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Introduction: Allergy is the fifth leading group of chronic diseases, affecting

as much as 40% of the first-world population. Its pathophysiology has a

genetic component, and is driven by the immune system’s sensitized response

to antigens and environmental factors. As research continues to uncover the

mediators responsible for ocular allergy, the development of novel drugs

should progress.

Areas covered: A literature review of allergic conjunctivitis, ocular allergy and

their treatment was performed using PubMed and Medline. Additional

information is also included from clinicaltrials.gov and associated web sites

for drugs currently in clinical trials.

Expert opinion: The initial step of therapy remains identification and avoid-

ance of allergic triggers. The mainstay of treatment is the new generation

of dual-acting antihistamines. Drugs that improve the magnitude and

duration of relief, with greater subject responder rates, are gradually making

their way into the clinic. Allergic conjunctivitis is a relatively easy disease to

study because of the availability of models such as the conjunctival allergen

challenge. New classes of drugs that target inflammatory pathways or

mediators involved in the early and late-phase allergic response are being

screened in these models and we are making progress in identifying the

next generation of anti-allergic therapy.
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1. Introduction

Allergic conjunctivitis is a common and potentially debilitating condition affecting
the conjunctiva, eyelids and cornea, and it is often associated with nonocular symp-
toms and signs of rhinitis or sinusitis. Allergy is described as the fifth leading group
of chronic diseases, affecting 50 million Americans. The Third National Health and
Nutrition Examination Survey recently revealed that 40% of this American test
population reported having episodes of ocular allergy [1]. The great majority of ocu-
lar allergic disease is seasonal allergic conjunctivitis (SAC), followed by perennial
allergic conjunctivitis (PAC), with a very small segment of the population affected
by vernal keratoconjunctivitis (VKC) and atopic keratoconjunctivitis (AKC) [2].
The symptoms and signs of ocular allergy are the end result of many factors, includ-
ing genetics, environmental factors, ocular microbial flora and immune regula-
tion [3]. Goals of treatment include reduction of signs, symptoms and sequelae,
including redness, itching, tearing, blurry vision, conjunctival edema or chemosis,
and eyelid edema.

The eyebrows, eyelids and eyelashes serve as obstacles to allergens, and a healthy
tear film also helps to remove allergens from the ocular surface. Problems with any
of these natural barriers may exacerbate allergic conjunctivitis. Nonpharmacologic
therapy involves facilitating this barrier function, as well as avoiding antigen
exposure -- a difficult task when panseasonal, nearly ubiquitous allergens are the
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cause of the allergy. Artificial tears, lubricant eye drops and
eyewash are thus an important conservative treatment modal-
ity. Their use results in dilution of the antigen burden and
soothing of the ocular surface. This may be an adequate non-
pharmacological option in mild ocular allergy. However, con-
servative therapy is often not sufficient for symptomatic relief.
Several classes of pharmacologic compounds have been evalu-
ated for the treatment of ocular allergy with varying success:
topical ocular decongestants, antihistamines, mast cell stabil-
izers, NSAIDs, dual-acting agents, conventional and last-
generation corticosteroids, systemic antihistamines, and
immunomodulatory therapy (Table 1) [2-5]. Several other types
of molecules are under development, and target various
immunological and inflammatory pathways.

2. Immune response

Once sensitization to an antigen has occurred, antigen expo-
sure results in an early and late-phase immune response.

The early-phase reaction involves mast cell degranulation
and release of histamine, prostaglandins, tryptases and leuko-
trienes after IgE bound to the mast cell surface is exposed to
the sensitized antigen [2-4]. This process occurs within seconds
to minutes (Figure 1). The late-phase reaction involves eosino-
phils, basophils, T cells, macrophages and neutrophils
infiltrating into the conjunctiva 6 -- 72 h after exposure to
the allergen (Figure 2). SAC and PAC result when mast
cell-bound IgE is exposed to sensitized allergens, triggering a
type I hypersensitivity response. VKC and AKC result from
a combination of a Type I hypersensitivity response and a
Type IV hypersensitivity response, which is T-cell mediated
[2-4].

Mast cells, conjunctival and corneal epithelial cells, and
fibroblasts have also been shown to be involved in the
late-phase response and probably contribute to recruitment
of other leukocytes [3-5]. Conjunctival epithelial cells have
been shown to play a key role in multiple ways. They both
produce and have receptors for inflammatory cytokines and
may help regulate inflammation at the ocular surface [3-5].
A recent study has also shown that conjunctival goblet cells
have receptors for some of these mediators and increase mucin
production during the allergic response [3-5]. Fibroblasts may
be induced to produce pro-inflammatory chemokines and
adhesion molecules that can contribute to the development
of corneal lesions in chronic ocular allergy [4]. MMPs and
tissue inhibitors of MMP have been shown to be altered in
VKC, leading to excessive extracellular matrix deposition
and the development of giant papillae [4]. The receptors and
producers of inflammatory mediators, including histamine,
cytokines, leukotrienes and prostaglandins are all potential
targets for drug therapy.

3. Pharmacologic therapy (Table 1)

3.1 Ocular decongestants
In 1971, the first topical medication approved for the
treatment of ocular allergy by the United States FDA
was, surprisingly, the vasoconstrictor naphazoline. While
a-adrenergic agonists continue to be available today in sin-
gle-active, over-the-counter (OTC) products for relief of
hyperemia, only in conjunction with topical antihistamines
has their efficacy been established for ocular allergy [2,6].
a-Adrenergic agonists mainly target a-1 receptors for
immediate-onset vasoconstriction of the conjunctival vessels,
resulting in whitening and decongestion of the eye. Studies
have shown that chronic use of topical a-1 adrenergic agonists
can result in downregulation of a-1 adrenergic receptors caus-
ing tachyphylaxis and rebound hyperemia after they are dis-
continued [7]. The use of these agents should also be limited
in patients with narrow angle glaucoma and angle closure
glaucoma [2,8].

Low-dose brimonidine is a longer-acting a-2 agonist for-
mulated in a much lower concentration than that approved
for the treatment of glaucoma, and it is in its final stages of

Article highlights.

. Allergy affects as much as 40% of the first-world
population, and is described as the fifth leading group
of chronic diseases.

. Its pathophysiology involves at its inception the initial
sensitization to antigen, followed by early-phase
activation of mast cells, with release of histamine,
tryptase and activation of the arachidonic acid-cascade
of prostaglandin and leukotriene synthesis.
Subsequently, late-phase activation of eosinophils,
basophils, T cells, macrophages and neutrophils
contributes to a global chronic inflammatory state.

. Historically, treatment of ocular allergy was limited to
ocular decongestants and ocular
antihistamine--decongestant combinations that were of
limited duration of action.

. Mast cell stabilizers have undergone continuing
evolution, from cromolyn sodium to lodoxamide,
nedocromil, to newer molecules such as pemirolast.

. Corticosteroids and immunomodulating agents such as
cyclosporine are used for the more serious and
proliferative forms of ocular allergy such as vernal and
atopic keratoconjunctivitis; however, refractive seasonal
allergic conjunctivitis can be treated with short-term
cycles of corticosteroid therapy with careful monitoring.

. Some classes, such as non-steroidal anti-inflammatory
agents and systemic antihistamines, are largely
ineffective for ocular allergy.

. The dual-acting agents designed to inhibit the histamine
receptor as well as stabilize the mast cell are the latest
generation of ocular anti-allergic therapy. These
continue to evolve in terms of duration and efficacy
against itching, the primary symptom.

. Future therapies that are being evaluated with varying
success include allergen desensitization immunotherapy,
selective glucocorticoid receptor agonists, Toll-like
receptor modulators, and Syk and JAK kinase inhibitors.

This box summarizes key points contained in the article.
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development for the treatment of ocular redness (https://clin-

icaltrials.gov/ct2/show/NCT01959230?term=brimonidine

+ocular+redness&rank=1). a-2 agonists such as brimonidine

have the advantage over a-1 agonists of minimum tachyphy-

laxis and rebound redness [9].

3.2 Antihistamines and combination

antihistamine--decongestants
Systemic antihistamines have been found to be of limited

efficacy in allergic conjunctivitis and may cause drying of the

ocular surface, so their use should be avoided in patients

Table 1. Topical anti-inflammatory or anti-allergic agents approved for ophthalmic use and evaluated for efficacy

in treatment of ocular allergy.

Drug class Agents Mechanism of

action

Common or significant

side effects

Comment

Topical ocular
decongestants

Naphazoline
Tetrahydrozoline
Phenylephrine
Ephedrine
Brimonidine

a-adrenergic agonists
(mainly a-1 receptors)

Rebound hyperemia,
conjunctivitis medicamen-
tosa, follicular reaction,
contraindicated in narrow
angle glaucoma

Available alone for ocular
redness or in conjunction with
first generation antihistamine in
over-the-counter preparations;
only last 2 -- 4 h; brimonidine is
only a-2 agonist soon to be
filed with FDA for redness
approval only

Topical non-steroidal
anti-inflammatory
agents

Ketorolac
Flurbiprofen
Indomethacin
Diclofenac
Nevanac

Inhibition of
COX-1 and
COX-2 resulting in
inhibition of
prostaglandins

Burning sensation,
itching, corneal melt

Approved only for post-
operative inflammation; not
shown to be effective in many
failed clinical trials in PAC and
SAC

Topical antihistamines Antazoline
Pheniramine,
Levocabastine
Emedastine

Competitive blockage
of histamine receptors
(all block H1, and
some block H2, H3,
and/or H4)

Sedation, irritation, dry
eye

The first two are in over-the-
counter preparations with
vasoconstrictors; levocabastine
only available in Europe;
emedastine not promoted in US
This class taken over by dual-
acting drugs

Topical mast cell
stabilizers

Cromolyn
Nedocromil sodium
Pemirolast
Lodoxamide

Inhibition of mast cell
degranulation and
release of histamine

Headache, burning
sensation

Discovery of mast cell
heterogeneity abdicated
relevance of most of these in
the eye; Cromolyn proven not
active in human conjunctival
mast cells; very weak activity;
lodoxamide perhaps most
effective in VKC

Topical dual-acting
agents

Ketotifen
Azelastine
Epinastine
Bepostatine
Olopatadine
Alcaftadine

Blockage of
H1 receptors and
inhibits mast cell
degranulation and
histamine release

Headache, hyperemia,
burning sensation, bitter
taste, dry eye

Most are approved for twice-
daily dosing;
CAC trials are gold standard for
their approval and comparative
testing;
Olopatadine and alcaftadine
approved for once-daily dosing
Alcaftadine shown to be
superior for ocular itching by
numerous parameters

Topical corticosteroids Clobeta-sonebutyrate
Dexamethasone,
Fluoromethalone,
Hydrocortisone,
Prednisolone,
Rimexalone,
Triamcinolone,
Lotoprednol

Inhibition of
phospholipase A
resulting in inhibition
of prostaglandins and
leukotriene synthesis

Increased intraocular
pressure, cataract
formation, delayed
wound healing,
headache, pharyngitis,
rhinitis

Must be used with extreme
caution; only for pulse therapy
in chronic forms of allergy (VKC,
AKC, etc.)

Topical immunomodu-
latory therapy

Cyclosporine A Inhibition of T-cell
activation

Irritation, burning
sensation

Only approved for use in dry
eye; off-label testing for chronic
forms of allergy like VKC

AKC: Atopic keratoconjunctivitis; CAC: Conjunctival allergen challenge; PAC: Perennial allergic conjunctivitis; SAC: Seasonal allergic conjunctivitis; VKC: Vernal

keratoconjunctivitis.
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without concurrent rhinitis or sinusitis [10]. However, hista-

mine receptors are primary topical drug targets in ocular

allergy as histamine signaling is largely responsible for signs

and symptoms [11]. Four histamine receptors have been

discovered, with the H1 [12], H2 [13] and H4 [14] receptors

found to be involved in ocular allergy. H1 and H2 receptor

signaling results in pruritus, conjunctival hyperemia, cytokine

secretion, fibroblast proliferation, adhesion molecule

Antigen

Nerves

Vasodilation = REDNESS
5.10 min

Chronic allergy =

Nerve stimulation =
ITCHING
3.5 min

IgE

Effects of acute allergy are due to
the action of HISTAMINE

Primary therapy for acute allergy
are ANTI-HISTAMINES

RECRUITMENT OF
INFLAMMATORY CELLS

Figure 1. Treating allergy in the eye.

H1 antihistamines relieve itch

Competitively and reversibly block
histamine receptors

Dual-acting antihistamines

Histamine

Eosinophil
Blood vessel

Nerve

H1 H1

H2 H1

H4

Examples: olopatanol, bepotastine, ketotifen, alcaftadine

H2, H4 blockade can relieve other symptoms

Leave other pro-inflammatory mediators,
such as prostaglandins and leukotrienes, uninhibited

Figure 2. Dual-acting antihistamines are the latest generation of ocular anti-allergic agents.
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expression, microvascular permeability and production of
procollagens [4,14-19]. H4 receptor signaling has been shown
to affect cytokine and chemokine release, chemotaxis, and
adhesion molecule expression [14-18]. While most of the drugs
in this class target the H1 receptor, some of the agents also
target the H2 and H4 receptors. Topical antihistamines
competitively and reversibly block histamine receptors in the
conjunctiva [11,19]. The symptomatic relief of antazoline and
pheniramine, the first antihistamines to be formulated
ophthalmically, tends to be immediate but temporary, and
therefore, these agents may require frequent dosing through-
out the day. Because first-generation antihistamines are for
the most part ineffective against redness, they are not used in
isolation but are combined with vasoconstrictors such as naph-
azoline. The first of these combinations, Vasocon-A, was
approved post-marketing by the FDA in 1990 for the treat-
ment of allergic conjunctivitis [20]. First-generation topical
antihistamines are lipophilic and could cross the blood--brain
barrier, causing central side effects such as sedation [21].

The extensive patient experience with topical combination
antihistamine--decongestant products has amply demonstrated
their safety and led to their becoming available OTC. These
products remain the drugs of choice for self-prescription, and
examples are Vasocon-A, Naphcon-A, Visine-A, Opcon-A
and Eye Allergy Relief. Although there is a mismatch between
the duration of the decongestant and the antihistamine in
these formulations, with the former lasting only 1 -- 2 h, and
the latter, 3 -- 4 h [19,20], the immediate relief that patients
perceive when using these products has added greatly to their
acceptance. It is possible that the drops are taken in periods
of acute allergic distress, after which the redness never returns
to pre-dose levels, also possibly due to a modest effect of the
antihistamine on redness.

Newer-generation topical antihistamines are more potent
inhibitors of histamine-stimulated cytokine synthesis in intact
conjunctival epithelial cells [19]. The second-generation anti-
histamine levocabastine was the first to be used in isolation
and had a longer duration of action than the first-generation
agents, but it has been discontinued in the United States.
Levocabastine was also the first antihistamine shown to have
multiple mechanisms of action to help reduce the early phase
immune response and the late-phase response by reducing
eosinophil activation and infiltration [19,22]. Emedastine is
another second-generation antihistamine that has a similar
duration of action to levocabastine, but it has been shown to
be superior for prevention and treatment of allergic conjunc-
tivitis in one prospective clinical trial [23]. The second-
generation topical antihistamines have a duration of action
up to 4 h and are indicated for four times daily dosing. Eme-
dastine is approved for use in patients 3 years of age or older,
and a study also showed emedastine inhibited histamine-
evoked increased vascular permeability [19]. While these
multi-mechanism, newer-generation antihistamines are no
longer available in the US, they started the evolution of the
dual-acting agents.

A topical formulation of the second-generation antihista-
mine, cetirizine, marketed orally as Zyrtec, is being developed
for twice-daily use in the prevention of ocular allergic itching
and this drug is in its latest stages of preparation for an FDA fil-
ing (http://www.nicox.com/rd/ophthalmic-pipeline/ac-170/).

3.3 Mast cell stabilizers
While the first-generation antihistamines provided short-term
relief of symptoms by blocking the activity of mast
cell-released histamine on histamine receptors, first-generation
mast cell stabilizers prevent mast cells from degranulating, and
thus release of histamine and other mediators is pre-empted.
In addition to reducing the direct effects of histamine, mast
cell stabilizers have been shown to reduce the influx of mono-
cytes, eosinophils and neutrophils. However, these anti-
allergic effects have been difficult to demonstrate in the eye
clinically. The main problem with first-generation mast cell
stabilizers is that they were developed for ophthalmic use
before the concept of mast cell heterogeneity was firmly estab-
lished. The widely studied effects of these compounds on mast
cells were tested preclinically using other species and tissues,
and their anti-allergic activity was later found not to be signif-
icantly present in human conjunctival mast cells. This lack of
efficacy was initially attributed to the necessity of a pre-season
loading period [24,25], but the continued use of mast cell stabil-
izers in the 1980s and 1990s was more a function of a lack of
an alternative efficacious therapy than any real benefit.

Several membrane stabilizer drugs exist, such as cromolyn
(sodium cromoglycate), nedocromil sodium, pemirolast and
lodoxamide, all of which have relatively few local or systemic
side effects [24,25]. Cromolyn is the oldest agent in this class,
yet its mechanism of action is still unclear. Nedocromil
sodium inhibits chloride ion influx in mast cells, epithelial
cells and neurons. Pemirolast has been shown to inhibit eosin-
ophil chemotaxis in addition to mast cell degranulation [25,26].
Nevertheless, in human conjunctival mast cells, cromolyn
sodium failed to inhibit histamine release and nedocromil
was only marginally effective at very high concentrations [26].
While preclinically, lodoxamide was much more potent than
cromolyn and also blocked eosinophil chemotaxis [26], this
mast cell stabilizer appears to be most efficacious for the
epitheliopathy and shield ulcers associated with VKC [27].
The only agent in this class that has shown considerable
clinical efficacy in SAC was pemirolast [28].

3.4 Corticosteroids
Glucocorticoids are an effective therapy for various forms of
allergic disease, ranging from allergic rhinitis to asthma, and
including ocular allergy. Specifically, topical corticosteroids
have been reported to be highly effective at treating severe
or chronic ocular allergy [29,30]. This efficacy is the result of
a variety of effects on the allergic cascade, working on both
molecular and cellular targets. The main mechanism of action
is inhibition of prostaglandin and leukotriene synthesis by
arachidonic acid through blockage of phospholipase A [11].

Advances in pharmacotherapy for allergic conjunctivitis
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Corticosteroids have been shown to affect mast cells by inhib-
iting their proliferation and recruitment [11,31-33]. Steroids also
decrease the production of eosinophils, while also inducing
their apoptosis and phagocytic destruction [11,31-33]. Numer-
ous other effects include reducing the availability of hista-
mine, both by increasing cellular stores and decreasing the
expression of histamine receptors [33]. These robust anti-
inflammatory effects come at a cost as ocular side effects can
occur with their use. Possible immunosuppression, superin-
fection, cataract formation, corneal hazing, delayed wound
healing, ptosis (steroid myopathy) and increased intraocular
pressure (IOP) are some of the adverse effects that need to
be considered when administering these medications [34].
There was also a recent publication in a series of children
treated with topical fluorometholone in which temporary
growth suppression was observed [35].
When SAC is refractive to other treatment options, topical

corticosteroids can be recommended for short-term treatment
with careful monitoring [11,29]. Medications such as clobeta-
sonebutyrate, dexamethasone, fluorometholone, hydrocorti-
sone, prednisolone, rimexolone and triamcinolone have been
used, but concerns regarding increased IOP and cataract
formation limit their use [11,30]. Loteprednol etabonate 0.2%
(LE), a ‘soft steroid,’ was developed to limit risks associated
with increased IOP and cataract formation [30]. LE is an ester
corticosteroid with a 17 b-chloromethyl ester at the carbon-
20 position instead of a ketone, a substitution that allows
the drug to undergo predictable hydrolysis [36,37]. Two ran-
domized, double-masked placebo-controlled studies found
similar safety profiles between LE and placebo [36,37]. Addi-
tionally, a retrospective review of 159 patients examined safety
in patients using LE daily for > 12 months and found no
long-term use associated adverse effects [38].
Ocular Therapeutix has developed technology for encapsu-

lating ophthalmic pharmaceuticals within a hydrogel to deliver
sustained therapeutic levels of various drugs via punctal
plugs [39]. One of these, OTX-DP, is a dexamethasone depo
that has been tested and shows promise for treatment of
chronic allergic conjunctivitis modeled by multiple conjuncti-
val allergen challenges (CACs; https://clinicaltrials.gov/ct2/
show/NCT02062905?term=ocular+therapeutix&rank=8).
Though topical corticosteroids are the most frequently used

route for severe ocular allergy, other routes of administration
have been explored. Several case reports have indicated
improvement with the use of supratarsal injection of corticoste-
roids in severe VKC [40-42]. A recent retrospective, noncompar-
ative study of childhood refractory allergic keratoconjunctivitis
with 35 patients suggested that supratarsal injection of triam-
cinolone acetonide was effective and safe, with only one patient
experiencing elevated IOP [43]. Prospective studies are still
needed.
Intranasal corticosteroids (INSs), widely used in the treat-

ment of allergic rhinitis, have also been examined with respect
to treating ocular symptoms [44]. The exact mechanism of
reducing ocular symptoms is unknown. Three possible

mechanisms have been proposed: the INSs directly enter the
eye via the nasolacrimal duct, decreased inflammation of the
nasolacrimal duct allows for improved drainage of allergens,
or decreased nasal inflammation normalizes the excess reflex
neural activity that occurs during allergic reactions [45]. Stud-
ies have found lower levels of substance P in tear fluid after
use of INSs, suggesting that substance P may have a signifi-
cant role in naso-ocular interactions in allergic rhinoconjunc-
tivitis [46]. Favorable effects on ocular symptoms were
demonstrated in studies of different treatment agents, includ-
ing mometasone furoate, fluticasone furoate, fluticasone pro-
pionate and budesonide [47-51]. This includes a meta-analysis
of 10 randomized, placebo-controlled trials showing that
mometasone furoate nasal spray was effective at relieving
ocular allergy symptoms in patients with allergic rhinitis [51].
Concerns for ocular side effects of INSs are likely due to the
safety profile of oral and inhaled corticosteroids, but
published data for INSs in patients with rhinitis do not
demonstrate an increased incidence of ocular hypertension,
glaucoma or cataracts [50].

One study assessed the effects of topical olopatadine and
mometasone nasal spray in allergic subjects using the CAC
and nasal allergen challenge (NAC) models of allergy. In con-
trast to the findings described above, CAC was shown to cause
clinically significant ocular and nasal signs and symptoms;
however, the NAC resulted only in nasal signs and symptoms.
With regard to treatment, not surprisingly, ocular olopatadine
provided the most effective management of ocular allergy and
the nasal spray the most effective management of nasal allergy.
In subjects with both nasal and ocular allergy, the combined
treatment was the most effective [52].

3.5 Topical NSAIDs
Topical NSAIDs inhibit cyclooxygenase enzymes (COX-1
and COX-2) resulting in inhibition of inflammatory media-
tors such as prostaglandins and leukotrienes [53]. They allevi-
ate pain, irritation and hyperemia, and are approved for the
most part for post-operative inflammation. Several agents
have been tested for treatment of ocular allergy, including
ketorolac, flurbiprofen, indomethacin and diclofenac; how-
ever, they were generally either ineffective or at best inferior
to topical antihistamine therapy [2-5,54,55]. Topical NSAIDs
are also associated with burning and stinging, so patient com-
pliance can be an issue. Although for inflammation they are to
be preferred when possible over corticosteroids, topical
NSAIDs are associated with the potentially devastating
adverse effect of corneal melting, usually in the context of
prior ocular surface disease [56-58].

3.6 Systemic antihistamines
Systemic antihistamine medications have limited applications
for ocular allergy. Randomized trials have demonstrated that
ocular symptoms are alleviated with greater speed and efficacy
by topical antihistamines [52,59,60]. Systemic antihistamines
can cause further discomfort by exacerbating ocular dryness
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by decreasing tear production and drying mucosal mem-
branes [61]. Though less common with newer generations,
there remains the risk of systemic side effects such as sedation
and cardiotoxicity [11]. When there are associated nonocular
allergy symptoms, such as rhinitis or generalized pruritus,
systemic antihistamines can be utilized as an adjunct ther-
apy [11]. There are newer antihistamines such as bilastine
that have been shown to have no sedating effects and have
been studied in the context of allergic rhinoconjunctivitis
with some success [62].

3.7 Immunomodulatory therapy
Immunomodulatory agents alter normal immune pathways
and offer a steroid-sparing alternative for allergic conjunctivi-
tis. Several agents have also shown efficacy in various ocular
diseases, including cyclosporine A, tacrolimus, mycopheno-
late mofetil, leflunomide, rapamycin (sirolimus), copaxone,
laquinimod and infliximab [63]. Many of these immunomod-
ulatory drugs have shown limited success due to their low
water solubility and lipophilic nature resulting in poor corneal
penetration [21]. Both cyclosporine and tacrolimus have shown
promise in treating severe more chronically inflammatory
forms of ocular allergy.

Cyclosporine A inhibits T-cell activation as well as eosino-
philic infiltration into the conjunctiva and interferes with
both late-phase and delayed-type allergic reactions [64,65].
A small prospective double-masked randomized comparative
trial between cyclosporine 2% eye drops and tacrolimus
0.1% ointment found that both were effective in treating
VKC [66]. A large prospective, observational study of patients
with severe VKC and AKC found that cyclosporine 0.1% was
safe and effective [67]. A small randomized, placebo-controlled
trial showed that topical cyclosporine 2% was an effective
steroid-sparing agent, but intense stinging associated with
drop instillation limited patient tolerance [68].

Tacrolimus inhibits T-cell activation with a potent immu-
nosuppressive effect, which has been shown to be up to
100 times stronger than that of cyclosporine in vitro [69].
A randomized, placebo-controlled clinical trial with tacroli-
mus 0.1% suspension in 56 patients with VKC/AKC refrac-
tory to conventional treatment showed that tacrolimus
caused marked improvement in objective signs and was well
tolerated by patients [70]. The most frequent treatment-
associated adverse effect was mild ocular irritation, noted in
42.9% of patients in the treatment group [70]. Ointment
formulations of tacrolimus have also been shown to be effica-
cious as a steroid-sparing agent in both 0.1 and 0.03%
concentrations [65,71].

3.8 Dual acting agents
Dual-acting H1 receptor antagonist and mast cell stabilizer
agents include olopatadine, ketotifen, azelastine, epinastine,
bepotastine and alcaftadine. These agents also help prevent
eosinophil infiltration. Olopatadine and ketotifen are com-
monly used for multiple types of ocular allergy. Olopatadine

0.1% (Patanol�) was the first topical anti-allergic medication,
which was approved by the FDA for twice-daily dosing [21].
Ketotifen is used in several OTC anti-allergy drops. Azelastine
has an additional mechanism of action involving inhibition of
platelet-activating factor and expression of intercellular adhe-
sion molecule 1, both of which contribute to its efficacy in
PAC [72]. Epinastine competitively blocks both H1 and
H2 receptors, activity which may help reduce eyelid
edema [73]. Epinastine also does not cross the blood--brain bar-
rier, should not cause any CNS side effects, and, as opposed to
ketotifen, has been shown to cause no effect on working
memory in children [74]. Another distinction between topical
antihistamines is drop comfort: for example, patients report
olopatadine and epinastine are more comfortable than azelas-
tine, and epinastine is more comfortable than ketotifen [19].
Another study of 66 patients treated with bepotastine versus
placebo illustrated a statistically significant decrease in
nonocular-associated symptoms, including nasal congestion,
rhinorrhea, ear/palate pruritus and nasal pruritus [75]. All
drugs in this class reduce ocular pruritus for up to 8 h, allow-
ing twice-daily dosing, and olopatadine 0.2% is approved for
once-daily dosing.

Alcaftadine has a unique pharmacological profile with
activity against H1, H2 and H4 receptors [76], as well as reduc-
ing conjunctival eosinophil infiltration and the late-phase
immune response [77]. Olopatadine 0.2% and alcaftadine are
the only anti-allergic agents available for once-daily dosing.
Very recently (February 2015), the FDA approved a higher
dose of olopatadine (0.77%, PazeoTM) developed by Alcon
in conjunction with Torkildsen and Ora, also for once-daily
dosing.

Two papers have been published recently investigating the
efficacy of alcaftadine 0.25% compared with 0.2% olopata-
dine (Pataday�) [78,79]. The earlier paper presented the results
of one multicenter, double-masked, active- and placebo-
controlled CAC trial in 127 subjects. Onset and duration of
action at 16 and 24 h after dosing were established. For the
primary measure of ocular itching, both actives were statisti-
cally significantly superior to placebo at all time points post-
CAC for both the 16- and 24- h duration assessments
(p < 0.0001). This confirms that both olopatadine 0.2%
and alcaftadine 0.25% are effective for symptomatic preven-
tion of itching, all day, for up to 24 h. However, at the
peak time post-CAC for itching, 3 min after challenge, alcaf-
tadine treatment resulted in significantly lower mean itching
scores at the 16-h duration assessment (p = 0.026). Further-
more, only alcaftadine provided significant relief of chemosis
at every time point 24 h after dosing [78].

The second alcaftadine versus olopatadine paper published
in 2014 was on a pooled analysis of two CAC studies
performed in 284 subjects. Again, at 16 h after instillation,
alcaftadine was superior to olopatadine 0.2% for the first
explosive itching that occurs at 3-min after allergen challenge
(0.50 vs 0.87, respectively, p = 0.0006). Alcaftadine also
demonstrated lower mean itching scores over all time points
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(0.68 vs 0.92 respectively, p = 0.0390) compared with Pata-
day. Finally, minimal itching (a score < 1) was reported in
76.1% of alcaftadine-treated subjects versus 58.1% of
olopatadine-treated subjects (p = 0.0121) [79].

4. Current research for future therapy

4.1 Allergen desensitization
Subcutaneous allergen desensitization is currently used for the
treatment of allergic rhinitis and asthma. It has been shown to
improve conjunctivitis symptoms in rhinoconjunctivitis [80].
Sublingual immunotherapy (SLIT), an off-label form of aller-
gen desensitization using grass allergen tablets, has been
widely studied for allergic rhinitis and has also been shown
to be safe and effective [81,82]. A recent Cochrane review
focused on allergic conjunctivitis and on ocular symptoms
in allergic rhinoconjunctivitis in randomized trials involving
SLIT [82]. It concluded that SLIT was effective in reducing
ocular symptoms, although it did not show a reduction in
the use of topical ophthalmic medications [83]. A Phase III
study involving an experimental SLIT, MK-8237 from
Merck, is currently underway with a focus on allergic rhinitis
with or without allergic conjunctivitis [84]. Further research is
needed to determine optimum dosing and elucidate SLIT’s
role in the treatment of allergic conjunctivitis.

4.2 Selective glucocorticoid receptor agonists
Selective glucocorticoid receptor agonists (SEGRAs) are a
relatively recent therapeutic option in development [85-90].
As previously mentioned, prolonged use of topical corticoste-
roids can be associated with severe side effects, the existence of
which prompted investigation of alternative agents that selec-
tively target glucocorticoid receptors (GRs). Corticosteroids
bind to the GR and appear to regulate gene expression
through at least two intracellular mechanisms, transrepression
and transactivation [86,87]. Additional research is needed to
further elucidate the relevance of these mechanisms, as both
appear to participate in the anti-inflammatory effect of corti-
costeroids [88], and transactivation has been associated more
with adverse effects [90]. This mechanism appears to initiate
an accumulation of extracellular material in outflow channels
of the trabecular meshwork, which could be responsible for
corticosteroid-induced IOP elevation [91,92]. SEGRAs have
been designed to target these mechanisms and potentially
reduce harmful side effects. In vitro and animal studies involv-
ing SEGRAs, such as mapracorat and ZK209614, have the
potential to be used for the treatment of ocular allergy [32,93].

4.3 Toll-like receptors
Toll-like receptors (TLRs) have been shown to be present in
cells of the cornea and conjunctiva and are being investigated
as a target for new medications [94,95]. Many immune system
cells express TLR, including mast cells and eosinophils, and
it is theorized they cause the release of mediators that interact
with lymphocyte equilibrium leading to allergic disease states.

Compounds that downregulate the TLR signaling pathway,
such as TLR antagonists or TLR-co-receptor antagonists, are
being studied for their anti-allergic activity. These compounds
include pyrimidine derivatives, oligodeoxynucleosides, anti-
histamines, leukotriene antagonists, mast cell stabilizers,
anti-IgE agents, a vitamin D receptor ligand, a quinazoline
derivative and a TLR antibody [21,94,95]. TLR3 on ocular sur-
face epithelial cells in particular, appears to be critical to the
development of an eosinophil-driven last-phase reaction [95].

4.4 Other potential targets
There are numerous other anti-inflammatory targets being
evaluated for ophthalmic diseases. Spleen tyrosine kinase or
Syk, has been shown to have a role in mast cell degranulation,
eosinophil recruitment and cytokine production with implica-
tions that it has a role in allergy [96]. Similarly, JAK has been
evaluated for its role in allergic reactions [97]. Aciex Therapeu-
tics and Portola Pharmaceuticals are developing three kinase
inhibitors for allergic conjunctivitis, which have had success
in preclinical models: PRT02070, a combination JAK/Syk
inhibitor, and PRT02761 and PRT02607-two Syk-specific
inhibitors [98]. The cytokine IL-1 plays a central role in the ini-
tiation of the immune system and its blockade could represent
another target in treatment of allergic conjunctivitis [98-100].
IL-1 signaling inhibitors, such as topical anakinra and
EBI-005, are currently being developed for the treatment of
dry eye disease [99]. An animal study implicated that
IL-1 receptor antagonists suppress allergic eye disease by down-
regulating the recruitment of eosinophils and other inflamma-
tory cells [100]. Eleven Biotherapeutics has completed a clinical
study on an IL-1 receptor antagonist in a model of moderate-
to-severe allergic conjunctivitis using both an environmental
exposure chamber andmodified conjunctival allergen provoca-
tion test (CAPT) (clinicaltrials.gov: NCT02082899). A recent
press release (http://ir.elevenbio.com/releasedetail.cfm?relea-
seid=874221) reported that the primary end point of ocular
itching was not demonstrated in the CAPT model, so it
remains to be seen what the clinical relevance of these
IL-1 antagonists will be for the treatment of chronic allergy
or PAC.

5. Conclusion

Allergic conjunctivitis is a common disease with numerous
factors affecting its symptomatology. Our understanding of
the complex immune system response to allergens dictates
the development of medications for the disease. Several classes
of drugs are currently available which target different immune
mediators and receptors to alleviate the burden of the disease.
Topical, systemic and other nonocular treatments have been
developed and are often used in combination to help control
the disease process. Topical antihistamines and dual-acting
agents are among the most common drugs used for ocular
allergy. For more severe disease, corticosteroids and immuno-
modulatory molecules may be necessary to alleviate signs and
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symptoms and prevent further sequelae. Allergen desensitiza-
tion may also play a role in ocular allergy as it does in other
types of allergy such as allergic rhinitis and allergy-induced
asthma. Several newer targets are also being studied, and
many novel drugs are currently under investigation that will
add to the allergic conjunctivitis treatment armamentarium.

6. Expert opinion

The symptoms and signs of allergic conjunctivitis vary widely
as a function of genetics, environmental exposure and the
patient’s individual immune response. In some patients,
symptoms predominate without a clear presentation of signs;
however, the presence of ocular itching is pathognomonic.
Allergens also vary greatly throughout the year and in differ-
ent regions of the world, and the co-presence of pollution
can lead to a more complex and chronic presentation. The
variability inherent in ocular allergy presents some difficulty
in the evaluation of efficacy of drug therapy. Clinical studies
of potential anti-allergic drugs evaluate subjects either in sea-
sonal studies with natural, environmental allergen exposure
or via CAC. Seasonal studies are wrought with uncontrollable
factors such as allergen exposure; time spent outdoors, inade-
quate or inaccurate completion of diaries for real-time, at-
home assessments of symptoms, and the impossibility of
guaranteeing the presence of signs and symptoms at the
time of the in-office assessments. Furthermore, a recent report
evaluated seasonal studies from 1965 to 2010 and found that
objective patient inclusion criteria and outcome measures
were very limited [101]. Only a minority of the trials was ran-
domized, masked, and placebo-controlled, and only a small
percentage was multicenter. Several outcome measures such
as recurrence rate or disease relapse were not studied in the
majority of the studies. In contrast, the CAC allows for a stan-
dardized method of allergen exposure and an accurate, in-
office real-time assessment of signs and symptoms at drug
onset and in defined time periods after drug instillation to
assess duration of action. All environmental variables and
allergen exposure are held constant, and a drug effect is
revealed with much greater accuracy and reproducibility.

There are many therapies currently available for the various
types of ocular allergy. While short-acting, some of the

first-generation medications developed decades ago are still
effective and currently in use in OTC preparations. Newer-
generation antihistamines and dual acting agents are the
mainstays of current management of allergic conjunctivitis.
Only two drugs are presently available for once-daily dosing:
olopatadine 0.2% (Pataday�) and alcaftadine 0.25%
(Lastacaft�). Given the nature of SAC and PAC, the constant
control of symptoms offered by these drugs sets the bar high
for all other molecules. In head-to-head comparisons, it
appears that alcaftadine has a greater control of itching at its
peak, and a greater percentage of subjects are maintained at
minimal levels of symptoms [78,79].

There is abundant research into the immunopathogenesis
of allergy. As our understanding of the involved immune
mediators and pathways expands, so does the potential scope
of therapeutic modalities. Novel drug targets are being discov-
ered and new molecules are in various stages of development.
SEGRAs and drugs targeting TLRs, IL-1, Syk and JAK are
showing some evidence of efficacy. Some new compounds
affect more than one pathway and thus have multiple mecha-
nisms of action and beneficial effects. Continual comparison
of the clinical efficacy of available molecules in masked, ran-
domized controlled trials will guarantee that the best drug is
being offered to patients. In addition to studying efficacy, bet-
ter evaluation of the safety, side effect profile and tolerance of
drugs may also help determine which should be used in prac-
tice. With improved knowledge of immunopathogenesis,
larger clinical trials of current medications and continued
development of novel drugs, the ideal treatment algorithm
for ocular allergy is on the horizon.

Declaration of interest

MB Abelson is the Founder and Chief Scientific Officer of
Ora, Inc. Ora, Inc. has received or is receiving financial
consideration in connection with certain ocular allergy thera-
peutics. L Smith is an employee of Ora, Inc. The authors have
no other relevant affiliations or financial involvement with
any organization or entity with a financial interest in or finan-
cial conflict with the subject matter or materials discussed in
the manuscript apart from those disclosed.

Advances in pharmacotherapy for allergic conjunctivitis

Expert Opin. Pharmacother. (2015) 16(8) 1227

E
xp

er
t O

pi
n.

 P
ha

rm
ac

ot
he

r.
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
U

ni
ve

rs
ity

 o
f 

L
iv

er
po

ol
 o

n 
05

/3
0/

15
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

http://informahealthcare.com/journal/EOP


Bibliography
Papers of special note have been highlighted as

either of interest (�) or of considerable interest
(��) to readers.

1. Singh K, Axelrod S, Bielory L. The

epidemiology of ocular and nasal allergy

in the United States, 1988-1994.

J Allergy Clin Immunol

2010;126(4):778-83

. Of importance in reviewing the

epidemiology of ocular allergy, as this

is a difficult disease to find specific

incidence and prevalence data.

2. Abelson MB. editor. Allergic disease of

the eye. WB Saunders Co; Philadelphia:

2001

3. La Rosa M, Lionetti E, Reibaldi M,

et al. Allergic conjunctivitis:

a comprehensive review of the literature.

Ital J Pediatr 2013;39:18

4. Gomes PJ. Trends in prevalence and

treatment of ocular allergy. Curr Opin

Allergy Clin Immunol 2014;14:451-6

5. O’Brien TP. Allergic conjunctivitis:

an update on diagnosis and management.

Curr Opin Allergy Clin Immunol

2013;13(5):543-9

6. Abelson MB, Yamamoto GK,

Allansmith MR. Effects of ocular

decongestants. Arch Ophthalmol

1980;98:856-8

7. Abelson MB, Butrus SI, Weston JH,

et al. Tolerance and absence of rebound

vasodilation following topical ocular

decongestant usage. Ophthalmology

1984;91(11):1364-7

8. Adamczyk DT, Jaanus SD. Anti-allergy

drugs and decongestants. In: Bartlett JD,

editor. Clinical ocular pharmacology. 5th

edition. Elsevier; St. Louis, MO:

2008. p. 245-60

9. Vaidyanathan S, Williamson P,

Clearie K, et al. Fluticasone reverses

oxymetazoline induced tachyphylaxis of

response and rebound congestion. Am J

Respir Crit Care Med 2010;182(1):19-24

10. Butrus S, Portela R. Ocular allergy:

diagnosis and treatment.

Ophthalmol Clin N Am 2005;18:485-92

11. Mantelli F, Calder VL, Bonini S. The

anti-inflammatory effects of therapies for

ocular allergy. J Ocul Pharmacol Ther

2013;29(9):786-93

12. Weston JH, Udell IJ, Abelson MB.

H1 receptors in the human ocular

surface. Invest Ophthalmol Vis Sci

1981;20(Suppl):100

13. Abelson MB, Udell IJ. H2 receptors in

the human ocular surface.

Arch Ophthalmol 1981;99(2):302-4

. Of considerable importance as this was

historically the first observation of

H2 receptors in the eye.

14. Leonardi A, DiStefano A, Vicari C, et al.

Histamine H4 receptors in normal

conjunctiva and in vernal

keratoconjunctivitis. Allergy

2011;66(10):1360-6

. Of considerable importance as this was

one of the first observations of

H4 receptors in the eye.

15. Ohbayashi M, Manzouri B,

Morohoshi K, et al. The role of

histamine in ocular allergy. Adv Exp

Med Biol 2010;709:43-52

16. Leonardi A. Allergy and allergic

mediators in tears. Exp Eye Res

2013;106:106-117

17. Leonardi A, DeFranchis G, DePaoli M,

et al. Histamine-induced cytokine

production and ICAM-1 expression in

human conjunctival fibroblasts.

Curr Eye Res 2002;25:189-96

18. Huang JF, Thurmond RL. The new

biology of histamine receptors.

Curr Allergy Asthma Rep 2008;8:21-7

. Of importance as a general review of

histamine receptors.

19. Abelson MB, McLaughlin JT, Gomes PJ.

Antihistamines in ocular allergy: are they

all created equal? Curr Allergy

Asthma Rep 2011;11:205-11

20. Abelson MB, Paradis A, George MA,

et al. Effects of Vasocon-A in the

allergen challenge model of acute allergic

conjunctivitis. Arch Ophthalmol

1990;108:520-4

21. Mishra GP, Tamboli V, Jwala J, et al.

Recent patents and emerging therapeutics

in the treatment of allergic conjunctivitis.

Recent Pat Inflamm Allergy Drug Discov

2011;5(1):26-36

22. Abelson MB, George MA, Schaefer K,

et al. 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):458-64

23. 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):691-8

24. Miraldi Utz V, Kaufman AR. Allergic

eye disease. Pediatr Clin Am

2014;61:607-20

25. Solomon A, Pe’er J, Levi-Schaffer F.

Advances in ocular allergy: Basic

mechanisms, clinical patterns and new

therapies. Curr Opin Allergy

Clin Immunol 2001;1:477-82

26. Yanni JM, Miller ST, Gamache DA,

et al. Comparative effects of topical

ocular anti-allergy drugs on human

conjunctival mast cells. Ann Allergy

Asthma Immunol 1997;79(6):541-5

. Of importance as this much cited

paper compares and contrasts the in

vitro efficacy and binding affinities of

some of the most relevant ocular anti-

allergic agents.

27. Santos CI, Huang AJ, Abelson MB, et al.

Efficacy of lodoxamide 0.1% ophthalmic

solution in resolving corneal

epitheliopathy associated with vernal

keratoconjunctivitis. Am J Ophthalmol

1994;117(4):488-97

28. Abelson MB, Berdy GJ, Mundorf T,

et 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):475-88

29. Leonardi A. The central role of

conjunctival mast cells in the

pathogenesis of ocular allergy.

Curr Allergy Asthma Rep 2002;2:325-31

. Of importance as a very thorough

review of the far-reaching implications

of mast cell activation in

ocular allergy.

30. Bielory BP, Perez VL, Bielory L.

Treatment of seasonal allergic

conjunctivitis with ophthalmic

corticosteroids: in search of the perfect

ocular corticosteroids in the treatment of

allergic conjunctivitis. Curr Opin Allergy

Clin Immunol 2010;10(5):469-77

31. Druilhe A, Letuve S, Pretolani M.

Glucocorticoid-induced apoptosis in

M. B. Abelson et al.

1228 Expert Opin. Pharmacother. (2015) 16(8)

E
xp

er
t O

pi
n.

 P
ha

rm
ac

ot
he

r.
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
U

ni
ve

rs
ity

 o
f 

L
iv

er
po

ol
 o

n 
05

/3
0/

15
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

http://www.ncbi.nlm.nih.gov/pubmed/23497516?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/23497516?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/25115683?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/25115683?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/23974684?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/23974684?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7378008?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7378008?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/6514304?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/6514304?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/6514304?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20203244?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20203244?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20203244?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16314214?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16314214?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/24044620?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/24044620?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/24044620?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/6451212?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/6451212?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21545429?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21545429?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21545429?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21618886?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21618886?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/23891862?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/23891862?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12607189?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12607189?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12607189?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18377770?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18377770?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21437647?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21437647?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2322153?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2322153?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2322153?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21171952?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21171952?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7916020?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7916020?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7916020?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7916020?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11384563?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11384563?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11384563?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11384563?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11384563?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/24852156?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/24852156?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11964730?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11964730?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11964730?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9433371?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9433371?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9433371?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8154531?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8154531?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8154531?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8154531?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12419098?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12419098?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12419098?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12419098?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12419098?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12419098?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12044269?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12044269?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12044269?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20720489?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20720489?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20720489?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20720489?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20720489?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12975579?dopt=Abstract
http://informahealthcare.com/journal/EOP


human eosinophils: mechanisms of

action. Apoptosis 2003;8:481-95

32. Baiula M, Spart�a A, Bedini A, et al.

Eosinophil as a cellular target of the

ocular anti-allergic action of mapracorat,

a novel selective glucocorticoid receptor

agonist. Mol Vis 2011;17:3208-23

33. Fukui H. Progress in allergy signal

research on mast cells: up-regulation of

histamine signal-related gene expression

in allergy model rats. J Pharmacol Sci

2008;106:325-31

34. Chambless SL, Trocme S. Developments

in ocular allergy. Curr Opin Allergy

Clin Immunol 2004;4:431-4

35. Wolthers OD. Growth suppression

caused by corticosteroid eye drops.

J Pediatr Endocrinol Metab

2011;24(5-6):393-4

36. Dell SJ, Lowry GM, Northcutt JA, et al.

A randomized, double-masked, placebo-

controlled parallel study of 0.2%

loteprednol etabonate in patients with

seasonal allergic conjunctivitis.

J Allergy Clin Immunol 1998;102:251-5

37. 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;106:362-9

38. Ilyas H, Slonim CB, Braswell GR, et al.

Long-term safety of loteprednol

etabonate 0.2% in the treatment of

seasonal and perennial allergic

conjunctivitis. Eye Contact Lens

2004;30:10-13

39. McGrath M, Blizzard C, Desai A, et al.

In vivo drug delivery of low solubility

corticosteroids from bioresorbable

hydrogel, punctum plugs ARVO Annual

Meeting; 2014

40. Holsclaw DS, Whitcher JP, Wong IG,

et al. Supra-tarsal injection of

corticosteroid in the treatment of

refractory vernal keratoconjunctivitis.

Am J Ophthalmol 1996;121:243-9

41. Saini JS, Gupta A, Pandey SK, et al.

Efficacy of supratarsal dexamethasone

versus triamcinolone injection in

recalcitrant vernal keratoconjunctivitis.

Acta Ophthalmol Scand 1999;77:515-18

42. Singh S, Pal V, Dhull CS. Supratarsal

injection of corticosteroids in the

treatment of refractory vernal

keratoconjunctivitis.

Indian J Ophthalmol 2001;49:241-5

43. Zaouali S, Kahloun R, Attia S, et al.

Supratarsal injection of triamcinolone

acetonide and childhood allergic

keratoconjunctivitis. Int Ophthalmol

2012;32(2):99-106

44. Lightman S, Scadding G. Should

intranasal corticosteroids be used for the

treatment of ocular symptoms of allergic

rhinoconjunctivitis? A review of their

efficacy and safety profile. Int Arch

Allergy Immunol 2012;158:317-25

45. Naclerio R. Intranasal corticosteroids

reduce ocular symptoms associated with

allergic rhinitis. Otolaryngol Head

Neck Surg 2008;138:129-39

46. Callebaut I, Vandewalle E, Hox V, et al.

Nasal corticosteroid treatment reduces

substance P levels in tear fluid in allergic

rhinoconjunctivitis. Ann Allergy

Asthma Immunol 2012;109:141-6

47. Igarashi T, Nakazato Y, Kunishige T,

et al. Mometasone furoate nasal spray

relieves the ocular symptoms of seasonal

allergic rhinoconjunctivitis.

J Nippon Med Sch 2012;79:182-9

48. Naclerio R, Kaiser H, Lumry W, et al.

Fluticasone furoate nasal spray provided

24-hour relief of nasal and ocular

symptoms of seasonal allergic rhinitis

(SAR) caused by ragweed. Allergy

2007;62:134

49. Bernstein DI, Levy AL, Hampel FC,

et al. Treatment with intranasal

fluticasone propionate significantly

improves ocular symptoms in patients

with seasonal allergic rhinitis.

Clin Exp Allergy 2004;34:952-7

50. Moller C, Ahlstrom H, Henricson KA,

et al. Safety of nasal budesonide in the

long-term treatment of children with

perennial rhinitis. Clin Exp Allergy

2003;33:816-22

51. Bielory L, Chun Y, Bielory BP, et al.

Impact of mometasone furoate nasal

spray on individual ocular symptoms of

allergic rhinitis: a meta-analysis. Allergy

2011;66:686-93

52. Spangler DL, Abelson MB, Ober A,

et al. Randomized, double-masked

comparison of Olopatadine ophthalmic

solution, mometasone furoate

monohydrate nasal spray, and

fexofenadine hydrochloride tablets using

the conjunctival and nasal allergen

challenge models. Clin Ther

2003;25(8):2245-67

. Of importance as this study

demonstrated that conjunctival

allergen challenge does affect the nose,

but nasal challenge does not affect the

eye; also, ocular therapy was shown to

best treat ocular symptoms and nasal

therapy, nasal symptoms, confirming

the efficiency of local, targeted therapy

for allergy of multiple sites.

53. Blaho K. Non-steroidal anti-

inflammatory drugs: Current trends in

pharmacology and therapeutics.

J Am Optom Assoc 1992;63:875-8

54. Kim SJ, Flach AJ, Jampol LM.

Nonsteroidal anti-inflammatory drugs in

ophthalmology. Surv Ophthalmol

2010;55:108-33

55. Yaylali V, Demirlenk I, Tatlipinar S,

et al. Comparative study of 0.1%

olopatadine hydrochloride and 0.5%

ketorolac tromethamine in the treatment

of seasonal allergic conjunctivitis.

Acta Ophthalmol Scan 2003;81:378-82

56. Portmann A, Guedry J, Boidin-Lebel H,

et al. Corneal melt associated with

topical indomethacin use.

J Fr Ophthalmol 2012;35(1):72-3

57. Khalifa YM, Mifflin MD. Keratitis and

corneal melt with ketorolac

tromethamine after conductive

keratoplasty. Cornea 2011;30(4):477-8

58. Prasher P. Acute corneal melt associated

with topical bromfenac use.

Eye Contact Lens 2012;38(4):260-2

59. Abelson MB, Welch DL. An evaluation

of onset and duration of action of

patanol (olopatadine hydrochloride

ophthalmic solution 0.1%) compared to

Claritin (loratadine 10 mg) tablets in

acute allergic conjunctivitis in the

conjunctival allergen challenge model.

Acta Ophthalmol Scand Suppl

2000;60-3

. Of importance since this study

demonstrated that ocular therapy was

more effective than systemic

antihistamine therapy for ocular

allergy, again confirming the

importance of targeted, local therapy

for tissue-specific allergies.

60. 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;25:1975-97

Advances in pharmacotherapy for allergic conjunctivitis

Expert Opin. Pharmacother. (2015) 16(8) 1229

E
xp

er
t O

pi
n.

 P
ha

rm
ac

ot
he

r.
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
U

ni
ve

rs
ity

 o
f 

L
iv

er
po

ol
 o

n 
05

/3
0/

15
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

http://www.ncbi.nlm.nih.gov/pubmed/12975579?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12975579?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22194647?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22194647?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22194647?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22194647?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18360087?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18360087?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18360087?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18360087?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15349044?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15349044?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21823544?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21823544?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9723669?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9723669?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9723669?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9723669?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9951491?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9951491?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9951491?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9951491?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14722462?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14722462?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14722462?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14722462?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8597266?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8597266?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8597266?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10551290?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10551290?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10551290?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12930116?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12930116?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12930116?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12930116?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22488416?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22488416?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22488416?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22488416?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22488416?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18241703?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18241703?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18241703?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22840257?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22840257?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22840257?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22791118?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22791118?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22791118?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15196285?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15196285?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15196285?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15196285?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12801318?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12801318?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12801318?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21261661?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21261661?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21261661?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14512132?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14512132?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14512132?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14512132?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14512132?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14512132?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14512132?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1287072?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1287072?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1287072?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12859265?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12859265?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12859265?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12859265?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21906836?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21906836?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21099410?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21099410?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21099410?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21099410?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22169877?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22169877?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12946545?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12946545?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12946545?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12946545?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12946545?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12946545?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12946545?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12946545?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12946545?dopt=Abstract
http://informahealthcare.com/journal/EOP


61. 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;29:611-16

62. Bartra J, Mullol J, Montoro J, et al.

Effect of bilastine upon the ocular

symptoms of allergic rhinoconjunctivitis.

J Invest Allergol Clin Immunol

2011;21(Suppl 3):24-33

63. Bertelmann E, Pleyer U.

Immunomodulatory therapy in

ophthalmology - Is there a place for

topical application? Ophthalmologica

2004;218:359-67

64. Fukushima A, Yamaguchi T, Ishida W,

et al. Cyclosporin A inhibits eosinophilic

infiltration into the conjunctiva mediated

by type IV allergic reactions.

Clin Exp Ophthalmol 2006;34:347-53

65. Shii D, Nakagawa S, Yoshimi M, et al.

Inhibitory effects of cyclosporine A eye

drops on symptoms in late phase and

delayed-type reactions in allergic

conjunctivitis models. Biol Pharm Bull

2010;33:1314-18

66. Labcharoenwongs P,

Jirapongsananuruk O, Visitsunthorn N.

A double-masked comparison of 0.1%

tacrolimus ointment and 2%

cyclosporine eye drops in the treatment

of vernal keratoconjunctivitis in children.

Asian Pac J Allergy Immunol

2012;30:177-84

67. Ebihara N, Ohashi Y, Uchio E, et al.

A large prospective observational study of

novel cyclosporine 0.1% aqueous

ophthalmic solution in the treatment of

severe allergic conjunctivitis.

J Ocul Pharmacol Ther 2009;25:365-72

68. Hingorani M, Moodaley L, Calder VL,

et al. A randomized, placebo-controlled

trial of topical cyclosporin A in steroid-

dependent atopic keratoconjunctivitis.

Ophthalmology 1998;105:1715-20

69. Kino T, Hatanaka H, Miyata S, et al.

FK-506, a novel immunosuppressant

isolated from a Streptomyces. II.

Immunosuppressive effect of FK-506 in

vitro. J Antibiot 1987;40:1256-65

70. Ohashi Y, Ebihara N, Fujishima H, et al.

A randomized, placebo-controlled clinical

trial of tacrolimus ophthalmic suspension

0.1% in severe allergic conjunctivitis.

J Ocul Pharmacol Ther 2010;26:165-74

71. Ryu EH, Kim JM, Laddha PM, et al.

Therapeutic effect of 0.03% tacrolimus

ointment for ocular graft versus host

disease and vernal keratoconjunctivitis.

Korean J Ophthalmol 2012;26(4):241-7

72. Canonica GW, Ciprandi G, Petzold U,

et al. Topical azelastine in perennial

allergic conjunctivitis. Curr Med

Res Opin 2003;19:321-9

73. Pacharn P, Vichyanond P.

Immunomodulators for conjunctivitis.

Curr Opin Allergy Clin Immunol

2013;13:550-7

74. Tsujii T, Yamamoto E, Ohira T, et al.

Antihistamine effects on prefrontal cortex

activity during working memory process

in preschool children: a near-infrared

spectroscopy (NIRS) study. Neurosci Res

2010;67:80-5

75. Torkildsen GL, Williams JI, Gow JA,

et al. Bepotastine besilate ophthalmic

solution for the relief of nonocular

symptoms provoked by conjunctival

allergen challenge. Ann Allergy

Asthma Immunol 2010;105:57-64

76. Gallois-Bernos AC, Thurmond RL.

Alcaftadine, a new antihistamine with

combined antagonist activity at histamine

H1, H2, and H4 receptors. J Receptor,

Ligand, Channel Res 2012;5:9-20

77. Ono SJ, Lane K. Comparison of effects

of alcaftadine and olopatadine on

conjunctival epithelium and eosinophil

recruitment in a murine model of allergic

conjunctivitis. Drug Design

Develop Ther 2011;5:77-84

. Of considerable importance as this

study demonstrated alcaftadine’s

unique mechanisms of anti-

allergic activity.

78. Ackerman S, D’Ambrosio FD,

Greiner JV, et al. A multicenter

evaluation of the efficacy and duration of

action of alcaftadine 0.25% and

olopatadine 0.2% in the conjunctival

allergen challenge model.

J Asthma and Allergy 2013;6:43-52

79. McLaurin EB, Marsico NP,

Ackerman SL, et al. Ocular itch relief

with alcaftadine 0.25% versus

Olopatadine 0.2% in allergic

conjunctivitis: pooled analysis of two

multicenter randomized clinical trials.

Adv Ther 2014;31:1059-71

. Of considerable importance as these

are the only two ocular anti-allergics

approved for once-daily treatment.

This study demonstrated that

alcaftadine improved symptoms of

itching better than olopatadine at the

duration of action assessment.

80. Erekosima N, Suarez-Cuervo C,

Ramanathan M, et al. Effectiveness of

subcutaneous immunotherapy for allergic

rhinoconjunctivitis and asthma:

a systematic review. Laryngoscope

2014;124(3):616-27

81. Dahl R, Kapp A, Colombo G, et al.

Efficacy and safety of sublingual

immunotherapy with grass allergen

tablets for seasonal allergic

rhinoconjunctivitis.

J Allergy Clin Immunol

2006;118:434-40

82. Didier A, Malling HJ, Worm M, et al.

Optimal dose, efficacy, and safety of

once-daily sublingual immunotherapy

with a 5-grass pollen tablet for seasonal

allergic rhinitis. J Allergy Clin Immunol

2007;120:1338-45

83. Calderon MA, Penagos M, Sheikh A,

et al. Sublingual immunotherapy for

allergic conjunctivitis: Cochrane

systematic review and meta-analysis.

Clin Exp Allergy 2011;41:1263-72

84. Rhinitis, Allergic, Perennial.

CenterWatch.

2014. Available from: https://www.

centerwatch.com/clinical-trials/results/

new-therapies/nmt-details.aspx?

CatID=804 [Last accessed 1 April 2015]

85. De Bosscher K. Selective Glucocorticoid

receptor modulators. J Steroid Biochem

Mol Biol 2010;120:96-104

86. Stahn C, Lowenberg M, Hommes DW,

et al. Molecular mechanisms of

glucocorticoid action and selective

glucocorticoid receptor agonists.

Mol Cell Endocrinol 2007;275:71-8

87. L€owenberg M, Stahn C, Hommes DW,

et al. Novel insights into mechanisms of

glucocorticoid action and the

development of new glucocorticoid

receptor ligands. Steroids

2008;73:1025-9

88. Kato M, Hagiwara Y, Oda T, et al.

Beneficial pharmacological effects of

selective glucocorticoid receptor agonist

in external eye diseases. J Ocular Pharm

and Ther 2011;27:353-60

89. Evans RM. Molecular characterization of

the glucocorticoid receptor. Recent Prog

Horm Res 1989;45:1-27

M. B. Abelson et al.

1230 Expert Opin. Pharmacother. (2015) 16(8)

E
xp

er
t O

pi
n.

 P
ha

rm
ac

ot
he

r.
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
U

ni
ve

rs
ity

 o
f 

L
iv

er
po

ol
 o

n 
05

/3
0/

15
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

http://www.ncbi.nlm.nih.gov/pubmed/22185047?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22185047?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15564752?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15564752?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15564752?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16764655?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16764655?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16764655?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20686224?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20686224?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20686224?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20686224?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/23156846?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/23156846?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/23156846?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/23156846?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19441889?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19441889?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19441889?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19441889?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9754182?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9754182?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9754182?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2445722?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2445722?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2445722?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2445722?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20307214?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20307214?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20307214?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22870021?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22870021?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22870021?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12841925?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12841925?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/23974685?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20138095?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20138095?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20138095?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20138095?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20642205?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20642205?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20642205?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20642205?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21340041?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21340041?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21340041?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21340041?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21340041?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/24109191?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/24109191?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/24109191?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/24109191?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/24109191?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/25260889?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/25260889?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/25260889?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/25260889?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/25260889?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/23832632?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/23832632?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/23832632?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/23832632?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16890769?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16890769?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16890769?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16890769?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17935764?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17935764?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17935764?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17935764?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21848759?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21848759?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21848759?dopt=Abstract
https://www.centerwatch.com/clinical-trials/results/new-therapies/nmt-details.aspx?CatID=804
https://www.centerwatch.com/clinical-trials/results/new-therapies/nmt-details.aspx?CatID=804
https://www.centerwatch.com/clinical-trials/results/new-therapies/nmt-details.aspx?CatID=804
https://www.centerwatch.com/clinical-trials/results/new-therapies/nmt-details.aspx?CatID=804
http://www.ncbi.nlm.nih.gov/pubmed/20206690?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20206690?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17630118?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17630118?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17630118?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21574866?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21574866?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21574866?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2682841?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2682841?dopt=Abstract
http://informahealthcare.com/journal/EOP


90. Schacke H, Rehwinkel H. Dissociated

glucocorticoid receptor ligands.

Curr Opin Investig Drugs 2004;5:524-8

91. Renfro L, Snow JS. Ocular effects of

topical and systemic steroids.

Dermatol Clin 1992;10:505-12

92. Spaeth GL, Rodrigues MM, Weinreb S.

Steroid-induced glaucoma: A. Persistent

elevation of intraocular pressure. B.

Histopathological aspects. Trans Am

Ophthalmol Soc 1977;75:353-81

93. Cavet ME, Volhejn S, Harrington KL,

et al. Anti-allergic effects of mapracorat,

a novel selective glucocorticoid receptor

agonist, in human conjunctival

fibroblasts and epithelial cells. Mol Vis

2013;19:1515-25

94. Redfern RL, McDermott AM. Toll-like

receptors in ocular surface disease.

Exp Eye Res 2010;90:679-87

95. Ueta M, Kinoshita S. Ocular surface

inflammation is regulated by innate

immunity. Progr Ret Eye Res

2012;31:551-75

96. Ulanova M, Duta F, Puttagunta L, et al.

Spleen tyrosine kinase (Syk) as a novel

target for allergic asthma and rhinitis.

Expert Opin Ther Targets

2005;9(5):901-21

97. Malaviya R, Zhu D, Dibirdik I, et al.

Targeting Janus kinase 3 in mast cells

prevents immediate hypersensitivity

reactions and anaphylaxis. J Biol Chem

1999;274(38):27028-38

98. Butrus S. Assessing the dry eye drug

pipeline. Ophthalmol Manage

2013;17:30-4

99. Keane-Myers AM, Miyazaki D, Liu G,

et al. Prevention of allergic eye disease by

treatment with IL-1 receptor antagonist.

Invest Ophthalmol Vis Sci

1999;40(12):3041-6

100. Amparo F, Dastjerdi MH, Okanobo A,

et al. Topical interleukin 1 receptor

antagonist for treatment of dry eye

disease: a randomized clinical trial.

JAMA Ophthalmol 2013;131(6):715-23

101. Mantelli F, Lambiase A, Bonini S, et al.

Clinical trials in allergic conjunctivitis:

a systematic review. Allergy

2011;66:919-24

Affiliation
Mark B Abelson1,2 MD, Sirikishan Shetty3 MD,

Michael Korchak3 MD,

Salim I Butrus4 MD & Lisa M Smith†2

†Author for correspondence
1Clinical Professor,

Harvard University, Department of

Ophthalmology, Ora, Inc., 300 Brickstone

Square, Andover MA 01810, USA
2Ora, Inc., 300 Brickstone Square, Andover MA

01810, USA

E-mail: lsmith@oraclinical.com
3Georgetown University Hospital/Washington

Hospital Center, Department of Ophthalmology,

110 Irving Street NW, Suite 1A-19, Washington

DC 20010, USA
4Clinical Professor,

Georgetown University, Department of

Ophthalmology, 650 Pennsylvania Avenue SE,

Suite 270, Washington DC 20003, USA

Advances in pharmacotherapy for allergic conjunctivitis

Expert Opin. Pharmacother. (2015) 16(8) 1231

E
xp

er
t O

pi
n.

 P
ha

rm
ac

ot
he

r.
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
U

ni
ve

rs
ity

 o
f 

L
iv

er
po

ol
 o

n 
05

/3
0/

15
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

http://www.ncbi.nlm.nih.gov/pubmed/15202726?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15202726?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1617809?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1617809?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/613525?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/613525?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/613525?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/23878502?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/23878502?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/23878502?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/23878502?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20346359?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20346359?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22728145?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22728145?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22728145?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16185147?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16185147?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10480916?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10480916?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10480916?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10549671?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10549671?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/23599118?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/23599118?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/23599118?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21261658?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21261658?dopt=Abstract
mailto:lsmith@oraclinical.com
http://informahealthcare.com/journal/EOP

	Abstract
	Introduction
	Immune response
	Pharmacologic therapy (Table 1)
	Ocular decongestants
	Antihistamines and combination antihistamine&ndash;decongestants
	Mast cell stabilizers
	Corticosteroids
	Topical NSAIDs
	Systemic antihistamines
	Immunomodulatory therapy
	Dual acting agents

	Current research for future therapy
	Allergen desensitization
	Selective glucocorticoid receptor agonists
	Toll-like receptors
	Other potential targets

	Conclusion
	Expert opinion
	Declaration of interest
	Bibliography

