resistance sig-
nificantly, and also provided superior control of nasal
congestion. This effect was also observed as a reduction
of turbinate congestion by physical examination (same
physician for day 1 and 21).

Some of the second generation antihistamines con-
trol nasal congestion. Fexofenadine was found to be
more effective than desloratadine in the management of
symptoms of seasonal allergic rhinitis, including nasal
congestion.15 The approved dosage of fexofenadine in the
United States is 180 mg once daily or 60 mg twice daily;
and in Europe, Latin America, and Australia is 120 mg
once daily or 60 mg twice daily. Previous studies demon-
strated that fexofenadine 120 mg once daily and
fexofenadine 180 mg once daily have equal efficacy in
relieving the symptoms of allergic rhinitis.10 The data
obtained from our study showed some effect with fexofe-
nadine 120 mg (alone or with placebo) in reducing nasal
congestion but did not reach statistical significance.
However, concomitant use of LTRA with fexofenedine
120 mg led to a statistically significant improvement.

In this study, the subjective patient satisfaction in
all groups was similar until the 10th day of medication.
The difference in efficacy became significant after the
10th day. This confirms prior studies showing LTRA
alone or with antihistamine combination medication was
not found very effective for the first week in some of the
earlier reported studies.11 In this study, concomitant use
of LTRA with fexofenedine led to a statistically signifi-
cant improvement in wellness scores after the first
week, as measured by both the average daily diary
scores and quality-of-life measurements (i.e., efficacy
and satisfaction evaluations). Our study was held in
spring, with patients documented to be allergic to spring

pollens via skin prick test. The combination of LTRA
and antihistamine was significantly more effective than
antihistamine plus placebo or antihistamine alone. His-
tamine challenge induces neurologic responses, such as
sneezing and itching, but does not reproduce all symp-
toms of allergic rhinitis, suggesting the involvement of
other mediators like CysLTs.7 Both antihistamines and
LTRAs have antiallergic and anti-inflammatory proper-
ties, including differing effects on mediator release and
chemoattraction of inflammatory cells. This explains
why the combination of antihistamine with montelukast
provides an additive effect compared with antihistamine
alone.

CONCLUSION
These data provide both an objective and subjective

basis for the use of LTRA-antihistamine combination
therapy in the control of allergic rhinitis. The control of
nasal congestion with the combined dosage was signifi-
cantly improved both subjectively (using two different
measures) and objectively (by rhinomanometry and
physical examination) compared to antihistamine alone
or with placebo. The effect is likely due to the additional
anti-inflammatory activity provided by the reduction of
inflammatory infiltrate and cytokine levels.

More studies are needed to fully evaluate the long
term clinical effectiveness of LTRA, especially as con-
comitant therapy, but our data suggest it is reasonable
and safe to use the combination of these agents as
standard therapy for patients with allergic rhinitis with
congestion.
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