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Allergic rhinitis triggers a systemic increase of inflammation.
Within minutes of allergen exposure, immune cells release hist-
amine, proteases, cysteinyl leukotrienes, prostaglandins, and
cytokines. Some produce the early symptoms, while others aug-
ment the production, systemic circulation, and subsequent infil-
tration of the nasal mucosa with inflammatory cells that sus-
tain the symptoms. Systemic circulation of inflammatory cells
permits their infiltration into other tissues where chemoattrac-
tant and adhesion molecules already exist. Consequently, aller-
gic rhinitis is linked to comorbid conditions: asthma, chronic
hyperplastic eosinophilic sinusitis, nasal polyposis, and serous
otitis media. Effective therapy should be directed at underlying
inflammation and its systemic manifestations. It should
improve the rhinitis and the comorbid conditions. Antihista-
mines relieve early symptoms by blocking basophil- and mast
cell–generated histamine, but they do not significantly influence
the pro-inflammatory loop. They are often little better than
placebo. Oral corticosteroids provide the systemic anti-inflam-
matory efficacy, but their toxicity precludes such an approach.
Intranasal corticosteroids effectively target the local inflamma-
tory processes of rhinitis, reducing local inflammatory cells
within the nares, but they do not directly access tissues involved
in the comorbid conditions. Leukotriene modifiers have both
systemic anti-inflammatory effects and an acceptable safety
profile. (J Allergy Clin Immunol 2003;112:1021-31).
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Allergic rhinitis (AR) is the most common atopic dis-
order in the United States, affecting between 9% and
24% of adults1-3 and up to 42% of children.3-5 Each year,
nearly 80 million people in the United States experience
7 or more days of nasal-ocular symptoms as a result of
AR.1 Although it generally is not considered a severe dis-

order, the socioeconomic costs of AR are substantial.6 It
is one of the chief reasons for visiting a primary care
physician, it adversely affects work productivity and
school performance, and it limits socialization.6 Its effect
goes deeper: AR is associated with a variety of comorbid
conditions, including asthma, sinusitis, otitis media,
nasal polyposis (NP), lower respiratory tract infections,
and dental malocclusion.6 Adequately addressing AR
requires a thorough understanding of its pathophysiolo-
gy, its relationship to these comorbid conditions, and the
effects of various therapeutic options on the pathophysi-
ology of both AR and its associated comorbidities.

INFLAMMATORY MECHANISMS IN AR

Within minutes of allergen exposure, sensitized mast
cells degranulate, releasing preformed and newly synthe-
sized mediators, including histamine, proteases, cysteinyl
leukotrienes (CysLTs), prostaglandins, and cytokines.7-9

Some of these mediators produce the characteristic early
phase symptoms of AR, namely sneezing, pruritus, rhi-
norrhea, and, to some extent, congestion,10,11 whereas
others will stimulate infiltration of the nasal mucosa with
inflammatory cells, including basophils, eosinophils, neu-
trophils, newly synthesized mast cells, and mononuclear
cells.6,9,12 This infiltration of inflammatory cells and their
subsequent release of additional mediators, including his-
tamine and CysLTs, sustains the inflammatory reaction
with the continued recruitment of inflammatory cells and
produces the late-phase response of AR, which is primar-
ily characterized by nasal congestion.9

From the Asthma and Allergic Disease Center, Beirne Carter Center for
Immunology Research, University of Virginia Health System.

Received for publication August 7, 2003; revised September 9, 2003; accept-
ed for publication September 15, 2003.

Disclosure of potential conflict of interest: L. Borish is a consultant to Protein
Design Labs, Pfizer, Aventis, Centocor, Sepracor, Merck, and Genentech.
He has received grant support in the last 3 years from Merck, Sepracor,
Immunex, and Genentech and is on the Speaker’s Bureau for Sepracor,
Merck, and GlaxoSmith Kline.

Reprint requests: Larry Borish, MD, Asthma and Allergic Disease Center,
University of Virginia Health System, MR-4 Building Room 5041, Lane
Rd, Charlottesville, VA 22908.

© 2003 American Academy of Allergy, Asthma and Immunology
0091-6749/2003 $30.00 + 0
doi:10.1016/j.jaci.2003.90.015

Abbreviations used
AR: Allergic rhinitis

CHES: Chronic hyperplastic eosinophilic sinusitis
CysLT: Cysteinyl leukotriene

ECP: Eosinophil cationic protein
INS: Intranasal corticosteroid

LT: Leukotriene
LTRA: Leukotriene receptor antagonist

NP: Nasal polyposis
PAR: Perennial allergic rhinitis

PG: Prostaglandin
QOL: Quality of life
SAR: Seasonal allergic rhinitis



1022 Borish J ALLERGY CLIN IMMUNOL

DECEMBER 2003

The inflammation that develops over the course of an
allergy season is associated with an approximately 10-
fold increase in the numbers of mast cells present in nasal
epithelial and submucosal tissue (Table I and Fig 1, C).13

This represents a migration of preexisting mast cells into
the epithelium and the differentiation and influx of newly
synthesized mast cells into the nasal mucosa under the
influence of growth factors. In the course of chronic
allergen stimulation, these mast cells become associated
with increased histamine releasability that reflects
increases in the numbers of IgE receptors and surface-
bound IgE, as well as enhancement of signal transduction
pathways.14,15 Together, all of these mast cell processes
produce the phenomenon of priming, whereby as an
allergen season progresses, less and less allergen is
required to trigger mast cell degranulation.16 With prim-
ing, perennial allergens that might not be sufficient by
themselves to trigger an allergic reaction might exacer-
bate symptoms produced during an allergy season.

Although mast cells play an important role during the
initial AR response, they might not play as substantive a
role in sustaining this response. Although histamine
increases during both the early and late phases after an
allergen challenge, prostaglandin (PG) D2 increases only
during the early phase.17 Because mast cells synthesize
and release PGD2, the absence of this mediator during
the late phase indicates that mast cells cannot be respon-
sible for the increase in histamine that occurs during the
late phase.17 Basophils release histamine, but in contrast
to mast cells, they do not produce PGD2 and presumably
are the source of histamine during the late phase.

In addition to their interaction with mast cells, aller-
gens will also behave like any other foreign antigen and
be processed and presented by antigen-presenting cells to
TH lymphocytes. Activation of these antigen-presenting
cells, including mononuclear phagocytic cells, B lym-
phocytes, and especially dendritic cells, might be an
important source of cytokines, especially those associat-
ed with innate immunity, including IL-1, IL-6, and TNF.
The newly activated T lymphocytes will be TH2 like and
characterized by their production of IL-4, IL-5, IL-9, IL-
13, and GM-CSF. These cytokines are also major com-
ponents of the inflammatory response in AR.18-21 The
generation of these cytokines leads to the increased pro-
duction, recruitment, and activation of eosinophils, mast
cells, and basophils.

Thus rhinitis progression becomes more dependent on
mediators associated with the infiltration of cells, such as
eosinophils, basophils, neutrophils, mononuclear cells,
and TH lymphocytes, as well as the increasingly primed
mast cells. The symptoms of acute rhinitis, such as
sneezing, itching, and rhinorrhea, largely reflect vasoac-
tive mediator release, especially histamine. As seasonal
AR (SAR) or perennial AR (PAR) persists, however,
these infiltrating cells and their continued production of
cytokines and other inflammatory mediators lead to the
mucus hypersecretion, tissue edema, goblet cell hyper-
plasia, and tissue damage that become the primary
sources of symptoms in allergic patients. The role of his-
tamine diminishes as AR progresses, consequently mak-
ing antihistamines less effective. This progression and
not the development of tolerance might be responsible
for the diminished efficacy of antihistamines over the
course of an allergy season and for the surprising discor-
dance between the actual and perceived benefits of anti-
histamines in placebo-controlled clinical trials. Thus
antihistamines significantly reduce symptoms; however,
in comparison with placebo, this reduction is relatively
unimpressive at only approximately 15% to 20%.22,23

These trials typically require a run-in phase in which a
predefined level of symptoms must be continuously pres-
ent. As a result, the subject’s rhinitis has already entered
this relatively histamine-independent phase before these
trials institute their therapeutic intervention, leading to
the impression that antihistamines are little more effec-
tive than placebo. For most patients with mild intermit-
tent disease, antihistamines do remain effective therapy,
and this efficacy reflects the intermittent nature of most
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FIG 1. During an allergy season when birch pollen levels were
increased (A), associated nasal symptom scores gradually
increased (B) and correlated significantly with the logarithm of
the pollen count (r = 0.68, P < .01). A significant increase in the
number of mast cells in the imprint area (C) and the percentage of
eosinophils in nasal lavage fluid (D) also occurred during the
allergy season compared with preseason values. *P < .05; †P <
.01. Adapted with permission from Pipkorn et al.26
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subjects’ allergen exposures, which are of insufficient
duration to drive their disease progression into the more
severe and antihistamine-resistant phase.

Eosinophils represent an important component of the
inflammation that develops with PAR and the progres-
sion of SAR. The natural history of SAR is for symptoms
to inexorably worsen over several weeks in the presence
of ongoing allergen exposure. As shown in Fig 1, B,
symptoms might not peak until well after the pollen
counts do (Fig 1, A), and then they might persist after
pollen counts have decreased dramatically. These obser-
vations reflect the time frame of the onset of nasal
inflammation and tissue damage. The influx of
eosinophils into the nasal mucosa (Fig 1, D) correlates
closely with the development and progression of symp-
toms.24-26 It also reflects the newly synthesized
eosinophils derived from the bone marrow, although
recent studies have suggested that eosinophils might dif-
ferentiate directly from precursor stem cells present
within allergic inflammatory tissue.27 In summary, the
natural history of AR represents an evolution from an
acute, primarily mast cell–mediated process that is
responsive to antihistamines to a chronic inflammatory
process that is primarily eosinophil mediated and is
much less responsive to antihistamines.

Eosinophils release a wide variety of pro-inflammato-
ry mediators, including CysLTs, eosinophil cationic pro-
tein (ECP), eosinophil peroxidase, major basic protein,
IL-3, IL-5, GM-CSF, and platelet-activating factor.28

The CysLTs are major mediators of the allergic
inflammatory response. In ragweed-sensitive subjects,
CysLT levels were increased in nasal fluid after nasal
allergen challenge.29 A similar increase occurred after
natural allergen exposure and correlated with ECP lev-
els.30,31 CysLTs are major components of both the early
and late phases of the allergic response, and they produce
several of the symptoms found in AR, including both
sneezing and rhinorrhea.10 They are one of the primary
mediators of nasal congestion.32-34 Both nasal airway
resistance and nasal obstruction are increased after
CysLT challenge.35 More importantly, CysLTs play a key
role in eosinophilic airway inflammation. They are
chemoattractants for eosinophils in vitro36,37 and in both
animal models38 and human bronchial tissues after
CysLT inhalation.39 In addition, they promote eosinophil
adhesion by inducing the expression of adhesion mole-
cules, such as complement receptor 3 (Mac-1; Fig 2).37,40

Finally, they maintain eosinophil levels by decreasing
eosinophil apoptosis41 and acting synergistically with
GM-CSF and IL-5 to facilitate the growth of eosinophil
precursors in the peripheral blood and bone marrow.42

In individuals with AR, significant correlations exist
between eosinophil protein X and leukotriene (LT) C4-
LTD4 levels in nasal lavage fluid43 and between ECP and
LTC4 levels in nasal secretions.30 AR is associated with
upregulation of the metabolic enzymes necessary for
CysLT synthesis, including 5-lipoxygenase, 5-lipoxyge-
nase activation factor, and LTC4 synthase, as well as an
upregulation of CysLT receptors.44 Consequently,
patients with AR might not only produce increased levels
of CysLTs but also might be predisposed toward an
enhanced responsiveness to these mediators.

SYSTEMIC MANIFESTATIONS OF AR

AR is associated with the systemic circulation of acti-
vated T lymphocytes and mononuclear phagocytic cells.
The activation of these cells is demonstrated by their pro-
duction of cytokines associated with innate immunity,
such as IL-1, TNF-α, and IL-6.45-47 These cytokines are
responsible for the acute-phase response of inflammato-
ry and immune diseases, and this has important conse-
quences for patients with AR. These acute-phase
responses are associated with central nervous system
symptoms of lethargy, fatigue, and diminished cognition
and systemic symptoms of arthralgia and myalgia. AR
also is associated with cognitive impairment of school-
children and adults.46,48,49 These systemic symptoms are
often the chief complaints of patients with allergy and
might contribute largely to the complaints of diminished
quality of life (QOL) by patients and to the reported fre-
quent association of AR with chronic fatigue syndrome,
depression, and other affective disorders.50-52 Although
not regarded as a feature of AR, it is intriguing that the
lay terminology for this condition is hay fever, reflecting
the pronounced flu-like nature of this disease. These sys-
temic manifestations are exacerbated by the use of first-
generation sedating antihistamines. The ability of AR
therapies to attenuate systemic symptoms and thus
improve QOL should be an important consideration in
determining their efficacy (see below).

FIG 2. Mean complement receptor 3 (Mac-1) expression by blood
eosinophils isolated from atopic subjects. The x-axis depicts vary-
ing concentrations of various CysLTs, and the y-axis depicts com-
plement receptor 3 expressed as mean fluorescence channel. *P
< .05; **P < .01. Used with permission from Fregonese et al.37

TABLE I. Seasonal increase in nasal mast cells: Effect of
grass pollen seasonal exposure on nasal mast cell num-
bers

Nasal mast cells/mm3

Month Epithelium Lamina propria Total

July 13,130 15,145 28,455
October 4649 12,012 16,661
January 1375 7443 8818
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AR AND COMORBID UPPER AND LOWER

AIRWAY DISORDERS

AR is not just an inflammation of the nasal mucosa but
is associated with systemic inflammation; consequently, it
is often seen with other inflammatory conditions, such as
asthma and sinusitis. In individuals with SAR who did not
have asthma, nasal allergen provocation, performed such
that the allergen did not gain access to the lungs, produced
inflammatory changes in both the upper and lower air-
ways, including increased adhesion molecule expression,
eosinophil infiltration, and increased bronchial hyperreac-
tivity.53,54 These results demonstrate that an allergic nasal
reaction produces systemic inflammatory changes.

As shown in Fig 3, in sensitized subjects allergen
exposure activates immune cells, including TH lympho-
cytes, dendritic cells, mononuclear cells, mast cells, and
others, both within the nares and in nasal-associated lym-
phatic tissues. These cells might also include locally pro-
duced eosinophil precursors.27 Some of these TH cells
migrate to the bone marrow, where they stimulate the
bone marrow to produce inflammatory cells, including
basophils, eosinophils, and mast cell precursors.27,55,56

Allergen challenge increased the bone marrow concen-
trations of both cytokines and progenitor cells both in
animal models57,58 and in individuals with atopic asth-
ma.59-61 In addition, in atopic individuals who had late
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FIG 3. In sensitized subjects allergen exposure activates immune cells, including TH lymphocytes, dendritic
cells, mononuclear phagocytic cells, mast cells, and others, both within the nares and in nasal-associated
lymphatic tissues. These cells might also include locally produced CD34+ IL-5Rα+ eosinophil-basophil (Eo/B)
progenitors. These newly activated TH lymphocytes will have the phenotype of TH2-like cells characterized
by their production of IL-3, IL-4, IL-5, IL-9, IL-13, eotaxin (CCL11), and GM-CSF. Some of these TH cells
migrate to the bone marrow, where they stimulate the bone marrow to produce inflammatory cells, includ-
ing basophils, mast cells, and, most importantly, eosinophils. Ultimately, these newly generated inflamma-
tory cells enter the circulatory system from which they are selectively recruited back to the nose but also to
the lungs and sinuses, exacerbating inflammation. This selective recruitment of inflammatory cells into the
lungs and sinuses will only occur in individuals with preexisting asthma and CHES in whom specific adhe-
sion molecules, such as vascular cell adhesion molecule 1 (VCAM-1), and chemoattractants, such as eotax-
in, already exist. Persons without asthma and CHES do not have these addressins in their airways and thus
do not have the machinery in place to recruit these newly synthesized eosinophils and other inflammatory
cells into their respiratory tissue during exacerbations of rhinitis.
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asthmatic responses and airway eosinophilia, allergen
inhalation caused trafficking of T lymphocytes to the
bone marrow, enhancing the ability of these lymphocytes
to generate IL-5.61 Ultimately, these newly generated
inflammatory cells enter the circulatory system, from
which they are selectively recruited to the lungs and
sinuses, exacerbating airway inflammation, as shown in
Fig 3. In addition to stimulating inflammatory cell pro-
duction, cytokines upregulate the expression of adhesion
molecules, further facilitating the recruitment of inflam-
matory cells into nasal and bronchial tissues.53

This selective recruitment of inflammatory cells into
the airways would occur only in individuals with preex-
isting asthma in whom specific adhesion molecules, such
as vascular cell adhesion molecule 1, and chemoattrac-
tants, such as eotaxin, already exist. Persons without
asthma do not have these addressins in their airways and
thus do not have the machinery in place to recruit inflam-
matory cells into their airways during exacerbations of
rhinitis.62 This increase in bronchial inflammation in
response to allergen-induced rhinitis might contribute to
the exacerbations of asthma frequently seen in individu-
als with underlying AR.

Eosinophils are important mediators of inflammation
and can be considered a key cellular link between the
various airway compartments because eosinophil levels
are found to be increased not only in AR but also in asth-
ma,63 chronic hyperplastic eosinophilic sinusitis
(CHES),24,64-67 and otitis media.68,69 Their levels corre-
late with symptoms in both asthma and sinusitis.63,65-67

Finally, it should be noted that other mechanisms have
been hypothesized to play a role in the link between the
different levels of the airways. For example, nasal obstruc-
tion leads to mouth breathing, which results in colder, less
well-conditioned air entering the lower airway. This can
elicit asthma symptoms in subjects with underlying
bronchial hyperresponsiveness.70 Although a rhino-
bronchial reflex has been proposed,71 a neurogenic path-
way is not likely to explain development or exacerbation
of what is primarily a disorder of eosinophils and TH2-like
lymphocytes. Similarly, although aspiration of upper air-
way mediators into the bronchial tree has been proposed as
a mechanism,72 conflicting studies with instillation of
radioisotopes into the upper respiratory tract failed to find
evidence to support such a mechanism.73

CHES with or without NP is an inflammatory disease
characterized by the accumulation of eosinophils, fibro-
blasts, mast cells, goblet cells, and TH2-like lympho-
cytes.74,75 It is the prominent accumulation of
eosinophils, however, which is the diagnostic feature of
this condition (Fig 4).24,64,75,76 The sinus tissue is infil-
trated with a marked increase in cells, including lympho-
cytes, fibroblasts, and eosinophils, which are expressing
cytokines responsible for eosinophilopoiesis (IL-5), sur-
vival (IL-3, IL-5, and GM-CSF), recruitment (CCL11
[eotaxin]), and activation (CCL11, CCL5 [RANTES],
IL-3, IL-5, GM-CSF, and TNF-α).18,77-81 That
eosinophils are a prominent source of these cytokines
suggests that CHES/NP is a disease of unregulated

inflammation in which eosinophils, once recruited, pro-
vide the growth factors necessary for their further
recruitment, proliferation, and activation.

Both sensitivity to multiple allergens and sensitivity
to perennial allergens, such as dust mites, increase the
risk of CHES.82 More than 50% of individuals with PAR
have abnormal sinus radiographs.83,84 Allergens are
unlikely to gain access to the sinus cavities, even in
healthy subjects, and are even less likely to do so in the
presence of the sinus ostia occlusions characteristic of
this disorder. Studies performed with insufflation of radi-
olabeled ragweed particles confirm the inability of these
pollens to enter the sinuses.85 The link between AR and
sinusitis could involve a systemic inflammatory process
similar to that described between AR and asthma (Fig
3). Nasal allergen challenges in sensitive individuals
produce radiographic changes of the maxillary sinuses,
including edema and opacification.86 Nasal allergen
challenges in allergic individuals produce significant
increases in eosinophils, ECP, histamine, and albumin
not only in the nose but also in the maxillary sinus.87

Sinus lavage fluid from both maxillary sinuses was col-
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FIG 4. Immunohistochemical analysis of a sinus biopsy specimen
from a patient with sinusitis and chronic AR. Eosinophils were
labeled with an antibody to ECP and were localized as aggregates
within and beneath the epithelium (original magnification ×400).
Used with permission from Demoly et al.64
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lected and analyzed after a nasal allergen challenge was
performed in only one side of the nose. Both albumin
levels and eosinophil counts were significantly
increased in these specimens, with no significant differ-
ences detected in specimens obtained from the ipsilater-
al and contralateral maxillary sinuses.88 Because both
sinuses were equally affected, these results are consis-
tent with a systemic response. Inflammatory cells newly
generated both in the nasal lymphatic tissue and in the
bone marrow as a result of the intranasal allergen chal-
lenge entered the circulatory system and infiltrated sus-
ceptible tissues, such as sinuses or lungs,27 thereby
exacerbating sinusitis and asthma.56 In addition, there
presumably would also be direct recirculation of these
allergic inflammatory cells among the nares, local lym-
phatic tissue, and the sinuses.

MANAGEMENT OF AR

The increasing recognition of AR as a systemic
inflammatory disorder has many implications for its
management. Treatment should be directed not only at
relieving nasal symptoms but also at the underlying
inflammatory processes; options consist of allergen
avoidance, pharmacotherapy, and immunotherapy.

Allergen avoidance

Allergen exposure leads to symptoms. Thus allergen
avoidance is a logical approach that is recommended by
all asthma and rhinitis guidelines.6 Avoidance studies are
limited, however, especially with respect to rhinitis, and
the amount of allergen reduction needed to reduce symp-
toms effectively is unknown.6 Allergen-impermeable
covers might reduce allergen levels, but as a single inter-
vention, they fail to cause clinically significant improve-
ments.89,90 Furthermore, individuals frequently are sensi-

tized to multiple allergens, making it difficult, if not
impossible, to limit allergen exposure adequately. As a
result, pharmacotherapy is required frequently.

Pharmacotherapy

Antihistamines are the oldest drugs used in the treat-
ment of allergic disorders. First-generation antihista-
mines have significant sedative and anticholinergic
effects resulting from their ability to cross the blood-
brain barrier, and they should be avoided for the treat-
ment of AR.6 Second-generation antihistamines have a
longer duration of action and minimal, if any, sedative
effects.6 These drugs reduce pruritus, sneezing, and
watery rhinorrhea associated with AR but have minimal
effects on nasal obstruction.6 Moreover, antihistamines
are not generally considered anti-inflammatory drugs,
although studies suggest that second-generation antihis-
tamines might possess some anti-inflammatory proper-
ties.91,92 In a recent double-blind crossover trial in sub-
jects with SAR, however, 7 days of fexofenadine was no
more effective than placebo at reducing either the nasal
symptom score or the production of inflammatory
cytokines after a nasal allergen challenge.45

Antihistamines are uniquely effective for acute aller-
gic reactions, which are mediated predominantly by mast
cell–derived histamine, and might be beneficial in
patients with intermittent allergen exposures, such as
occasional outdoor exposure during the pollen season. In
patients with continuous allergen exposures, however,
such as PAR caused by indoor allergens or after several
days of continuous exposure to seasonal allergens, they
might be little better than placebo.22,93,94

Intranasal corticosteroids (INSs) are the most effective
pharmacotherapy approved for the treatment of AR. They
are considered first-line therapy in the management of
adults with moderate-to-severe SAR or PAR.6 Several stud-
ies have demonstrated that the efficacy of INSs is superior
to that of antihistamines.95,96 Regular prophylactic use of
INSs effectively reduces sneezing, pruritus, watery rhinor-
rhea, and nasal blockage in both children and adults.6

Although efficacy is greatest with continuous administra-
tion,6 as-needed INSs have proved efficacious.97

INSs are not, however, universally effective and might
not provide complete relief in all patients, making addi-
tional or alternate therapies necessary. Combining an
INS with an antihistamine is no more effective than
monotherapy with the INS.95 The failure of INSs to pro-
vide more complete relief might reflect in part that these
agents have only limited effects on CysLTs.98-102 Finally,
despite the excellent safety profile on INSs, many
patients remain reluctant to use them.

LT modifiers have confirmed efficacy in AR23,103-107

and have a level of efficacy comparable with that of anti-
histamines.23 In patients with asthma, synergistic bene-
fits were seen when an LT receptor antagonist (LTRA)
was combined with a corticosteroid108; a similar synergy
should exist in AR. Zileuton, an LT synthesis inhibitor,
significantly reduced nasal congestion in subjects with
AR undergoing a nasal allergen challenge.104 Similarly,
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FIG 5. Symptom score improvements with montelukast.105 The
improvements of symptoms are expressed as the least-squares
mean difference from placebo. The negative difference means an
improvement in symptom with montelukast compared with
placebo. The bars represent the 95% CI. Symptom scores were
rated on a scale of 0 to 3 points (0 = best and 3 = worst) for sub-
jects with fall rhinitis treated with montelukast. The baseline score
for each symptom is given for the montelukast group. *P ≤ .001;
†P = .002.
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pranlukast, an LTRA approved for use in Japan, signifi-
cantly improved nasal edema in subjects with PAR. In
contrast, an antihistamine did not affect nasal mucosa
swelling significantly.106

The LTRAs are effective against other components of
AR. Compared with placebo, zafirlukast significantly
reduced sneezing, rhinorrhea, and nasal congestion in
patients with SAR who spent 8 hours per day for 2 con-
secutive days in a park during the peak of ragweed sea-
son.103 Similarly, in patients with fall AR, montelukast (an
LTRA recently approved for AR) significantly improved
the daytime nasal symptom score, nighttime symptom
score, daytime eye symptom score, and rhinoconjunctivi-
tis QOL (daily composite symptoms score) score com-
pared with placebo (Fig 5).105 Comparable results were
seen with montelukast in subjects with spring AR.107 This
ability to reduce symptoms of sneezing and pruritus,
which are not symptoms prominently associated with
CysLT challenges, suggests that LT modifiers might be
acting secondarily to reduce inflammation in the airway,
including production, recruitment, and activation of hista-
mine-producing cells, such as mast cells and basophils.
Furthermore, peripheral blood eosinophil counts were
reduced in subjects with AR given montelukast, which is
consistent with the synergistic influences between CysLTs
and IL-5 on eosinophilopoiesis.42,105,107

Immunotherapy should be considered in patients with a
constant need for pharmacotherapy,6 patients with adverse
effects from pharmacotherapy, and patients with refracto-
ry symptoms. Immunotherapy decreases the severity of
AR, reduces the need for pharmacotherapy, and signifi-
cantly improves QOL.6 In patients with severe rhinocon-
junctivitis that is poorly controlled by antihistamines and
INSs, specific immunotherapy reduced allergen sensitivity
by more than 10-fold, significantly decreasing total symp-
toms and reducing total antiallergic drug use.109 Further-
more, immunotherapy is the only treatment that produces
long-term immunomodulation. Both avoidance and phar-
macotherapies are effective only as long as the therapy is
sustained. The effects of immunotherapy, on the other
hand, might persist for years after treatment has been dis-
continued.6,110

Many patients have multiple antigen sensitivities,
however, and specific immunotherapy at effective doses
might not be practical. Furthermore, immunotherapy has
poor efficacy for many antigens, such as molds. This has
led to a search for new immune-based therapies capable
of attenuating allergic inflammation. One such agent is a
humanized anti-IgE antibody, rhuMAb-E25 (omalizum-
ab), which has been evaluated in the treatment of SAR.
In individuals with pollen-induced AR, rhuMAb-E25
safely reduced serum-free IgE levels.111,112 Furthermore,
rhuMAb-E25 significantly improved daily nasal symp-
tom scores, use of rescue antihistamines, and QOL in
individuals with pollen-induced AR.112 RhuMAb-E25
can also reduce anaphylaxis risk in subjects who are
receiving it, a fact that could lead to an additional use of
this treatment.113 RhuMAbE25, however, is approved
only for adults with moderate-to-severe asthma.

IMPLICATIONS OF AR MANAGEMENT ON

COMORBID DISEASES

Poorly controlled AR might contribute to the develop-
ment or worsening of other diseases, such as asthma,
serous otitis media, and CHES, but adequate treatment of
AR can improve the symptoms of these comorbid disor-
ders. The inflammation of AR starts locally in the nares.
It is in the nares and regional lymphatic tissue that aller-
gens primarily interact with the immune system. TH2
lymphocytes and eosinophils activated in the upper air-
way can migrate through the circulatory system and back
to the nares, where they sustain the inflammatory reac-
tion leading to chronic rhinitis, and to other susceptible
target organs, such as the sinuses and lung, where they
increase existing inflammatory processes.

INSs provide significant protection against comorbid
conditions. Recent data support the use of INSs in sub-
jects with AR and asthma. In these patients INSs signif-
icantly reduced the risk of an asthma-related emergency
department visit. Prescription antihistamines, on the
other hand, had no detectable effect on emergency
department visits.114 Consistent with this finding, daily
intranasal beclomethasone significantly reduced
bronchial hyperresponsiveness, an indicator of lower
airway inflammation, in patients with PAR115 and elim-
inated the increase in bronchial hyperresponsiveness
that occurs in sensitized patients with SAR.116

Intranasal fluticasone significantly reduced blood
eosinophil levels and attenuated the increase in
bronchial hyperresponsiveness during pollen season in
patients with SAR.117 These findings are consistent with
a systemic link between AR and asthma. Blocking the
inflammatory reaction in the nares ultimately reduces
bone marrow stimulation, the resultant increase in circu-
lating inflammatory cells, and the recruitment of these
cells into the airway (or, by extension, the sinuses, eyes,
or other target organs), thereby reducing bronchial
hyperresponsiveness.118

In contrast to these findings, however, neither
intranasal fluticasone nor beclomethasone significantly
influenced bronchial hyperresponsiveness during the
pollen season in subjects with mild asthma.118 These
conflicting results suggest that environmental conditions,
such as pollen load during the season being evaluated, or
patient characteristics, such as allergen or airway sensi-
tivity, might influence this response significantly.118

Although INSs have not been shown to ameliorate
CHES,119 this lack of perceived benefit might reflect
deficiencies in study design. Clinical scores are notori-
ously unreliable in assessing the presence and severity of
CHES120-122 and should not be used as outcome vari-
ables in assessing therapeutic responses. The most objec-
tive indication of CHES is a computed tomographic scan
appropriately scored to reflect volume of inflammatory
tissue within the sinuses.67 Thus it remains plausible that
through their influences on systemic and local recircula-
tion of inflammatory cells, INSs might reduce tissue
inflammation in the sinuses.
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LT modifiers have systemic bioavailability and, conse-
quently, direct access to the inflamed tissue of CHES and
asthma. In addition, LT modifiers might improve these
conditions indirectly through their ability to ameliorate
AR. Systemic anti-inflammatory effects of LTRAs have
been shown in patients with chronic asthma, in whom
montelukast significantly reduced both peripheral blood
and sputum eosinophil counts.123,124 This suggests an
effect of LTRAs on bone marrow (or on locally derived
eosinophil precursors), possibly by decreasing IL-5 pro-
duction by TH2-like lymphocytes, and the subsequent
stimulation of eosinophil production. Alternatively, LT
modifiers might also act to block the synergistic influ-
ence of CysLTs with IL-5 on eosinophil precursors.42 It
should be noted, however, that simply reducing
eosinophil production by bone marrow does not reduce
tissue eosinophilia sufficiently to produce a clinical ben-
efit, as shown by the failure of studies involving human-
ized anti–IL-5 antibodies125,126 and rIL-12.127 The ideal
clinical agent (or combination) might need to block both
the bone marrow eosinophilopoietic response and the
migration of eosinophils into the tissue. Corticosteroids,
through their inhibitory effects, including reduction of
cell migration and adhesion molecule expression, and
LTRAs, through their ability to block the chemotactic
and adhesion-promoting effects of CysLTs, can block
both facets of this inflammatory process. Thus the use of
LT modifiers in asthma was associated with a reduction
in eosinophilia in the lung.123 This ability of LTRAs to
reduce eosinophil migration into the lungs should also
apply to the sinuses, and it might ameliorate other disor-
ders characterized by eosinophilic inflammation, such as
CHES and NP. Several studies have suggested a benefi-
cial influence of LT modifiers in CHES; however, studies
using an objective outcome, such as computed tomogra-
phy scanning measures, need to be performed. In asth-
matic patients with CHES and NP, adding zileuton to
conventional inhaled or oral corticosteroid therapy
resulted not only in a significant improvement of asthma
but also in significant improvements in both rhinorrhea
and olfaction and in a trend toward less nasal stuffiness
and higher nasal inspiratory flow.128 Similarly, in
patients with NP and sinusitis, treatment with either
zileuton or zafirlukast significantly improved headache,
facial pain and pressure, ear discomfort, dentalgia, puru-
lent nasal discharge, postnasal drip, nasal congestion,
nasal polyp size, and olfaction.129

Consequently, a therapy that addresses the systemic
aspects of AR is more beneficial than a therapy with only
local effects because it improves both AR and concomitant
inflammatory disorders that might be present. Several
studies have demonstrated that treating AR decreases asth-
ma symptoms.130,131 In asthmatic children with AR, topi-
cal nasal treatment with either cromolyn or beclometha-
sone produced an 84% improvement in bronchial asthma
despite the absence of asthma maintenance therapy; fur-
thermore, this effect appeared to be independent of the
specific drug chosen for the treatment of rhinitis.130 In
adults with SAR, asthma symptoms during the peak of the

ragweed season were decreased 3-fold and 10-fold by
intranasal cromolyn and beclomethasone, respectively.131

Antihistamines block a single local mediator but are
unlikely to have beneficial effects on any of the steps
involved in this systemic loop. Topical intranasal steroids
have beneficial effects on many of these steps but cannot
cross into the sinuses. LT modifiers provide systemic anti-
inflammatory effects with an acceptable safety profile.

CONCLUSIONS

AR triggers a systemic increase of the elements of
inflammation. In addition to sustaining the rhinitis,
inflammatory cells and mediators travel through the cir-
culatory system and are able to target other susceptible
tissues, leading to the exacerbation of comorbid condi-
tions, including asthma and sinusitis. To be effective,
long-term therapy for AR should be directed at its under-
lying inflammation and the systemic manifestations of
this inflammation. Such anti-inflammatory therapies
have been shown to have beneficial effects not only on
AR but also on these comorbid conditions.
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