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Abstract: Seasonal and perennial allergic conjunctivitis are IgE-mediated, hypersensitivity ophthalmic conditions
characterized by ocular pruritus, epiphora, and hyperemia. Proper diagnosis is usually made clinically based on history
and physical examination. Diagnostic procedures are rarely necessary. Non-pharmacological measures, such as
environmental modification and proper eye care, should be considered for all patients with allergic conjunctivitis.
Pharmacological interventions may also be required. Milder cases can be treated with short-term topical ophthalmic
therapy such as a decongestant/antihistamine combination, a mast cell stabilizer, or a multi-action agent. Moderate to
severe cases may require longer usage of the above agents or the addition of an oral antihistamine. Refractory cases may
necessitate the use of topical ophthalmic corticosteroids and/or immunotherapy. Despite all the available therapeutic
agents, there continues to be a constant need to discover more effective ways to treat seasonal and perennial allergic
conjunctivitis. This review article also discusses recent patents related to the field.
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INTRODUCTION

Ocular allergy is a common hypersensitive disorder. The
disorder can be divided into several categories, namely,
seasonal allergic conjunctivitis (SAC), perennial allergic
conjunctivitis (PAC), atopic keratoconjunctivitis, vernal
keratoconjunctivitis, and giant papillary conjunctivitis [1,2].
This paper will focus mainly on SAC and PAC as they
represent the majority of all ocular allergy cases [3]. Both
SAC and PAC generally occur in response to the contact of
circulating airborne allergens with the ocular mucosal
surface, leading to IgE-mediated hypersensitivity reactions.
These may manifest as ocular pruritus, erythema, and
tearing.

EPIDEMIOLOGY

SAC and PAC are the most common forms of ocular
allergy [3,4]. In one study, over 90% of the ocular allergies
are related to either SAC or PAC [4]. The exact prevalence
of SAC and PAC is difficult to ascertain, as there is no
specific criteria for defining the problem [5]. To further
complicate the matter, many studies provided prevalence
data on “allergic rhinoconjunctivitis”, a similar and related
allergic condition involving both the eyes and the nose. Very
few studies provided similar data on the isolated involve-
ment of the eyes. Nevertheless, recent studies showed that
allergic conjunctivitis might affect up to 40% of the adult
population in the United States [6,7]. There is a paucity of
such data in the pediatric population, with most studies
concentrating on children with both nasal and ocular symp-
toms. In a worldwide study, the prevalence of rhinocon-
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junctival symptoms was 14.6% for children 13-14 years of
age [8]. In general, industrialized countries report higher
allergy prevalence [2].

SAC and PAC share some similarities but differ in their
timing, duration, and respective triggers. SAC is charac-
terized by an acute to subacute onset and a more periodic
duration, with a seasonality pattern closely linked to the type
of allergen present in the air, particularly pollens. Ocular
symptoms tend to be more severe between May and August
[6]. In general, tree pollens cause symptoms in the spring,
grass pollens in the summer, and weed pollens in the fall [9].

PAC occurs less commonly than SAC [4]. PAC is more
chronic in nature, often lasting for the entire year. The
severity of the symptoms is usually milder than those of
SAC. Dust mites, animal dander, feathers, and mold are the
most common airborne allergens implicated [9].

PATHOGENESIS

SAC and PAC are both IgE-mediated hypersensitivity
conditions, involving an acute-phase as well as a late-phase
response [3,9-15]. On exposure of the conjunctiva to an
aeroallergen, the aeroallergen is taken up by antigen-
presenting cells (e.g. Langerhans cells and dendritic cells) in
the conjunctiva, processed, and presented to T lymphocytes,
setting up the sensitization process. The resultant inflam-
matory mediators induce the production of the allergen-
specific IgE antibodies by B lymphocytes.

The acute phase reaction begins with the conjunctival re-
exposure to the same aeroallergens and the binding of these
antigens to the previously formed IgE antibodies. The
resultant antigen-antibody complexes then interact with the
mast cells, which are concentrated in the substantia propria
of the conjunctiva. These mast cells play a key role and can
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increase substantially in allergic conjunctivitis. In one study,
the mast cell number increased by 61% when comparing
patients with SAC to normal subjects [12]. This process
causes the degranulation of these cells with immediate
release of performed chemical mediators including vaso-
active amines such as histamine, proteoglycans (e.g.
heparin), and proteases (e.g. tryptase and chymase) [10, 13].
Histamine, in particular, induces vasodilation and increases
vascular permeability and mucous secretions, resulting in
symptoms such as ocular pruritus, erythema, and tearing.
The acute-phase reactions typically subside within 30 to 60
minutes. In addition to the release of preformed mediators,
activated mast cells generate de novo mediators such as lipid
mediators (e.g. prostaglandins and leukotrienes) and cyto-
kines (e.g. interleukins and tumor necrosis factors o
(TNFa)), some of which may be partially responsible for the
late phase reaction [10].

Late-phase reactions generally occur several hours later
with an influx of inflammatory cells, including neutrophils,
lymphocytes, eosinophils, mast cells, basophils, and
adhesion molecules such as ICAM-1 [11,14,16,17]. This
phase can prolong the symptoms experienced by the patients.
In a review [16] of multiple studies, 33 to 100% of the
patients, upon receiving conjunctival provocation tests, had
late phase reactions approximately 4 to 24 hours after the
early phase reaction.

CLINICAL MANIFESTATIONS AND EVALUATION

Symptomatology

The symptoms of both SAC and PAC are very similar
[3,9,14,18]. Ocular/peri-ocular pruritus is pathognomonic
[3]. Other symptoms may include conjunctival burning,
stinging, tearing, eyelid swelling, and photophobia. Some
patients report gritty, foreign body sensations in the eyes.
Most patients have bilateral involvement, with one eye
worse than the other in some cases. Features of other allergic
or atopic co-morbidities such as allergic rhinitis, atopic
dermatitis, and asthma may coexist.

The onset, duration, seasonality, and periodicity of the
symptoms can help confirm the diagnosis of SAC and
provide clues as to the possible triggers involved. Questions
about household environment and pets can provide
information about the potential causes of PAC. Allergic
conjunctivitis may have significant impact on general health
and well-being. One study found that patients with SAC had
impaired quality of life based on the validated Rhino-
conjunctivitis Quality of Life Questionnaire (RQLQ) [19].
Affected areas included sleep disturbance, emotional effects,
and effects on daily activities. Another scale used was the
National Eye Institute (US) Visual Functioning Ques-
tionnaire 25 (VFQ-25). This validated questionnaire, which
included items such as ocular pain, color vision, peripheral
vision, near vision, and distance vision, had been used
extensively to measure quality of life for a wide number of
eye conditions. In this study, SAC was also associated with
poorer perception of health and negative economic impact.
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Physical Findings

The clinical examination should include both the peri-
ocular and the ocular regions [3,9,14,18]. Initial screening of
visual acuity is important. The conjunctiva may demonstrate
hyperemia and chemosis [3,9,14,18]. Peri-orbital edema is a
sign of acute ocular allergy. Lid edema and papillary
hypertrophy along the tarsal conjunctival surface may
sometimes occur [14]. Dark circles under the eyes, as a result
of venous congestion, can sometimes be seen.

DIFFERENTIAL DIAGNOSIS

Vernal keratoconjunctivitis is a chronic bilateral ocular
inflammatory process characterized by intense ocular
itching, foreign body sensation, photophobia, and tearing [2,
18]. It generally affects children and young adolescents.
Physical examination often shows giant papillae (up to 8mm
in diameter) on the tarsal conjunctiva, white fibrinous
discharge, yellow-white dots on the conjunctiva/limbus,
Dennie’s line, or corneal ulcers [2, 18]. Atopic keratocon-
junctivitis is an ocular manifestation of atopic dermatitis
[18]. The condition is characterized by intense ocular
itching, burning, and tearing. Physical examination may
show lid eczema. Complications may include chronic ble-
pharitis and cataract formation [2, 18]. Giant papillary
conjunctivitis is a chronic immune response to long-term
exposure to foreign bodies (e.g. contact lenses) in the eyes
[2, 18]. Affected patients may present with mucoid eye dis-
charge, itchy foreign body sensation in the eyes, and
conjunctival redness [18].

Bacterial and viral conjunctivitis must be ruled out.
Conjunctival hyperemia is a common finding. Other
important clues include the absence of pruritus, the presence
of signs and symptoms of other upper respiratory infections
(e.g. pharyngeal involvement, fever, enlarged lymph nodes),
and the more acute nature of the conditions. A purulent
ophthalmic discharge and a velvety, beef-red conjunctiva
suggest a bacterial cause [14]. Other entities that can present
as “red eyes”, such as scleritis, uveitis, glaucoma, and
corneal abrasion should also be part of the differential
diagnosis. Scleritis is accompanied by scleral injection and
ocular pain while uveitis presents with ciliary injection
around the limbus. Narrow-angle glaucoma can present with
pain, a sluggish or fixed papillary response, and visual
impairment. Corneal abrasion is characterized by ocular
pain, tearing, photophobia, and decreased vision. The
abrasion can be detected by instilling fluorescein dye and
inspecting the cornea using a blue-filtered light. In the
pediatric population, Kawasaki disease, a self-limiting,
vasculitic disease, can present as a non-exudative conjunc-
tivitis. Other signs pointing toward this diagnosis include
oral mucosal changes, desquamation of the peripheral
extremities, polymorphous rash, and cervical lymphadeno-
pathy.

DIAGNOSTIC STUDIES

The majority of allergic conjunctivitis can be diagnosed
with a careful history and a thorough physical examination.
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Most of the diagnostic procedures are performed either for
confirmation of doubtful cases or for academic/research
purposes [3,9,14]. Conjunctival scrapings can be used for the
diagnosis of allergic conjunctivitis. The eye is usually treated
with a topical ophthalmic anesthetic such as tetracaine.
Conjunctival sampling from the inner lower lid can then be
taken, spread and stained on a glass slide. The discovery of
eosinophils in the conjunctival sample is indicative of
allergic conjunctivitis. Up to 80% of patients with allergic
conjunctivitis will have positive findings. The absence of
eosinophils should prompt the clinician to repeat sampling as
eosinophils may situate deep in the conjunctiva. Purulent
ophthalmic discharge should be sent for culture.

Ocular provocation tests can be performed by instilling
an allergen-containing solution into the conjunctival sac [14,
20]. Post-provocation reproduction of the patient’s symp-
toms and signs helps to identify the offending allergens.

MANAGEMENT

The management of both SAC and PAC are quite similar
and involve both non-pharmacological measures and phar-
macologic modalities.

Non-Pharmacological Measures

All patients with SAC and PAC should consider non-
pharmacological measures. These interventions may include
environmental modification through the identification to
avoid primary triggers and general eye care using eye
lubricant, proper contact lens care, and eye compresses [3, 9,
14]. They are mainly based on expert opinion and consensus.

Environmental Modification

The avoidance of triggers and allergens is the mainstay of
the management [3, 9, 14]. Strategies possibly effective for
SAC prevention include avoiding outdoor activities during
high pollen times, keeping house and car windows closed
during peak seasons, and using indoor air conditioner and air
filtering systems.

For the prevention of PAC, indoor allergens can be
minimized by using physical barriers (e.g. covers for
mattress, pillows, and beddings), by minimizing reservoirs
(e.g. old carpet, upholstery, and plush toys), and by reducing
allergen load (e.g. washing pillows and mattresses). If
animal dander is the trigger, contact with any pet or visita-
tion to any home with pets should be minimized.

General Eye Care

Decreased tear production or increased tear evaporation
can contribute to the symptoms of gritty feeling in the eyes,
pruritus, pain, and photophobia [18,21-23]. Certain medi-
cations, such as antihistamines, antipsychotics, and anti-
cholinergics, can lead to dryness in the eyes [24-26]. There-
fore, the reduction in the use of these medications is part of
the management for SAC and PAC. Eye lubricants, which
contain saline and other components such as methyl-
cellulose, can be invaluable for relieving the symptoms of
allergic conjunctivitis by keeping the ocular surface moist
and by potentially diluting the tear levels of allergen and
mediators. Frequent applications up to six times daily of
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these artificial tears can be effective. Numerous brands of
ocular lubricants are available and their choices are based on
effectiveness on the individual and patient preference. Cold
compresses and sterile irrigation can also be used to provide
further relief of the pruritus often seen with allergic
conjunctivitis [3,9].

Contact lenses, particularly the soft ones, can increase
allergen accumulation by disallowing proper tear exchange
underneath the lenses. They may also contribute to tear film
insufficiency by permitting greater tear evaporation from the
lens. Contact lens wear during allergic episodes can increase
irritation to the eyes [27]. Preservatives, such as thimerosal
and sorbate, in contact lens solutions can further sensitize the
eyes.

Pharmacotherapy

Patients with SAC and PAC who do not find non-
pharmacological measures alone adequate or practical may
resort to pharmacotherapy [3,9,14]. There are several major
classes of medications currently available for the manage-
ment of allergic conjunctivitis: decongestants, antihista-
mines, mast cell stabilizers, multi-action agents, and
corticosteroids Table 1. For milder cases, short-term usage of
topical ophthalmic product such as a decongestant/antihis-
tamine combination, a mast cell stabilizer, or multi-action
agent will suffice. The choice of products depends on
individual patient’s response and tolerability as well as the
practitioner’s familiarity with the products. Moderate to
severe cases may require longer usage of the above agents or
the addition of an oral antihistamine. Refractory cases may
sometimes necessitate the use of topical corticosteroid and/or
immunotherapy.

Table 1. Pharmacotherapy for SAC and PAC
Decongestants Naphazoline, tetrahydrozoline, oxymetazoline,
(Topical) phenylephrine

Antihistamines (Oral) First generation: chlorpheniramine,

diphenhydramine, hydroxyzine, pheniramine

Newer generation: loratadine, desloratadine,
fexofenadine, cetirizine

Antihistamines First generation: pheniramine

(Topical) Newer generation: levocabastine, emedastine

Mast cell stabilizers Sodium cromoglycate, lodoxamide, pemirolast

(Topical)

Multi-action agents
(Topical)

Nedocromil, olopatadine, ketotifen, azelastine,
epinastine

Non-steroidal anti- Ketorolac, diclofenac
inflammatory drugs

(Topical)

Corticosteroid
(Ophthalmic)

Prednisolone, dexamethasone, loteprednol

Other ophthalmic corticosteroid not
mentioned: rimexolone, fluorometholone,

medrysone
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Decongestants

Topical decongestants are generally adrenergic agonists
that act as vasoconstrictors. Agents such as naphazoline,
tetrahydrozoline, oxymetazoline, and phenylephrine, provide
short-term symptomatic relief by reducing edema and
erythema [28-31]. These vasoconstrictive agents are usually
packaged with topical antihistamines [e.g. pheniramine] as
combination products and their combined effect is generally
considered more effective than either one alone [31-33]. The
usual recommendation is the instillation of one to two drops
up to four times daily during acute episodes. Adverse
reactions are uncommon for short-term usage. The most
common side effect is local burning [34]. One of the more
recognized drawbacks of topical decongestant is conjunctival
inflammation after prolonged use [30]. One study identified
several patterns of conjunctival inflammation after daily
decongestant use for a median of three years. The most
common pattern was a pharmacologically induced conjunc-
tival hyperemia upon sudden withdrawal of the vaso-
constrictor after prolonged use. All patterns of conjunctival
inflammation generally resolved after a median time of 4
weeks [34].

Antihistamines

In the conjunctiva, histamine activates both H; and H,
receptors, leading to local vasodilation, increased vascular
permeability, and pruritus. Antihistamines, both systemically
and topically, are used for the management of SAC and PAC
[25]. First generation oral antihistamines, such as chlor-
pheniramine, diphenhydramine, hydroxyzine, and phenira-
mine, have been useful in reducing histamine related effects;
however, they are non-selective and cause significant
drowsiness [25,35,36]. They also cause a number of unwan-
ted anticholinergic side effects such as dryness of the nose
and mouth, constipation, and altered mental state, parti-
cularly in the elderly [37]. Furthermore, they can lead to dry
eyes, which would complicate the symptoms of allergic
conjunctivitis [30].

Second generation oral antihistamines are more specific
for the H; receptors [35]. Multiple studies reported clinical
effectiveness with their use in allergic conjunctivitis [38-43].
Furthermore, they can be used to treat coexisting allergic
rhinitis. However, terfenadine and astemizole can cause
serious cardiovascular events, including QT prolongation,
torsades de pointes, and cardiac dysrhythmia, particularly in
patients with underlying cardiac diseases or serious hepatic
impairment [35,44]. Terfenadine and astemizole were
withdrawn from the US market in the late 1990s. The newer
agents, such as loratadine, desloratadine, fexofenadine, and
cetirizine, do not induce these cardiotoxic effects. They are
also less lipophilic than their first generation counterparts
and, thus, cross the blood-brain barrier poorly, thereby
minimizing their sedative effect [36]. Due to their better
safety profile, these medications have mostly replaced the
first generation oral antihistamines for ocular allergies.
These medications also seem to be effective and safe in
children [45]. In general, however, oral antihistamines
should not be used as monotherapy but, rather, as adjuncts to
topical therapy due to their slower onset of action and their
less direct site of action. Several studies demonstrated better
results with combined oral and topical therapy [9,46-48].
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As mentioned before, topical antihistamine is widely
available as combination products with topical decongestant.
These topical over-the-counter products usually contain first
generation antihistamines that may be more irritating to the
eyes and, due to their non-selective nature and anti-
cholinergic effect, may potentially lead to unwanted photo-
phobia and blurred vision. They may also produce a
mydriatic effect that would make them contraindicated in
narrow-angle glaucoma. Although rapid in onset, often faster
than that of oral antihistamines, they have very short
duration of action, usually lasting only two hours [9,30].

Newer generation topical antihistamines are more
effective and tolerable. Levocabastine, often given as a
0.05% solution up to four times daily, is a specific H;
antagonist that produces a more rapid onset and a longer
duration of action [30]. Some studies demonstrated the
effectiveness of levocabastine in relieving ocular symptoms
[49-51]. Levocabastine was shown to be at least as effective
as mast cell stabilizers, such as sodium cromoglycate [52-54]
and lodoxamide [55], and multi-action agent, such as
nedocromil [56]. This medication exerts little systemic effect
as only a small amount of the drug is absorbed systemically.
The most common side effect is local stinging and burning.

Emedastine, another selective topical antihistamine, is
generally given as a 0.05% solution up to four times daily. In
several trials, emedastine, when compared to levocabastine,
seemed to be more effective [57-60]. There are also studies
showing that emedastine was better in reducing pruritus and
erythema than other agents, such as loratadine [47] and
nedocromil [61], and was at least equivalent in efficacy to
ketotifen, a multi-action agent [30,62]. The most common
side effect for emedastine is headache.

Mast Cell Stabilizers

Mast cell stabilizers exert their effects by inhibiting the
antigen-induced degranulation process of the mast cells,
preventing the exocytosis of preformed mediators that
eventually lead to SAC and PAC. They have no effect on
already-synthesized and released inflammatory mediators
[30]. As such, mast cell stabilizers are more effective if
started early and used prophylactically. Their onset of action
is much slower, often taking two to three days. The
requirement for frequent administration at four times daily
reduces compliance in patients [30]. They are all well
tolerated and safe. The classic example is sodium cromo-
glycate. Other agents in the same family include lodoxamide
and pemirolast.

Sodium cromoglycate, available as a 4% solution, usually
acts slowly and requires two to five days of frequent
administration, up to four to six times daily, before onset of
symptom relief occurs. It also requires two weeks for
maximal effect. The medication is effective in the relief of
allergic symptoms, such itching and tearing [63-70]. When
compared to multi-action agents, sodium cromoglycate
appeared to be similar in efficacy to azelastine [67] but
inferior to ketotifen [68]. In one study comparing with olopa-
tadine, sodium cromoglycate was comparable in reducing
ocular itchiness and redness at 4 hours but significantly less
effectiveness at 42 days [69]. The major adverse effect is
local burning/stinging [30].
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Lodoxamide, available as a 0.1% solution, is 2500 times
more potent than cromoglycate in preventing the release of
mediators from mast cells [14,30]. One randomized, pla-
cebo-controlled trial in patients with allergic conjunctivitis
showed that patients on lodoxamide for 4 weeks had
significantly fewer symptoms of pruritus, photophobia,
tearing, and swelling than patients on cromoglycate [67]. In
a head-to-head trial with levocabastine, both medications
appeared to be equal in effectiveness and safety [55].

Pemirolast, available as a 0.1% solution, is 100 times
more potent in-vitro, than sodium cromoglycate [30]. It was
significantly better than placebo in reducing ocular symp-
toms [71]. Pemirolast was similar effectiveness in symptom
improvement when compared bromofenac [72], a non-
steroidal anti-inflammatory drug (NSAID), and nedocromil
[73]. A clinical trial showed that pemirolast could be used
effectively as a twice daily versus a four times daily regimen
[74]. This can potentially improve compliance.

Multi-Action Agents

There are several medications in this class of topical
therapy characterized by inhibition of allergy by multiple
pathways. Most of the available agents, including nedocro-
mil, olopatadine, ketotifen, azelastine, and epinastine,
involve mainly the combined antihistaminic, anti-inflam-
matory, and mast cell stabilizing action [30]. Many of them
also inhibit the expression of ICAM-1, an adhesion molecule
required for the infiltration of inflammatory cells. In general,
all of these medications are well tolerated.

Nedocromil has originally been classified as a pure mast
cell stabilizer, similar to sodium cromoglycate. However,
recent evidence showed that nedocromil has other activities,
such as its inhibitory effects on H; receptors, tumor necrosis
factor o, and inflammatory cells (e.g. eosinophils and
neutrophils) [14,30,75]. Placebo-controlled studies demons-
trated the ability of nedocromil to reduce pruritus in allergic
conjunctivitis, particularly in SAC [76-80]. It was postulated
that nedocromil can act more rapidly than sodium
cromoglycate because of its added anti-inflammatory action
[75]. However, there was no difference in clinical outcome
in a head-to-head study comparing nedocromil with sodium
cromoglycate for SAC [81]. Nedocromil can be given as a
2% solution on a twice-daily basis.

Olopatadine possesses inhibitory activity against H;
receptors and inflammatory lipid mediators [30, 82, 83]. It
also has mast cell stabilization capability [30, 82, 83].
Placebo-controlled studies demonstrate significant clinical
improvement with the use of olopatadine [84-86]. When
compared to other medications in conjunctival allergen
challenge models, olopatadine was shown to be superior than
other multi-action agents, including nedocromil [87],
ketotifen [88] and azelastine [89], and ketorolac [90].
Clinical trials also showed that olopatadine was more
effective in reducing ocular symptoms than nedocromil [91]
and sodium cromoglycate [69]. The medication, originally
available as a 0.1% solution for twice daily administration,
has been marketed recently as a 0.2% solution for once daily
administration to enhance compliance [92-94].

Ketotifen, given as a 0.025% solution in a twice-daily
dosing regimen, acts on several different pathways. It is a
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non-competitive H; antagonist, a mast cell stabilizer, an
inhibitor of leukotriene formation, and an inhibitor of
eosinophils [30]. Ketotifen was found to be superior in the
relief of ocular symptoms, particularly pruritus and hypere-
mia, when compared to placebo and cromoglycate [95]. On
the other hand, when compared head to head with olopa-
tadine, the current literature exhibited mixed results [96-98].

Azelastine interferes with calcium influx in mast cells,
inhibits H; histamine receptor, reduces eosinophil chemo-
taxis, and inhibits platelet-activating factor [14,30]. Azelas-
tine is available as a 0.05% solution for twice daily
administration. Azelastine, when compared to placebo,
appeared to be more effective in patients with PAC [99, 100]
and SAC [101, 102]. Azelastine seemed to be similar in
effectiveness when going head-to-head against sodium
cromoglycate [67] and levocabastine [103]. One study
indicated that azelastine was less effective in the manage-
ment of pruritus when compared to olopatadine [89].

Epinastine, a combined H;, and H, antagonist and mast
cell stabilizer, can be used for the prevention of pruritus in
allergic conjunctivitis [14,30,104]. Epinastine can be given
as a 0.05% solution twice daily. The medication has a very
rapid onset of action with long lasting effects (at least 8
hours) [105]. Several studies compared epinastine to other
agents. Epinastine was similar to levocabastine in the ability
to reduce ocular pruritus and hyperemia. [106]. When com-
pared to olopatadine, epinastine appeared to be less effective
[107, 108]. The medication is well tolerated and is not
associated with any higher adverse events than placebo
[104].

Non-Steroidal Anti-Inflammatory Drugs (NSAID)

Ketorolac and diclofenac act by binding to the cyclooxy-
genase thereby blocking prostaglandin synthesis [14,30].
Topical application of these medications is effective in
relieving symptoms of ocular pruritus and hyperemia in
allergic conjunctivitis [109-111]. Both medications are
generally well tolerated, with local stinging and burning
being the most common side effects [30]. Compared to
corticosteroids, ketorolac and diclofenac do not mask ocular
infection, affect wound healing, increase intraocular pres-
sure, or contribute to cataract formation [30].

Corticosteroids

Corticosteroids act mainly on the inflammation pathway.
By inhibiting phospholipase A, corticosteroids block the
synthesis of both prostaglandins and leukotriene from
arachidonic acid. They also prevent the production of
inflammatory proteins at the nuclear transcription level [30].
Two commonly used ophthalmic corticosteroids include
prednisolone and dexamethasone. Corticosteroids are strong
anti-inflammatory medications and, when instilled into the
eyes, can cause potentially serious side effects such as
increased intraocular pressure, cataracts, and infections of
the cornea and conjunctiva [14,30]. In general, topical
corticosteroids are reserved for more persistent and/or severe
cases of allergic conjunctivitis [14].

Loteprednol, a newer generation -corticosteroid for
ophthalmic use, has been shown to be effective for allergic
conjunctivitis [112, 113] and, because it is broken down
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quickly into inactive metabolites, has a less propensity to
increase intraocular pressure [114]. A retrospective review
showed that loteprednol was safe to use for over 12 months
in patients with SAC and PAC [115]. Nevertheless, ophthal-
mic corticosteroid use requires constant monitoring and is
contraindicated in patients with infectious ocular diseases.

Immunotherapy

Immunotherapy should be considered for patients who do
not respond to conventional pharmacotherapy [116].
Allergen immunotherapy involves a process of introducing
allergens in increasing doses over extended periods of time
to individuals in order to slowly enhance tolerance to the
allergens. Studies have also shown that subcutaneous
immunotherapy is effective in reducing conjunctival symp-
toms with resultant better quality of life, and reduced the
need for medication use [117-119]. One study has even
demonstrated that children who have had pollen immuno-
therapy for seasonal rhinoconjunctivitis had a reduction in
the future development of asthma [120]. On the other hand, a
recent systematic review of immunotherapy in children and
adolescents with allergic rhinoconjunctivitis did not find
conclusive evidence for positive effects from immuno-
therapy [121]. Currently, there is a lack of evidence for the
use of immunotherapy as the primary therapeutic modality in
allergic conjunctivitis.

CURRENT & FUTURE DEVELOPMENTS

Most cases of SAC and PAC can be effectively treated
with a combination of non-pharmacological measures and
pharmacological modalities. Nevertheless, there are a
number of patients who do not respond to these therapies. As
such, there is a constant need for research on novel medical
agents with different mechanism of action. Compliance has
always been an issue in the management of SAC and PAC.
Most medications require at least twice daily administration.
Some patents of new agents, such as a once-daily formu-
lation would simplify the treatment regimen. Olopatadine
has been available as a 0.1% solution for twice daily
administration. Recently, a 0.2% solution has been made
available for only once daily administration [92-94].

The more novel treatment approach is the use of intra-
nasal steroid, such as fluticasone, mometasone, budesonide,
flunisolide, and beclomethasone, for the management of
allergic conjunctivitis as ocular symptoms may be part of the
manifestation of a general IgE-mediated allergic reaction or
allergic rhinoconjunctivitis [122-127]. A meta-analysis of
nine clinical trials (n=648) showed that intranasal steroids
produced similar results as topical antihistamines in the
treatment of ocular symptoms [128]. The mechanism of
action behind intranasal steroids on the allergic eye is not
fully understood. It has been postulated that reflux of
medication via the nasolacrimal route, improved drainage in
the nasolacrimal duct, and systemic immune effects might be
responsible [122].

Recently, Marx and Muller disclosed the use of a
combination of ciclesonide and an antihistamine in a nasal
spray for the treatment of allergic rhinoconjunctivitis [129].
Ciclesonide, a novel corticosteroid prodrug, is converted into
its active metabolite, desisobutyryl-ciclesonside, by the
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mucosal esterases in the respiratory tract. Such combination
may potentially provide both prolonged and immediate
symptom relief and allow for lower doses of each component
to produce beneficial effects [130].

Another area that is creating some interest is the use of
recombinant DNA technology to produce allergen specific
immunotherapy vaccines [131]. In a two-year, randomized,
double-blinded, placebo-controlled study of patients with
rhinoconjunctivitis (n=134), recombinant birch pollen
vaccine was safe and effective in treating birch pollen allergy
and induced a highly specific immune response [131].

Topical tacrolimus has been found to be in the manage-
ment of intractable PAC and vernal keratoconjunctivitis
[132]. Tacrolimus works by binding to a cytoplasmic immu-
nophilin. The complex inhibits the activity of calcineurin to
dephosphorylate the transcription factor required to activate
IL-2 gene transcription, thereby suppressing cytokine
production by the T-cells [132]. In a pilot study involving 20
patients (mean age 10.8 years, range 6-26), there was
significant improvement in conjunctival score after 8 weeks
of application of the tacrolimus 0.03% ointment into the
conjunctival sacs [132]. Adverse events were limited to local
burning in one patient.

Cyclosporin is an immunomodulator that has been long
used for various conditions such as rheumatoid arthritis and
organ transplantation. It may have an effect in inhibiting the
antigen processing and presentation to T lymphocytes.
Recently, cyclosporin was found to be effective in the
treatment of patients with severe allergic keratoconjunctivitis
and vernal keratoconjunctivitis [133, 134]. No trial has been
done on patients with steroid-dependent SAC and PAC;
however, these studies may potentially provide grounds for
the further investigation.

Activated mast cells, as found in allergic conjunctivitis,
can produce and release TNFa, a cytokine that serves to
activate endothelial cells to recruit eosinophils and other
inflammatory cell types at the site of immediate hyper-
sensitivity reactions, giving rise to the late-phase of the
allergic response and sustained inflammation. An anti-TNFa
drug is any agent that decreases, interferes, or blocks the
activity of TNFa. It can potentially help in the relief of the
symptoms of allergic conjunctivitis. Possible agents
currently available include etanercept, a soluble receptor
fusion protein that binds to soluble TNF to neutralize its
activity, infliximab, a chimeric monoclonal antibody that
binds both soluble and membrane-bound TNF, and adali-
mumab, a human monoclonal antibody with binding pro-
perties similar to infliximab. Recently, Yanni ef al. disclosed
an ophthalmic formulation comprising a TNF inhibitor and
an H;, receptor antagonist to treat patients with allergic
conjunctivitis [135]. Such compound may provide both
immediate and long-term relief of allergic conjunctivitis
[135].

New targets for the treatment of SAC and PAC are
constantly being found. One example is the acidic mam-
malian chitinase (AMCase) [136]. This protein was pre-
viously found to be increased in the lung tissues of asthmatic
patients. Recently, authors from one study found that levels
of AMCase were significantly increased in patients with
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SAC and vernal keratoconjunctivitis when compared to
healthy subjects [136]. One early study on rabbits showed
that the uveitis induced by ophthalmic lipopolysaccharide
instillation was associated with significant increases in the
tear levels of AMCase [137]. When topical administration of
known AMCase inhibitors, such as caffeine and allosamidin,
were used, significant reduction in AMCase activities were
observed [137].

CONFLICT OF INTEREST

Dr. Wong, Dr. Barg, and Dr. Leung have disclosed no
relevant financial relationship.

ACKNOWLEDGEMENT

The authors have received no external funding for the
preparation of this article.

REFERENCES

[1] Hodges MG, Keane-Myers AM. Classification of ocular allergy.
Curr Opin Allergy Clin Immunol 2007; 7(5): 424-428.

[2] Bielory L. Ocular allergy overview. Immunol Allergy Clin North
Am 2008; 28(1):1-23.

[3] Ono SJ, Abelson MB. Allergic conjunctivitis: update on
pathophysiology and prospects for future treatment. J Allergy Clin
Immunol 2005; 115(1): 118-122.

[4] Uchio E, Kimura R, Migita H, Kozawa M, Kadonosono K.
Demographic aspects of allergic ocular diseases and evaluation of
new criteria for clinical assessment of ocular allergy. Graefes Arch
Clin Exp Ophthalmol 2008; 246(2): 291-296.

[5] Calonge M. Classification of ocular atopic/allergic disorders and
conditions: an unsolved problem. Acta Ophthalmol Scand Suppl
1999; 228:10-13.

[6] Singh K, Bielory L. Epidemiology of ocular allergy symptoms in
United States adults (1988-1994). Ann Allergy 2007; 98: A22.

[7] Amod R. Immunology of allergic eye disease. Curr Allergy Clin
Immunol 2006; 9: 70-73.

[8] Ait-Khaled N, Pearce N, Anderson HR, Ellwood P, Montefort S,
Shah J. Global map of the prevalence of symptoms of
rhinoconjunctivitis in children: The International Study of Asthma
and Allergies in Childhood (ISAAC) Phase Three. Allergy 2009;
64(1): 123-148.

[9] Butrus S, Portela R. Ocular allergy: Diagnosis and treatment.
Ophthalmol Clin North Am 2005; 18(4): 485-492.

[10] Irani AM. Ocular mast cells and mediators. Immunol Allergy Clin
North Am 2008; 28(1): 25-42.

[11] Leonardi A, De Dominicis C, Motterle L. Immunopathogenesis of
ocular allergy: a schematic approach to different clinical entities.
Curr Opin Allergy Clin Immunol 2007; 7(5): 429-435.

[12] Anderson DF, MacLeod JD, Baddeley SM, et al. Seasonal allergic
conjunctivitis is accompanied by increased mast cell numbers in
the absence of leucocyte infiltration. Clin Exp Allergy 1997; 27(9):
1060-1066.

[13] Leonardi A, Borghesan F, Faggian D, Depaoli M, Secchi AG,
Plebani M. Tear and serum soluble leukocyte activation markers in
conjunctival allergic diseases. Am J Ophthalmol 2000; 129(2):151-
158.

[14] Bielory L, Friedlaender MH. Allergic conjunctivitis. Immunol
Allergy Clin North Am 2008; 28(1): 43-58.

[15] Kari O, Salo OP, Halmepuro L, Suvilehto K. Tear histamine during
allergic conjunctivitis challenge. Graefes Arch Clin Exp
Ophthalmol 1985; 223(2): 60-62.

[16] Choi SH, Bielory L. Late-phase reaction in ocular allergy. Curr
Opin Allergy Clin Immunol 2008 8(5): 438-444.

[17] Bonini S, Vecchione A, Naim DM, Allansmith MR, Balsano F.
Inflammatory changes in conjunctival scrapings after allergen
provocation in humans. J Allergy Clin Immunol 1988;82(3 Pt 1):
462-469.

[18] Granet D. Allergic rhinoconjunctivitis and differential diagnosis of
the red eye. Allergy Asthma Proc 2008; 29(6): 565-574.

[19]

[20]

[21]

[22]
(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

Pitt AD, Smith AF, Lindsell L, Voon LW, Rose PW, Bron Al.
Economic and quality-of-life impact of seasonal allergic conjunc-
tivitis in Oxfordshire. Ophthalmic Epidemiol 2004;11(1): 7-33.
Friedlaender MH. Conjunctival provocation testing: overview of
recent clinical trials in ocular allergy. Int Ophthalmol Clin 2003;
43(1): 95-104.

Lobefalo L, D'Antonio E, Colangelo L, ef al. Dry eye in allergic
conjunctivitis: role of inflammatory infiltrate. Int J Immunopathol
Pharmacol 1999; 12(3): 133-137.

Suzuki S, Goto E, Dogru M, et al. Tear film lipid layer alterations
in allergic conjunctivitis. Cornea 2006; 25(3): 277-280.

Bielory L. Ocular allergy and dry eye syndrome. Curr Opin Allergy
Clin Immunol 2004; 4(5): 421-424.

Ousler GW 3rd, Workman DA, Torkildsen GL. An open-label,
investigator-masked, crossover study of the ocular drying effects of
two antihistamines, topical epinastine and systemic loratadine, in
adult volunteers with seasonal allergic conjunctivitis. Clin Ther
2007;29(4): 611-616.

Bielory L, Lien KW, Bigelsen S. Efficacy and tolerability of newer
antihistamines in the treatment of allergic conjunctivitis. Drugs
2005; 65(2): 215-228.

Welch D, Ousler GW 3rd, Nally LA, Abelson MB, Wilcox KA.
Ocular drying associated with oral antihistamines (loratadine) in
the normal population-an evaluation of exaggerated dose effect.
Adv Exp Med Biol 2002; 506 (Pt B): 1051-1055.

Suchecki JK, Donshik P, Ehlers WH. Contact lens complications.
Ophthalmol Clin North Am. 2003; 16(3): 471-484.

Smith JP, Lanier BQ, Tremblay N, Ward RL, deFaller JM.
Treatment of allergic conjunctivitis with ocular decongestants. Curr
Eye Res 1982; 2(2): 141-147.

Fox SL, Samson CR, Danzig MR. Oxymetazoline in the treatment
of allergic and non-infectious conjunctivitis. J Int Med Res 1979;
7(6): 528-530.

Bielory L. Ocular allergy treatment. Immunol Allergy Clin North
Am 2008; 28(1): 189-224.

Abelson MB, Paradis A, George MA, Smith LM, Maguire L, Burns
R. Effects of Vasocon-A in the allergen challenge model of acute
allergic conjunctivitis. Arch Ophthalmol 1990; 108(4): 520-524.
Abelson MB, Yamamoto GK, Allansmith MR. Effects of ocular
decongestants. Arch Ophthalmol 1980; 98(5): 856-858.

Miller J, Wolf EH. Antazoline phosphate and naphazoline
hydrochloride, singly and in combination for the treatment of
allergic conjunctivitis-a controlled, double-blind clinical trial. Ann
Allergy 1975;35(2): 81-86.

Soparkar CN, Wilhelmus KR, Koch DD, Wallace GW, Jones DB.
Acute and chronic conjunctivitis due to over-the-counter
ophthalmic decongestants. Arch Ophthalmol 1997; 115(1): 34-38.
Simons FE. Advances in Hl-antihistamines. N Engl J Med 2004;
351(21): 2203-2217.

Timmerman H. Factors involved in the absence of sedative effects
by the second-generation antihistamines. Allergy 2000; 55 (Suppl
60):5-10.

Hansen J, Klimek L, Hormann K. Pharmacological management of
allergic rhinitis in the elderly: Safety issues with oral antihista-
mines. Drugs Aging 2005; 22(4): 289-296.

Schoeneich M, Pecoud AR. Effect of cetirizine in a conjunctival
provocation test with allergens. Clin Exp Allergy 1990; 20(2): 171-
174.

Ciprandi G, Buscaglia S, Pesce GP, Marchesi E, Canonica GW.
Protective effect of loratadine on specific conjunctival provocation
test. Int Arch Allergy Appl Immunol 1991; 96(4): 344-347.
Ciprandi G, Buscaglia S, Marchesi E, Danzig M, Cuss F, Canonica
GW. Protective effect of loratadine on late phase reaction induced
by conjunctival provocation test. Int Arch Allergy Immunol 1993;
100(2): 185-189.

Panayotopoulos SM, Panayotopoulou ES. Efficacy of cetirizine in
the treatment of seasonal allergic rhinoconjunctivitis. Ann Allergy
1990; 65(2): 146-148.

Masi M, Candiani R, van de Venne H. A placebo-controlled trial of
cetirizine in seasonal allergic rhino-conjunctivitis in children aged
6 to 12 years. Pediatr Allergy Immunol 1993; 4(4 Suppl): 47-52.
Meltzer EO, Jalowayski AA, Vogt K, Iezzoni D, Harris AG. Effect
of desloratadine therapy on symptom scores and measures of nasal
patency in seasonal allergic rhinitis: Results of a single-center,
placebo-controlled trial. Ann Allergy Asthma Immunol 2006;
96(2): 363-368.



8 Recent Patents on Inflammation & Allergy Drug Discovery 2009, Vol. 3, No. 2

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

Soldovieri MV, Miceli F, Taglialatela M. Cardiotoxic effects of
antihistamines: From basics to clinics (...and back). Chem Res
Toxicol 2008; 21(5): 997-1004.

Pearlman DS, Lumry WR, Winder JA, Noonan MIJ. Once-daily
cetirizine effective in the treatment of seasonal allergic rhinitis in
children aged 6 to 11 years: A randomized, double-blind, placebo-
controlled study. Clin Pediatr 1997; 36(4): 209-215.

Crampton HJ. Comparison of ketotifen fumarate ophthalmic
solution alone, desloratadine alone, and their combination for
inhibition of the signs and symptoms of seasonal allergic
rhinoconjunctivitis in the conjunctival allergen challenge model: A
double-masked, placebo- and active-controlled trial. Clin Ther
2003;25(7): 1975-1987.

Abelson MB, Kaplan AP. A randomized, double-blind, placebo-
controlled comparison of emedastine 0.05% ophthalmic solution
with loratadine 10 mg and their combination in the human
conjunctival allergen challenge model. Clin Ther 2002; 24(3): 445-
456.

Lanier BQ, Gross RD, Marks BB, Cockrum PC, Juniper EF.
Olopatadine ophthalmic solution adjunctive to loratadine compared
with loratadine alone in patients with active seasonal allergic
conjunctivitis symptoms. Ann Allergy Asthma Immunol 2001;
86(6): 641-648.

Abelson MB, George MA, Schaefer K, Smith LM. Evaluation of
the new ophthalmic antihistamine, 0.05% levocabastine, in the
clinical allergen challenge model of allergic conjunctivitis. J
Allergy Clin Immunol 1994; 94(3 Pt 1): 458-464.

Janssens M. Efficacy of levocabastine in conjunctival provocation
studies. Doc Ophthalmol 1992; 82(4): 341-351.

Fujishima H, Fukagawa K, Takano Y, ef al. The early efficacy of
topical levocabastine in patients with allergic conjunctivitis.
Allergol Int 2006; 55(3): 301-303.

Ciprandi G, Cerqueti PM, Sacca S, Cilli P, Canonica GW.
Levocabastine versus cromolyn sodium in the treatment of pollen-
induced conjunctivitis. Ann Allergy 1990; 65(2): 156-158.

Frostad AB, Olsen AK. A comparison of topical levocabastine and
sodium cromoglycate in the treatment of pollen-provoked allergic
conjunctivitis. Clin Exp Allergy 1993; 23(5): 406-409.

Vermeulen J, Mercer M. Comparison of the efficacy and
tolerability of topical levocabastine and sodium cromoglycate in
the treatment of seasonal allergic rhinoconjunctivitis in children.
Pediatr Allergy Immunol 1994; 5(4): 209-213.

Richard C, Trinquand C, Bloch-Michel E. Comparison of topical
0.05% levocabastine and 0.1% lodoxamide in patients with allergic
conjunctivitis. Study Group. Eur J Ophthalmol 1998; 8(4): 207-
216.

Hammann C, Kammerer R, Gerber M, Spertini F. Comparison of
effects of topical levocabastine and nedocromil sodium on the early
response in a conjunctival provocation test with allergen. J Allergy
Clin Immunol 1996; 98(6 Pt 1): 1045-1050.

Verin P, Easty DL, Secchi A, et al. Clinical evaluation of twice-
daily emedastine 0.05% eye drops (Emadine eye drops) versus
levocabastine 0.05% eye drops in patients with allergic
conjunctivitis. Am J Ophthalmol 2001; 131(6): 691-698.

Netland PA, Leahy C, Krenzer KL. Emedastine ophthalmic
solution 0.05% versus levocabastine ophthalmic suspension 0.05%
in the treatment of allergic conjunctivitis using the conjunctival
allergen challenge model. Am J Ophthalmol 2000; 130(6): 717-
723.

Secchi A, Leonardi A, Discepola M, Deschenes J, Abelson MB. An
efficacy and tolerance comparison of emedastine difumarate 0.05%
and levocabastine hydrochloride 0.05%: Reducing chemosis and
eyelid swelling in subjects with seasonal allergic conjunctivitis.
Emadine Study Group. Acta Ophthalmol Scand Suppl. 2000(230):
48-51.

Secchi A, Ciprandi G, Leonardi A, Deschenes J, Abelson MB.
Safety and efficacy comparison of emedastine 0.05% ophthalmic
solution compared to levocabastine 0.05% ophthalmic suspension
in pediatric subjects with allergic conjunctivitis. Emadine Study
Group. Acta Ophthalmol Scand 2000; (Suppl 230): 42-47.

Orfeo V, Vardaro A, Lena P, Mensitieri I, Tracey M, De Marco R.
Comparison of emedastine 0.05% or nedocromil sodium 2% eye
drops and placebo in controlling local reactions in subjects with
allergic conjunctivitis. Eur J Ophthalmol 2002; 12(4): 262-266.
D'Arienzo PA, Leonardi A, Bensch G. Randomized, double-
masked, placebo-controlled comparison of the efficacy of

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

(81]

Wong et al.

emedastine difumarate 0.05% ophthalmic solution and ketotifen
fumarate 0.025% ophthalmic solution in the human conjunctival
allergen challenge model. Clin Ther 2002; 24(3): 409-416.
Greenbaum J, Cockcroft D, Hargreave FE, Dolovich J. Sodium
cromoglycate in ragweed-allergic conjunctivitis. J Allergy Clin
Immunol 1977; 59(6): 437-439.

Ruggieri ML, Scorcia G. Double-blind group comparative trial of
sodium cromoglycate eye ointment and placebo in the treatment of
allergic eye diseases. Ann Allergy 1987; 58(2): 109-112.
Simon-Licht IF, Dieges PH. A double-blind clinical trial wtih
cromoglycate eye drops in patients with atopic conjunctivitis. Ann
Allergy 1982; 49(4): 220-224.

van Bijsterveld OP. A double-blind crossover study comparing
sodium cromoglycate eye drops with placebo in the treatment of
chronic conjunctivitis. Acta Ophthalmol 1984; 62(3): 479-484.
James IG, Campbell LM, Harrison JM, Fell PJ, Ellers-Lenz B,
Petzold U. Comparison of the efficacy and tolerability of topically
administered azelastine, sodium cromoglycate and placebo in the
treatment of seasonal allergic conjunctivitis and rhino-
conjunctivitis. Curr Med Res Opin 2003; 19(4): 313-20.

Greiner JV, Michaelson C, McWhirter CL, Shams NB. Single dose
of ketotifen fumarate .025% vs 2 weeks of cromolyn sodium 4%
for allergic conjunctivitis. Adv Ther 2002; 19(4): 185-193.
Katelaris CH, Ciprandi G, Missotten L, Turner FD, Bertin D,
Berdeaux G. A comparison of the efficacy and tolerability of
olopatadine hydrochloride 0.1% ophthalmic solution and cromolyn
sodium 2% ophthalmic solution in seasonal allergic conjunctivitis.
Clin Ther 2002; 24(10): 1561-1575.

Fahy GT, Easty DL, Collum LM, Benedict-Smith A, Hillery M,
Parsons DG. Randomised double-masked trial of lodoxamide and
sodium cromoglycate in allergic eye disease. A multicentre study.
Eur J Ophthalmol 1992; 2(3): 144-149.

Abelson MB, Berdy GJ, Mundorf T, Amdahl LD, Graves AL.
Pemirolast potassium 0.1% ophthalmic solution is an effective
treatment for allergic conjunctivitis: A pooled analysis of two
prospective, randomized, double-masked, placebo-controlled,
phase III studies. J Ocul Pharmacol Ther 2002; 18(5): 475-488.
Miyake-Kashima M, Takano Y, et al. Comparison of 0.1%
bromfenac sodium and 0.1% pemirolast potassium for the
treatment of allergic conjunctivitis. Jpn J Ophthalmol 2004; 48(6):
587-590.

Shulman DG. Two mast cell stabilizers, pemirolast potassium 0.1%
and nedocromil sodium 2%, in the treatment of seasonal allergic
conjunctivitis: a comparative study. Adv Ther 2003; 20(1): 31-40.
Gous P, Ropo A. A comparative trial of the safety and efficacy of
0.1 percent pemirolast potassium ophthalmic solution dosed twice
or four times a day in patients with seasonal allergic conjunctivitis.
J Ocul Pharmacol Ther 2004; 20(2): 139-150.

Corin RE. Nedocromil sodium: A review of the evidence for a dual
mechanism of action. Clin Exp Allergy 2000; 30(4): 461-468.
Blumenthal M, Casale T, Dockhorn R, ef al. Efficacy and safety of
nedocromil sodium ophthalmic solution in the treatment of
seasonal allergic conjunctivitis. Am J Ophthalmol 1992; 113(1):
56-63.

Leino M, Carlson C, Jaanio E, ef al. Double-blind group
comparative study of 2% nedocromil sodium eye drops with
placebo eye drops in the treatment of seasonal allergic
conjunctivitis. Ann Allergy 1990; 64(4): 398-402.

Melamed J, Schwartz RH, Hirsch SR, Cohen SH. Evaluation of
nedocromil sodium 2% ophthalmic solution for the treatment of
seasonal allergic conjunctivitis. Ann Allergy 1994; 73(1): 57-66.
Moller C, Berg IM, Berg T, Kjellman M, Stromberg L. Nedocromil
sodium 2% eye drops for twice-daily treatment of seasonal allergic
conjunctivitis: a Swedish multicentre placebo-controlled study in
children allergic to birch pollen. Clin Exp Allergy 1994; 24(9):
884-887.

Stockwell A, Easty DL. Group comparative trial of 2% nedocromil
sodium with placebo in the treatment of seasonal allergic
conjunctivitis. Eur J Ophthalmol 1994;4(1):19-23.

Leino M, Ennevaara K, Latvala AL, et al. Double-blind group
comparative study of 2% nedocromil sodium eye drops with 2%
sodium cromoglycate and placebo eye drops in the treatment of
seasonal allergic conjunctivitis. Clin Exp Allergy 1992; 22(10):
929-932.



Allergic Conjunctivitis

(82]

(83]

[84]

(85]

(86]

(87]

(88]

(89]

[90]

[91]

[92]

[93]

[94]

[95]

[96]

[97]

(98]

[99]

[100]

Ohmori K, Hayashi K, Kaise T, ef al. Pharmacological, pharmaco-
kinetic and clinical properties of olopatadine hydrochloride, a new
antiallergic drug. Jpn J Pharmacol 2002; 88(4): 379-397.

McGill JI. A review of the use of olopatadine in allergic
conjunctivitis. Int Ophthalmol 2004; 25(3): 171-179.

Abelson MB. Evaluation of olopatadine, a new ophthalmic
antiallergic agent with dual activity, using the conjunctival allergen
challenge model. Ann Allergy Asthma Immunol 1998; 81(3): 211-
218.

Abelson MB, Spitalny L. Combined analysis of two studies using
the conjunctival allergen challenge model to evaluate olopatadine
hydrochloride, a new ophthalmic antiallergic agent with dual
activity. Am J Ophthalmol 1998; 125(6): 797-804.

Abelson MB, Turner D. A randomized, double-blind, parallel-
group comparison of olopatadine 0.1% ophthalmic solution versus
placebo for controlling the signs and symptoms of seasonal allergic
conjunctivitis and rhinoconjunctivitis. Clin Ther 2003; 25(3): 931-
947.

Butrus S, Greiner JV, Discepola M, Finegold 1. Comparison of the
clinical efficacy and comfort of olopatadine hydrochloride 0.1%
ophthalmic solution and nedocromil sodium 2% ophthalmic
solution in the human conjunctival allergen challenge model. Clin
Ther 2000; 22(12): 1462-1472.

Berdy GJ, Spangler DL, Bensch G, Berdy SS, Brusatti RC. A
comparison of the relative efficacy and clinical performance of
olopatadine hydrochloride 0.1% ophthalmic solution and ketotifen
fumarate 0.025% ophthalmic solution in the conjunctival antigen
challenge model. Clin Ther 2000; 22(7): 826-833.

Spangler DL, Bensch G, Berdy GJ. Evaluation of the efficacy of
olopatadine hydrochloride 0.1% ophthalmic solution and azelastine
hydrochloride 0.05% ophthalmic solution in the conjunctival
allergen challenge model. Clin Ther 2001; 23(8): 1272-1280.
Deschenes J, Discepola M, Abelson M. Comparative evaluation of
olopatadine ophthalmic solution (0.1%) versus ketorolac
ophthalmic solution (0.5%) using the provocative antigen challenge
model. Acta Ophthalmol Scand 1999; 228:47-52.

Alexander M, Allegro S, Hicks A. Efficacy and acceptability of
nedocromil sodium 2% and olopatadine hydrochloride 0.1% in
perennial allergic conjunctivitis. Adv Ther 2000; 17(3): 140-147.
Abelson MB, Gomes PJ. Olopatadine 0.2% ophthalmic solution:
The first ophthalmic antiallergy agent with once-daily dosing.
Expert Opin Drug Metab Toxicol 2008; 4(4): 453-461.

Mah FS, O'Brien T, Kim T, Torkildsen G. Evaluation of the effects
of olopatadine ophthalmic solution, 0.2% on the ocular surface of
patients with allergic conjunctivitis and dry eye. Curr Med Res
Opin 2008; 24(2): 441-447.

Abelson MB, Spangler DL, Epstein AB, Mah FS, Crampton HJ.
Efficacy of once-daily olopatadine 0.2% ophthalmic solution
compared to twice-daily olopatadine 0.1% ophthalmic solution for
the treatment of ocular itching induced by conjunctival allergen
challenge. Curr Eye Res 2007; 32(12): 1017-1022.

Abelson MB, Chapin MJ, Kapik BM, Shams NB. Efficacy of
ketotifen fumarate 0.025% ophthalmic solution compared with
placebo in the conjunctival allergen challenge model. Arch
Ophthalmol 2003; 121(5): 626-630.

Ganz M, Koll E, Gausche J, Detjen P, Orfan N. Ketotifen fumarate
and olopatadine hydrochloride in the treatment of allergic
conjunctivitis: a real-world comparison of efficacy and ocular
comfort. Adv Ther 2003; 20(2): 79-91.

Aguilar AJ. Comparative study of clinical efficacy and tolerance in
seasonal allergic conjunctivitis management with 0.1% olopatadine
hydrochloride versus 0.05% ketotifen fumarate. Acta Ophthalmol
Scand 2000; 230:52-55.

Avunduk AM, Tekelioglu Y, Turk A, Akyol N. Comparison of the
effects of ketotifen fumarate 0.025% and olopatadine HC1 0.1%
ophthalmic solutions in seasonal allergic conjunctivities: a 30-day,
randomized, double-masked, artificial tear substitute-controlled
trial. Clin Ther 2005; 27(9): 1392-1402.

Canonica GW, Ciprandi G, Petzold U, Kolb C, Ellers-Lenz B,
Hermann R. Topical azelastine in perennial allergic conjunctivitis.
Curr Med Res Opin 2003; 19(4): 321-329.

Nazarov O, Petzold U, Haase H, Nguyen DT, Ellers-Lenz B,
Hermann R. Azelastine eye drops in the treatment of perennial
allergic conjunctivitis. Arzneimittelforschung 2003; 53(3): 167-
173.

[101]

[102]

[103]

[104]

[105]

[106]

[107]

[108]

[109]

[110]

[111]

[112]

[113]

[114]

[115]

[116]

[117]

[118]

[119]

[120]

Recent Patents on Inflammation & Allergy Drug Discovery 2009, Vol. 3, No. 2 9

Giede-Tuch C, Westhoff M, Zarth A. Azelastine eye-drops in
seasonal allergic conjunctivitis or rhinoconjunctivitis. A double-
blind, randomized, placebo-controlled study. Allergy 1998; 53(9):
857-862.

Sabbah A, Marzetto M. Azelastine eye drops in the treatment of
seasonal allergic conjunctivitis or rhinoconjunctivitis in young
children. Curr Med Res Opin 1998; 14(3): 161-170.

Giede C, Metzenauer P, Petzold U, Ellers-Lenz B. Comparison of
azelastine eye drops with levocabastine eye drops in the treatment
of seasonal allergic conjunctivitis. Curr Med Res Opin 2000; 16(3):
153-163.

Friedlaender MH. Epinastine in the management of ocular allergic
disease. Int Ophthalmol Clin 2006; 46(4): 85-86.

Abelson MB, Gomes P, Crampton HJ, Schiffman RM, Bradford
RR, Whitcup SM. Efficacy and tolerability of ophthalmic
epinastine assessed using the conjunctival antigen challenge model
in patients with a history of allergic conjunctivitis. Clin Ther 2004;
26(1): 35-47.

Whitcup SM, Bradford R, Lue J, Schiffman RM, Abelson MB.
Efficacy and tolerability of ophthalmic epinastine: A randomized,
double-masked, parallel-group, active- and vehicle-controlled
environmental trial in patients with seasonal allergic conjunctivitis.
Clin Ther 2004; 26(1): 29-34.

Mah FS, Rosenwasser LJ, Townsend WD, Greiner JV, Bensch G.
Efficacy and comfort of olopatadine 0.2% versus epinastine 0.05%
ophthalmic solution for treating itching and redness induced by
conjunctival allergen challenge. Curr Med Res Opin 2007; 23(6):
1445-1452.

Lanier BQ, Finegold I, D'Arienzo P, Granet D, Epstein AB,
Ledgerwood GL. Clinical efficacy of olopatadine vs epinastine
ophthalmic solution in the conjunctival allergen challenge model.
Curr Med Res Opin 2004; 20(8): 1227-1233.

Ballas Z, Blumenthal M, Tinkelman DG, Kriz R, Rupp G. Clinical
evaluation of ketorolac tromethamine 0.5% ophthalmic solution for
the treatment of seasonal allergic conjunctivitis. Surv Ophthalmol
1993; 38 (Suppl): 141-148.

Leonardi A, Busato F, Fregona I, Plebani M, Secchi AG. Anti-
inflammatory and antiallergic effects of ketorolac tromethamine in
the conjunctival provocation model. Br J Ophthalmol 2000; 84(11):
1228-1232.

Tauber J, Raizman MB, Ostrov CS, et al. A multicenter
comparison of the ocular efficacy and safety of diclofenac 0.1%
solution with that of ketorolac 0.5% solution in patients with acute
seasonal allergic conjunctivitis. J Ocul Pharmacol Ther 1998;
14(2): 137-145.

Shulman DG, Lothringer LL, Rubin JM, et al. A randomized,
double-masked, placebo-controlled parallel study of loteprednol
etabonate 0.2% in patients with seasonal allergic conjunctivitis.
Ophthalmology 1999; 106(2): 362-369.

Dell SJ, Lowry GM, Northcutt JA, Howes J, Novack GD, Hart K.
A randomized, double-masked, placebo-controlled parallel study of
0.2% loteprednol etabonate in patients with seasonal allergic
conjunctivitis. J Allergy Clin Immunol 1998; 102(2): 251-255.
Novack GD, Howes J, Crockett RS, Sherwood MB. Change in
intraocular pressure during long-term use of loteprednol etabonate.
J Glaucoma 1998; 7(4): 266-269.

Ilyas H, Slonim CB, Braswell GR, Favetta JR, Schulman M. Long-
term safety of loteprednol etabonate 0.2% in the treatment of
seasonal and perennial allergic conjunctivitis. Eye Contact Lens
2004; 30(1): 10-13.

Bielory L, Mongia A. Current opinion of immunotherapy for ocular
allergy. Curr Opin Allergy Clin Immunol 2002; 2(5): 447-452.
Durham SR, Walker SM, Varga EM, et al. Long-term clinical
efficacy of grass-pollen immunotherapy. N Engl J Med 1999;
341(7): 468-475.

Walker SM, Pajno GB, Lima MT, Wilson DR, Durham SR. Grass
pollen immunotherapy for seasonal rhinitis and asthma: A
randomized, controlled trial. J Allergy Clin Immunol 2001; 107(1):
87-93.

Winther L, Malling HJ, Moseholm L, Mosbech H. Allergen-
specific immunotherapy in birch- and grass-pollen-allergic rhinitis.
I. Efficacy estimated by a model reducing the bias of annual
differences in pollen counts. Allergy 2000; 55(9): 818-826.

Moller C, Dreborg S, Ferdousi HA, et al. Pollen immunotherapy
reduces the development of asthma in children with seasonal



10 Recent Patents on Inflammation & Allergy Drug Discovery 2009, Vol. 3, No. 2

[121]

[122]

[123]

[124]

[125]

[126]

[127]

rhinoconjunctivitis (the PAT-study). J Allergy Clin Immunol 2002;
109(2): 251-256.

Roder E, Berger MY, de Groot H, van Wijk RG. Immunotherapy in
children and adolescents with allergic rhinoconjunctivitis: A
systematic review. Pediatr Allergy Immunol 2008; 19(3): 197-207.

Bielory L. Intranasal corticosteroids and the eye: from negative
ocular effects to clinical efficacy as a class effect. Ann Allergy
Asthma Immunol 2008; 100(5): 506-508.

Origlieri C, Bielory L. Intranasal corticosteroids and allergic
rhinoconjunctivitis. Curr Opin Allergy Clin Immunol 2008; 8(5):
450-456.

DeWester J, Philpot EE, Westlund RE, Cook CK, Rickard KA. The
efficacy of intranasal fluticasone propionate in the relief of ocular
symptoms associated with seasonal allergic rhinitis. Allergy
Asthma Proc 2003; 24(5): 331-337.

Kaiser HB, Naclerio RM, Given J, Toler TN, Ellsworth A, Philpot
EE. Fluticasone furoate nasal spray: A single treatment option for
the symptoms of seasonal allergic rhinitis. J Allergy Clin Immunol
2007; 119(6): 1430-1437.

Katelaris CH, Carrozzi FM, Burke TV, Byth K. Effects of intra-
nasal budesonide on symptoms, quality of life, and performance in
elite athletes with allergic rhinoconjunctivitis. Clin J Sport Med
2002; 12(5): 296-300.

Scadding GK, Keith PK. Fluticasone furoate nasal spray
consistently and significantly improves both the nasal and ocular
symptoms of seasonal allergic rhinitis: A review of the clinical
data. Expert Opin Pharmacother 2008; 9(15): 2707-2715.

[128]

[129]

[132]

[133]

[134]

[135]
[136]

[137]

Wong et al.

Yanez A, Rodrigo GJ. Intranasal corticosteroids versus topical H1
receptor antagonists for the treatment of allergic rhinitis: A
systematic review with meta-analysis. Ann Allergy Asthma
Immunol 2002; 89(5): 479-484.

Leung AK, Hon KL. Seasonal allergic rhinitis. Recent Pat Inflamm
Drug Discov 2008; 2(3):175-185.

Marx, D., Muller, H.: W02004019955 (2004).

Pauli G, Larsen TH, Rak S, et al. Efficacy of recombinant birch
pollen vaccine for the treatment of birch-allergic rhinoconjunc-
tivitis. J Allergy Clin Immunol 2008; 122(5): 951-960.

Attas-Fox L, Barkana Y, Iskhakov V, et al. Topical tacrolimus
0.03% ointment for intractable allergic conjunctivitis: An open-
label pilot study. Curr Eye Res 2008; 33(7): 545-549.

Kilic A, Gurler B. Topical 2% cyclosporine A in preservative-free
artificial tears for the treatment of vernal keratoconjunctivitis. Can
J Ophthalmol 2006; 41(6): 693-698.

Ozcan AA, Ersoz TR, Dulger E. Management of severe allergic
conjunctivitis with topical cyclosporin a 0.05% eyedrops. Cornea
2007;26(9): 1035-1038.
Yanni, J., Gamache, D.,
US20080254029 (2008).
Musumeci M, Bellin M, Maltese A, Aragona P, Bucolo C,
Musumeci S. Cornea 2008; 27(2): 168-173.

Bucolo C, Musumeci M, Maltese A, Drago F, Musumeci S.
Pharmacol Res 2008; 57: 247-252.

Miller, S., Beauregard, C.:



