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Abstract: Allergic disorders of the ocular surface are primarily characterized as IgE- and/or
T-lymphocyte-mediated disorders that affect the cornea, conjunctiva, and eyelid. Approximately
40% of individuals in the developed countries have allergic conjunctivitis, and as such, it is
the most common form of ocular allergy. Seasonal allergic conjunctivitis is the most prevalent
type of allergic conjunctivitis that impacts the quality of life of patients. This article reviews
the pharmacology, pharmacodynamics, pharmacokinetics, clinical trials, clinical efficacy, and
safety of alcaftadine. Histamine and the pathological mechanism of ocular allergy will be briefly
reviewed with the intent of providing a background for the detailed discussion on the clinical
utility of alcaftadine in allergic conjunctivitis. The Medline PubMed, Elsevier Science Direct,
and Google Scholar databases were used to search for evidence-based literature on histamine
and immunopathological mechanism of allergic conjunctivitis, as well as on pharmacology,
pharmacodynamics, pharmacokinetics, clinical trials, and clinical efficacy of alcaftadine. The
treatment and management goals of allergic conjunctivitis are to prevent or minimize the
inflammatory cascade associated with allergic response in the early stages of the pathological
mechanism. It is of note that activation of histamine receptors on immune and nonimmune cells
are associated with allergen-induced inflammation of the conjunctiva and its associated ocular
allergic manifestations, including itching, edema, hyperemia, and tearing. Alcaftadine is an
efficacious multiple action antiallergic therapeutic agent with inverse agonist activity on HI,
H2, and H4 receptors, as well as anti-inflammatory and mast cell stabilizing effects that could
provide therapeutic benefits to patients with allergic conjunctivitis.

Keywords: alcaftadine, allergic conjunctivitis, histamine, immunopathological mechanisms,
ocular allergies

Introduction
Allergic disorders of the ocular surface are primarily characterized as IgE-medicated
and/or T-lymphocyte-mediated disorders that affect the ocular surface, including the
cornea, conjunctiva, and eyelid."? Ocular allergies are usually categorized into acute or
chronic allergic disorders based on their pathological mechanism and clinical expres-
sion of the allergic response on the ocular surface.** The acute form includes seasonal
allergic conjunctivitis (SAC) and perennial allergic conjunctivitis (PAC). Chronic
forms are vernal keratoconjunctivitis (VKC) and atopic keratoconjunctivitis.
Allergic conjunctivitis is the most prevalent form of ocular allergy. It is predomi-
nantly an IgE-mediated ocular allergy that occurs when airborne allergens induce
allergic expression on the ocular surface.>® SAC is a seasonal variant of allergic con-
junctivitis due to outdoor aeroallergens, whereas PAC is the perennial variant of allergic
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conjunctivitis due to indoor airborne allergens.® Pollen is the
major aeroallergen that is associated with SAC with increased
incidence of SAC from tree pollen and grass pollen in the
spring and summer months, respectively. Dust mites, pet
dander, feathers, and mold are aeroallergens associated with
PAC.27 Patients with allergic conjunctivitis may complain of
ocular pruritus and redness following exposure to outdoor
and indoor aeroallergens.® Approximately 40% of individuals
in the developed countries have allergic conjunctivitis.” In
the United States, allergic conjunctivitis is the most common
form of ocular allergy that constitutes over 90% of all ocular
allergies.? Allergic conjunctivitis affects the ocular surface
impacting the quality of life of patients. It affects the school
performance of symptomatic students and work productivity
through lost workman days.>’

The treatment and management goals of allergic conjunc-
tivitis are to prevent or minimize the inflammatory cascade
associated with allergic response in the early stages of the
pathological mechanism.* The magnitude of the allergic
expression is dependent on the allergen load, allergic media-
tors expressed by immune and nonimmune cells, and other
physiological factors.'” Histamine, leukotrienes, cytokines,
chemokines, prostaglandins, and proteases are produced by
activated mast cells in allergen-induced conjunctival inflam-
mation in SAC and PAC.? This article reviews the chemical
compound, including pharmacology, pharmacodynamics,
pharmacokinetics, clinical trials, clinical efficacy, and safety,
of alcaftadine. The pathological mechanism of ocular allergy,
histamine, and histamine receptors will be briefly reviewed
with the intent of providing a background for the detailed
discussion on the clinical utility of alcaftadine.

Conjunctiva

The conjunctivae are highly vascularized and immunologi-
cally active semitransparent mucous membranes that line the
globe.*!! The conjunctiva consists of two layers — epithelium
and the substantia propria (conjunctival stroma). The con-
junctival epithelium is a nonkeratinized mucosal tissue with
mucin-secreting goblet cells and intraepithelial leukocytes.!:!2
The substantia propria is composed of vascular connective
tissue with lymphatics, immune cells, and nonimmune
cells.!?!* The normal conjunctiva has neutrophils and intra-
epithelial lymphocytes in the epithelium and the substantia
propria. However, macrophages and mast cells are present in
the substantia propria but absent in the normal conjunctival
epithelium. Eosinophils are not normally found in either
the epithelium or the substantia propria.'"'>!*'¢ The con-
junctiva has an abundance of Langerhans’ cells that initiate

allergen-induced immune response when these antigen-
presenting cells encounter an allergen on the conjunctiva.!!
The immune cells, such as lymphocytes, distributed over the
conjunctiva form a mucosal immune system known as the
conjunctiva-associated lymphoid tissue.!”! Conjunctiva-
associated lymphoid tissue is a component of the eye-
associated lymphoid tissue. It is of note that eye-associated
lymphoid tissue consists of organized lymphoid tissue made
up of predominantly lymphocytes.!”?*! In normal conjunc-
tiva, the mast cells are concentrated in the substantia propria.
Immunohistochemical staining is the basis for characterizing
the human mast cell as either tryptase containing (mucosal
mast cell) or tryptase/chymase containing (connective type
mast cell)."?? Toll-like receptors (TLRs) are pattern-recog-
nition receptors of the innate immune system that recognize
exogenous and endogenous molecules.” TLRs are expressed
on both nonimmune (epithelial, endothelial cells, fibroblasts)
and immune cells (macrophages, dendritic cells [DCs], lym-
phocytes, mast cells, neutrophils, and eosinophils).?*?* TLRs
are known to play a role in initiating a signaling cascade that
culminate in the generation of proinflammatory cytokines,
chemokines, and adhesion molecules.'® Therefore, TLRs play
a vital role in the ocular surface immune response,” and the
expression of TLRs in the conjunctival epithelium is increased
during ocular allergic conditions.® Additionally, the conjunc-
tiva expresses transient receptor potential (TRP) channels
that play a role in the pathophysiology of many diseases,
including immune-mediated diseases.*® TRPV1 is a TRP
channel expressed on definitive sensory nerves, epithelial
cells, and mast cells, and activation of TRPV1 is associated
with histamine-induced pruritus.?” The healthy conjunctiva
has intercellular tight junction proteins that help maintain the
barrier function of the conjunctival epithelium, a barrier that
is impermeable to allergens.” The occludin and claudin trans-
membrane protein complexes are major constituents of tight
junction proteins that play a role in maintaining the stability
and adhesion of epithelial cells on the ocular surface. Thus,
changes to the epithelial barrier function are likely to play a
role in the pathogenesis of allergic conjunctivis.'’

Histamine

Histamine (2-(1H-imidazol-4-yl)ethylamine, B-amino-
ethylimidazole), a low molecular weight biogenic amine,
is produced by L-histidine decarboxylate-mediated decar-
boxylation of histidine.?-*! Histamine produced following
mast cell degranulation is degraded by histamine N-methyl
transferase (HNMT) and diamine oxidase.* It plays an
important role in the pathomechanisms of allergen-induced
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conjunctival inflammation via activation of the G protein-
coupled receptors. It is of note that histamine receptors are G
protein-coupled receptors.*** Histamine also plays a role in a
variety of other pathological processes. Although histamine is
mainly produced by mast cells and basophils, other immune
cells such as neutrophils and macrophages are capable of
producing histamine.” The genes encoding histamine type 1
(H1) and type 2 (H2) receptors are located on chromosomes 3
and 5, respectively. Genes located on chromosomes
20 and 18 encode histamine type 3 (H3) and 4 (H4) recep-
tors, respectively.?® H1 receptors are expressed on nerve
cells, vascular smooth muscles, endothelial cells, epithelial
cells, neutrophils, eosinophils, monocytes, macrophages,
DCs, T-cells, and B-cells.’** H2 receptors are expressed
on nerve cells, vascular smooth muscles, endothelial cells,
epithelial cells, neutrophils, eosinophils, macrophages,
monocytes, DCs, T-cells, and B-cells.?**¢ H3 receptors are
usually expressed on nerve cells and goblet cells. It is of
note that histamine receptors 1, 2, and 4 are also expressed
on goblet cells of the conjunctiva.'® Histamine induces
itching via activation of HI receptors expressed on sensory
nerve fibers in the conjunctiva, and histamine-induced itch-
ing requires activation of TRPV1.>” H1 and H2 receptors
mediate vasodilation and increased permeability of con-
junctival vessels that occur in response to allergen-induced
inflammatory response.>* The vasodilation and increased
vasopermeability of the conjunctival vessels manifests as
conjunctival hyperemia and chemosis, respectively. H4
receptors are involved in inflammation, allergy, and immu-
nomodulation. These receptors are expressed on mast cells,
basophils, eosinophils, monoctyes, macrophages, T-cells,
basophils, and DCs.?!* H4 receptors mediate the recruitment
of mast cells, eosinophils, and T-lymphocytes to the site of
allergen-induced inflammation.’>*® This further amplifies
the histamine-mediated immunopathological response in
the conjunctiva.*® In ocular allergy, histamine binding to H4
receptors on eosinophils primes eosinophils to respond to
eotaxin, a chemokine for eosinophils.’!

Immunopathological mechanisms
Exposure of the conjunctiva to allergens is associated with an
immunopathological response that occurs in three phases —
sensitization, early phase, and late phase.

Sensitization phase

The sensitization phase of allergic conjunctivitis occurs on
initial exposure of the conjunctiva to airborne allergens such
as pollen. When the allergens are deposited on the conjunctiva,

the allergen via action of their proteolytic enzymes degrade
the tight junction of the conjunctiva epithelial cells in order to
gain access to immune cells such as macrophages, DCs, and
mast cells. The immature DCs will engulfthe allergen, process
it, and undergo biochemical changes that lead to the upregu-
lation of major histocompatibility complex (MHC) class II
molecules. The processed allergen is displayed as a peptide
in association with MHC class II molecules on the DCs. The
mature DC will migrate to the regional lymph node where
they activate naive T-cells to proliferate and differentiate into
Th2-lymphocytes.* The Th2-lymphocytes secrete cytokines
such as IL-4, IL-5, and IL-13.> Additionally, the naive
B-lymphocyte interacts with the same allergen, processing the
allergen into peptides that are presented in association with
MHC class II molecules as a peptide:MHC class II complex
on the B-cell receptors. Interaction between T-cell receptors
of'the allergen-specific Th2-lymphocytes and B-cell receptors
of the allergen-activated B-lymphocytes in conjunction with
CD40-CD40L interactions in the presence of I1L-4 will trig-
ger the proliferation and differentiation of the B-lymphocyte
into IgE-secreting plasma cells.***! Additionally, allergens in
contact with the conjunctiva can trigger conjunctival epithelial
cells to produce thymic stromal lymphopoietin (TSLP), which
in turn activates DCs through TSLP-TSLPR receptor interac-
tion to induce the activation of naive T-cells via OX40L-0X40
signaling pathways** and their subsequent differentiation
into Th2 cells that produce IL-4 that induce B-cells to produce
IgE-secreting plasma cells.* TSLP is capable of causing ocular
itch via activation of TSLP receptors on sensory neurons and/
or immune cells that release mediators that interact with their
respective sensory receptors.* Thus, TSLP also participates in
the initiation of the sensitization process and the exacerbation
of allergic eye diseases.” The allergen-specific IgE traffics
to the mast cells in the conjunctiva and binds to high-affinity
IgE receptors (FceRI) located on the surface of mast cells.
The mast cells with FceRI bound to IgE become primed mast
cells that will undergo activation and degranulation upon
subsequent exposure to allergens.'3%#!

Early phase response

An allergic reaction will be initiated when previously sensi-
tized eyes are re-exposed to the allergen. The allergens acti-
vate Th2-lymphocytes to secrete Th2-lymphocyte-derived
cytokines.*® This binding of multivalent allergens to IgE
molecules on FceRI induces cross-linking of the [gE-FceRI
complex on the primed mast cells, which in turn activates the
primed mast cell to undergo degranulation. Degranulation
of the mast cells leads to three immunobiological responses
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that are characterized by the release of preformed mediators
such as biogenic amines (eg, histamine) and neutral proteases
(eg, tryptase), synthesis and release of lipid mediators (eg,
prostaglandin), and production and release of cytokines (eg,
IL-4). This is the activation phase of allergic response of
allergic conjunctivitis.>* It is noteworthy that the early-phase
response occurs within 3—5 minutes of allergen exposure,
and it usually lasts for less than an hour.**#’

Histamine binding to receptors on the ocular surface
is associated with altered permeability of epithelium that
disrupts the epithelial barrier function of the conjunctiva. It
also stimulates epithelial cells of the conjunctiva to release
adhesion molecules, chemokines, and proinflammatory
cytokines.*® The interaction of histamine with histamine
receptors expressed on immature DCs recruits and activates
DCs to become mature antigen-presenting cells capable of
activating naive T lymphocytes to become activated CD4
T lymphocytes that subsequently differentiate into Th2-
lymphocytes.?****¢ Thus, Th2-lymphocytes along with mast
cells are the major immune cells involved in allergic inflam-
matory response in allergic conjunctivitis.* The binding of
released histamine from degranulated mast cells to histamine
receptors on vascular endothelial cells, neuronal fibers, goblet
cells, immune cells, and conjunctival epithelium culminates
in the clinical manifestation of allergic conjunctivitis (red-
ness, itching, tearing, chemosis, and eyelid edema)." Further-
more, the interaction of histamine with histamine receptors
on conjunctival goblet cells and nerve fibers causes increased
mucus secretion and itching in allergic conjunctivitis, respec-
tively.2 Tryptase released following mast cell degranulation
induces the proliferation of conjunctival fibroblasts, as well
as potentiates the effect of histamine. It is of note that tryptase
and histamine are considered biomarkers of allergen-induced
IgE-mediated conjunctival allergic response.’

Late phase response

The late-phase response occurs 2—4 hours following the
early-phase response, and it could last for many hours."
The late phase of allergic conjunctivitis is mediated by lipid
mediators (prostaglandins and leukotrienes) formed from
products of arachidonic acids oxidative metabolism and
cytokines that recruit and activate inflammatory cells such
as eosinophils, lymphocytes, monocytes, and neutrophils.®
Mast cell degranulation is associated with the release of
cytokines (IL-4, IL-5, IL-6, IL-13, TNF-o, and TGF-p),
growth factors, and chemokines (CXCLS8, CCL3, CCL5, and
eotaxin). Cytokines activate conjunctival epithelial cells and
fibroblasts to express chemokines and adhesion molecules.
Chemokines and adhesion molecules mediate the recruitment

of eosinophils and other inflammatory cells to the site of aller-
gic inflammation.”*>* These mediators recruit inflammatory
cells such as lymphocytes, eosinophils, and neutrophils into
the conjunctiva.’ Prostaglandins (eg, PGD2) cause conjunc-
tival hyperemia by inducing vasodilation as well as intensify
the histamine-mediated pruritus. Additionally, leukotriene
B4 can activate TRPV1 and induce itching via interaction
with LTB4 receptors on sensory nerves.* Leukotriene (LTC4
and LTD4) can induce vasodilation and vascular leakage
that leads to efflux of fluid from the conjunctival vessels
into the mucosal tissue (causing conjunctival edema) and
inducing goblet cells to produce excessive amounts of mucus.
Thus, leukotrienes augment the vasodilation and increased
vascular permeability effects of histamine.>*3° The lipid
mediators play a major role in allergen-induced conjunctival
inflammation in the early stages of the late-phase response
of activation phase of allergic conjunctivitis. Cytokines
and chemokines released following mast cell degranulation
are involved in cellular infiltration of the conjunctiva. IL-4
released induces the generation of IgE-producing plasma
cells, expression of adhesion molecules, induces conjunctival
fibroblasts to release eotaxin and differentiation of activated
CD4 T-cells into Th2 cells. IL-5 and eotaxin are involved
in the activation and recruitment of eosinophils to the site
of allergen-induced conjunctivitis.> Eosinophils that are
recruited to the conjunctiva undergo degranulation to release
cationic granule proteins, eosinophil-derived enzymes, lipid
mediators, chemokines, and cytokines.! Additionally, acti-
vated eosinophils degranulate to release granule contents
that are epitheliotoxic to the conjunctival epithelium that
could further compromise the integrity of the epithelial bar-
rier function.!® Other cells recruited during the late phase
include lymphocytes, neutrophils, and monocytes. The cells
recruited and activated during the late phase of the response
cause inflammation and tissue remodeling.**! Adhesion
molecules, such as vascular cell adhesion molecule and
intercellular adhesion molecule, play a role in recruitment and
transmigration of inflammatory cells, including eosinophils
and lymphocytes, into the conjunctiva leading to persistence
of the chronic inflammatory reaction in the late phase of the
allergen-induced conjunctival inflammation.? Thus, the mast
cell-derived cytokines and chemokines, as well as the lipid
mediators, contribute to the development of the late-phase
allergic inflammatory reaction and sustained inflammation
at the site of the allergic reaction.!

Alcaftadine

Alcaftadine is an antiallergic therapeutic agent that has
inverse agonist effects on H1, H2, and H4 receptors, as well
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as mast cell-stabilizing effects. In doing so, antihistaminic
effect provides relief from itching associated with early phase
of ocular allergic response, whereas mast cell stabilization
inhibits the release of mediators such as cytokines and lipid
mediators that play a role in late-phase response of allergic
conjunctivitis. >3

Chemical structure of alcaftadine

As shown in Figure 1, alcaftadine is a tricyclic piperidine
aldehyde structure that is converted to a carboxylic acid
metabolite in vivo. Its empirical formula and chemical
name are C H, N,O and 6,11-dihydro-11-(l-methyl-4-
piperidinylidene)-5H-imidazo[2,1-b][3]benzazepine-3-
carboxaldehyde (CAS No 147084-10-4), respectively. %

Alcaftadine has a high affinity for the H1 and H2 hista-
mine receptors measured in the nanometer range utilizing
receptor binding studies. The compound also possesses a
moderate affinity for the newly identified H4 receptor in
the micrometer range. Moderate affinity was demonstrated
in cholinergic muscarinic receptors in rat striatum. Other
receptors with lower affinity included the human alpha2A
adrenergic receptors, human serotonin SHT1A, and human
melanocortin MC4 receptors. Ligand displacement experi-
ments found that alcaftadine did not interact with any other
receptor, transporter, or ion channel binding site. These
findings revealed that alcaftadine is an effective and specific
ligand for H1 and H2 receptors.*

Preliminary studies of oral formulations of alcaftadine led
to the discovery of its carboxylic acid metabolite. The latter
compound demonstrated strong antihistamine activity during
in vivo assays. Due to its bioactivity, further in vitro studies
utilizing human liver microsomes and diagnostic cytochrome
P450 (CYP450) substrates were performed to provide
additional data regarding the metabolism of alcaftadine and
its metabolite. Results showed that alcaftadine is metabolized
via aldehyde oxidation to form the active carboxylic acid

metabolite. Findings suggested that metabolism predomi-
nantly occurred via non-CYP450 enzymes and most likely
involved soluble cystolic enzymes, aldehyde dehydrogenase,
and aldehyde reductase.> Neither alcaftadine nor its active
metabolite substantially inhibited CYP450 enzymes. The lack
of inhibition thereby indicated that no clinically relevant drug
interactions associated with alcaftadine or its metabolite.**’
It is of note that alcaftadine metabolism was inhibited by
25%—33% in the presence of erythromycin, loratadine, and
ketotifen at in vitro concentrations five to eight times the
therapeutic plasma concentration.>

Additionally, human plasma protein binding and red
blood cell distribution were assessed. Drug distribution of
alcaftadine exhibited that it has an affinity for red blood cells
(39.17%=1.4 SD), whereas the carboxylic acid metabolite is
predominantly found in the plasma (69.7%=1.4 SD). Alcaf-
tadine 0.25% ocular administration showed similar results
to oral dosing with both modes of administration having
low bioavailability. Peak plasma levels of ocular alcaftadine
and its metabolite were reached at 15 minutes and 1 hour,
respectively.*>® Furthermore, concentration in plasma falls
below detectable levels at 3 hours and 12 hours, respec-
tively. Elimination of ocular alcaftadine 0.25% is primarily
accomplished through cystolic enzyme-assisted metabolism
to its metabolite. The acid metabolite is excreted unchanged
in the urine.” Systemic accumulation was not exhibited by
alcaftadine or the carboxylic acid metabolite after multiple
ocular dosing.>5%

Clinical studies

Eleven clinical studies were submitted as part of the FDA
approval application for alcaftadine 0.25%, including three
randomized, double-masked, placebo-controlled studies.
Additionally, published clinical studies have displayed the
clinical efficacy and safety of the drop. Each published study
utilized the conjunctival allergen challenge (CAC) model.

Rs
N | .

Figure | The chemical structure of alcaftadine and its primary metabolite.

Notes: The aldehyde structure is converted to a carboxylic acid to form the metabolite via aldehyde oxidation. Copyright © 2011, Mary Ann Liebert, Inc. This figure is
reproduced with permission from Mary Ann Liebert, Inc. Reproduced from Bohets H, McGowan C, Mannens G, Schroeder N, Edwards-Swanson K, Shapiro A. Clinical
pharmacology of alcaftadine, a novel antihistamine for the prevention of allergic conjunctivitis. Journal of Ocular Pharmacology and Therapeutics. 201 1;27(2):187—195.%
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The CAC model is a well-utilized study design to evaluate
antiallergy medications in a controlled environment.® The
CAC has been employed as a study model for over 20 years
and utilized as a standard clinical method by the FDA in evalu-
ating allergic diseases.?®®! The typical CAC format includes
two baseline visits. The first visit allows the investigators to
titrate the allergen dose in order to achieve the desired clinical
response. The second visit then confirms the initial titration
results. The patients who demonstrate reproducible results
and the desired clinical response proceed to a third visit.
During the third and fourth visits of the study, the onset and
duration of action are measured by administering the medi-
cation (active ingredient) and comparative agents (placebo
and comparator) followed by challenging the patient with the
appropriate dose of allergen.’*%° Ocular allergy manifestations
including hyperemia, chemosis, and pruritus are then evalu-
ated. The patient rates the itch symptoms on a scale from 0
(least symptomatic) to 4 (most symptomatic). Study personnel
utilize the same scale to rate ocular redness and chemosis signs
of allergic conjunctivitis. The onset can be measured within
minutes after drug instillation and the allergen challenge. The
duration of action is measured at a separate visit whereby the
allergen challenge is initiated at a specific time, usually hours
after the medication has been administered.>*°

Clinical studies: alcaftadine and placebo

Torkildsen and Shedden conducted a two-arm, double-
masked, multicenter, placebo-controlled Phase III study
evaluating the safety and clinical efficacy of alcaftadine 0.25%.
Subject inclusion criteria were a history of ocular allergies with
at least one positive skin test reaction to cat hair, cat dander,
grasses, ragweed, dog dander, cockroach, dust mite, Japanese
cedar, and/or tree pollen within the past 2 years, best-corrected
visual acuity 0.6 logMAR or better in each eye using an Early
Treatment of Diabetic Retinopathy Study chart, and a positive
bilateral CAC reaction within 10 minutes of the last titration of
allergen during the first visit. A positive bilateral reaction was
determined to be =2 units for the itching score and =2 units
for the redness score in two of the three vessel beds (conjunc-
tival, episcleral, ciliary). Subjects progressed to future visits
only ifa positive bilateral CAC reaction was noted for at least
two of the three time points during visit 2. Female subjects
were required to have a negative urine pregnancy test and an
approved form of birth control during the study. Fifty-eight
subjects =10 years of age with a reproducible, positive reac-
tion to a CAC were randomized — 29 patients received 0.25%
alcaftadine and 29 patients received the placebo vehicle. The
study consisted of four visits ~5 weeks.?

The primary endpoints of the study were ocular itching
at 3 minutes, 5 minutes, and 7 minutes and conjunctival
redness at 7 minutes, 15 minutes, and 20 minutes following
allergen challenge. Subjects were asked to provide a numeri-
cal rating regarding itching at each time point on a scale of
0—4, with half increments allowed. A score of 0 indicated
no itching, whereas 4 indicated “an incapacitating itch with
an irresistible urge to rub.” An investigator scored conjunc-
tival redness via slit lamp examination. Again, a scale of
0—4 with half increments was utilized where 0= none and
4= extremely severe described as “large, numerous, dilated
blood vessels characterized by unusually severe deep red
color, regardless of grade of chemosis, which involves the
entire vessel bed.”?8¢!

The secondary endpoints were all other signs and symp-
toms of allergic conjunctivitis. Findings were assessed at
7 minutes, 15 minutes, and 20 minutes by the investigator at
visits 3 and 4. Secondary findings included ciliary and epis-
cleral redness, chemosis, lid swelling, tearing, ocular mucous
discharge, nasal symptoms (rhinorrhea, nasal congestion,
nasal pruritus, and ear or palate pruritus), and nasal symptom
composite scores. Most secondary signs or symptoms were
graded on a scale of 0—4 with the exception of lid swelling
(0-3 score), tearing (absent or present), and ocular mucous
discharge (absent or present).”®

Clinical efficacy was predefined as alcaftadine 0.25%
showing clinical superiority over the vehicle by at least
0.5 units on the 0—4 scale for all parameters and at least 1
unit advantage for at least two of three time points for ocular
itching and conjunctival redness.”’” A statistically significant
(P<<0.001), clinically relevant difference of >1 unit in mean
ocular itching score was measured in the alcaftadine group
when compared to the vehicle placebo group at all time
points following the CAC at 15 minutes and 16 hours. Mean
conjunctival redness was statistically significantly lower
(P<<0.05) in the alcaftadine group at 7 minutes, 15 minutes,
and 20 minutes post-CAC. However, the change was not
considered to be clinically significant as outlined in the
predefined criteria as set forth by the FDA. Secondary end-
points data demonstrated statistically significant differences
in the alcaftadine group compared to the vehicle in measured
scores of mean ciliary redness (also clinically significant at
7 minutes post-CAC), episcleral redness, chemosis, lid swell-
ing, tearing, rhinorrhea, and nasal congestion.?

Alcaftadine 0.25% exhibited a rapid onset and a pro-
longed duration of action throughout this study. Interestingly,
the longest duration of time was measured at 16 hours, and
the therapeutic effect had not diminished in that time frame,
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thereby suggesting that alcaftadine 0.25% may have a longer
duration of action than evaluated. The treatment group dem-
onstrated clinically significant improvement in ocular itching
at every time frame. Statistical improvement but not clinically
significant improvement was noted with conjunctival redness
when comparing the treatment group to the placebo group.
Secondary ocular and nasal symptoms were also relieved
in the alcaftadine group. Alcaftadine 0.25% was also safely
administered to patients in the study. Adverse effects were
reported higher among the vehicle placebo group than the
alcaftadine-treated group.?®

Clinical studies: alcafatadine 0.05%, 0.1%, and 0.25%;
olopatadine 0.1%; and placebo
Greiner et al conducted a prospective, single-center, double-
masked, randomized, active-, and placebo-controlled CAC
study.’? Four visits over 5 weeks utilizing the CAC model
comprised the intent-to-treat analysis. The efficacy of three
alcaftadine concentrations (0.05%, 0.1%, 0.25%) was com-
pared with a vehicle placebo and olopatadine hydrochloride
ophthalmic solution 0.1% active control in order to determine
relief of signs and symptoms of allergic conjunctivitis. Sub-
ject inclusion criteria were 18 years of age or older, history
of ocular allergies and/or a positive skin test reaction to
specified allergens within the past 24 months, best-corrected
visual acuity 0.6 logMAR or better in each eye using an
Early Treatment of Diabetic Retinopathy Study chart, and
no contact lenses worn for at least 3 days prior to and dur-
ing the study. Female participants were required to have a
negative pregnancy test at the entrance and exit visit. The
same criteria used to determine a positive bilateral reaction
in the Torkildsen and Shedden study was utilized.? Subjects
progressed to future visits only if a positive bilateral CAC
reaction was observed in at least two of the three time points.
Reproducibility of titrated results at visit 2 was imperative
to continue as a subject in the study. One hundred seventy
subjects were equally randomized into five groups: placebo,
alcaftadine 0.05%, 0.1%, or 0.25%, or the active control
(olopatadine hydrochloride 0.1%). One hundred sixty-four
subjects completed the study.*

Duration of action was assessed at visit 3 by performing
a CAC 16 hours after instillation of medication. Onset of
action was evaluated at visit 4 whereby a CAC was performed
15 minutes after medication administration.> The primary
and secondary endpoints as well as the grading criteria were
identical to those of the Torkildsen and Shedden study.?®>?

Clinical efficacy for onset of action was predefined
as =1 unit difference and statistically significant with a

P-value <0.001 in assessing the prevention of itching. All
active treatment groups, three alcaftadine concentrations and
olopatadine 0.1%, were clinically and statistically superior to
the vehicle placebo at all time points. Conjunctival redness
scores achieved statistical significance for all active treatment
groups at every postchallenge time point. Each concentration
of alcaftadine and olopatadine was statistically significant in
preventing redness at the 7-minute assessment after the first
allergy challenge. Furthermore, alcaftadine 0.25% and olopa-
tadine 0.1% achieved statistical significance at the 15-minute
and 20-minute assessment post-CAC. Clinical significance
(=1 unit difference) for reducing conjunctival redness was
reached when comparing the mean scores for alcaftadine
0.25% and olopatadine 0.1% to those of the vehicle placebo
at the 7-minute time frame.>

Duration of action assessment at 16 hours indicated that
all three alcaftadine concentrations produced lower mean
ocular itching scores when compared to olopatadine 0.1%
and the vehicle placebo. All active treatment groups had
clinically and statistically significant scores than placebo at
almost all time points except for olopatadine at 7 minutes.
At 7-minute post-CAC, the difference in the prevention of
itching was statistically significant for alcaftadine 0.25%
versus olopatadine (P=0.017). A different P-value was uti-
lized when comparing a particular dose level if both primary
endpoints were significant at the alpha (two-sided) 1.7%
(P=0.017) level. Mean conjunctival redness scores were
also lower for all active treatment groups compared with
placebo at CAC 16 hours after instillation of medication.
Alcaftadine 0.25% and olopatadine 0.1% had statistically
significant lower scores at all postchallenge time intervals.
Only alcaftadine 0.25% showed clinically significant lower
scores when compared to the placebo (=1 unit difference)
at 7-minute and 15-minute post-CAC.>

Alcaftadine 0.25% and olopatadine 0.1% demonstrated
statistically significant lower mean scores in each secondary
endpoint category when compared to the placebo. Statisti-
cal comparisons for secondary endpoints were made at the
alpha (two-sided) 5% (P=0.05) level. Alcaftadine 0.25% also
consistently demonstrated lower or equal mean scores when
compared to olopatadine 0.1%.%

The study data exhibited alcaftadine 0.25% ophthalmic
solution performed most effectively in preventing both the
signs and symptoms of allergic conjunctivitis than the other
alcaftadine concentrations tested. Alcaftadine 0.25% was
effective in reducing conjunctival redness at the onset (CAC
at 15 minutes) and prolonged duration of action (16 hours
after medication instillation), suggesting a once-daily dosing
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regimen. It is of note that olopatadine 0.2% would have been
an optimal active control due to its once-daily dosing but it
was not available when the study was conducted. Also, the
alcaftadine 0.25% and vehicle placebo formulations utilized
in this study were not the final formulations currently used
in the commercial product.™

Clinical studies: alcafatadine 0.25%, olopatadine 0.2%,
and placebo
Ackerman et al later conducted a study evaluating the efficacy
and duration of action of once-daily dosing with alcaftadine
0.25% and olopatadine 0.2% as compared with a placebo in
the prevention of ocular itching. Additionally, the efficacy of
alcaftadine 0.25% was directly compared to olopatadine 0.2%
in the prevention of ocular itching associated with allergic
conjunctivitis utilizing the aforementioned CAC model.®
A multicenter, double-masked, randomized, active-, placebo-
controlled clinical trial was conducted ~5 weeks. Inclusion
criteria were similar to the Torkildsen and Shedden study.?
Subjects also agreed to avoid disallowed medications and
contact lens wear during the study period. Females who were
pregnant, planning a pregnancy, lactating, or not using a
medically accepted form of birth control were excluded from
the study due to the category C labeling of olopatadine 0.2%
utilized in one treatment arm. Participants were =10 years
of age. One hundred twenty-seven subjects were equally
randomized into one of the three groups: alcaftadine 0.25%
ophthalmic solution, olopatadine 0.2% ophthalmic solution,
or placebo with 115 subjects completing the study.®

Mean ocular itching was the single primary endpoint
in this study. Secondary endpoints — conjunctival redness,
chemosis, lid swelling, and tearing — were also measured.
An allergen challenge was performed during visit 1 in which
subjects received bilateral ocular instillation of antigen fol-
lowed by subject-reported itch 10 minutes after administra-
tion. The same scoring criteria utilized by Torkildsen and
Shedden, and described above, were employed in this study.?®
Allergen concentrations were then titrated until the subjects
reported =2 and conjunctival redness was graded by inves-
tigators at =2. An allergen challenge was performed at visit
2 for baseline data and subjects scored their ocular itching at
3 minutes, 5 minutes, and 7 minutes. Secondary endpoints
were assessed at 7 minutes, 15 minutes, and 20 minutes after
allergen instillation. Subjects who met the screening criteria
of =2 for both ocular itching and conjunctival redness con-
tinued on to the third visit. Subjects were randomized at visit
3a and received one drop bilaterally of masked treatment.
Visit 3b consisted of an allergen challenge 16 hours after the

drop administration. Ocular itching was subjectively graded
at 3 minutes, 5 minutes, and 7 minutes after the allergen was
introduced. Secondary endpoints were assessed at 7 minutes,
15 minutes, and 20 minutes. Investigators evaluated conjunc-
tival, ciliary, and episcleral redness in addition to chemosis,
whereas subjects reported lid swelling and tearing scores.
Visit 4a occurred 14 days (£3 days) later, and masked drops
were again instilled. Subjects were then challenged again at
24 hours to determine primary and secondary endpoints as
previously listed.®

Predefined parameters for primary efficacy data (ocular
itching) included the number of subjects in each treatment
group with no itch (score =0) and minimal itch (score <1).
Pairwise treatment comparison was performed by Fisher’s
exact test consisting of alcaftadine 0.25% versus placebo,
alcaftadine 0.25% versus olopatadine 0.2%, and olopa-
tadine 0.2% versus placebo. Mean ocular itching (primary
endpoint) at 3 minutes, 5 minutes, and 7 minutes after CAC
at 16 hours and 24 hours was statistically superior at both
time frames when comparing the active treatments versus the
placebo. Alcaftadine 0.25% achieved lower itch scores at all
time points when compared to olopatadine 0.2%. Statistical
significance was attained 3 minutes after the 16-hour CAC
(P=0.026) in comparing the active medications. At the same
time point, a higher percentage of patients in the alcaftadine
group (78%) reported minimal itch as opposed to the olo-
patadine 0.2% group (46%). At 3 minutes after the 24-hour
CAC, 71% of alcaftadine 0.25% subjects reported minimal
itch, whereas 47% of olopatadine 0.2% subjects reported the
same findings (P=0.061). Zero itch score was also assessed
with a greater number of subjects in the alcaftadine 0.25%
group reporting zero itch at 3 minutes and a greater number
in the olopatadine 0.2% arm had zero itch at 7 minutes after
the allergen challenge. Both active medications achieved
statistical significance when compared to placebo when
assessing secondary endpoints. Alcaftadine 0.25% and olo-
patadine 0.2% performed superior to the placebo in each of
the vascular beds at some time points; however, no significant
difference was determined between the active medications.
Both active treatments provided statistical significance in
reducing lid swelling and tearing at 16 hours and 24 hours
compared with placebo. Also, chemosis was less at 16-hour
post-CAC with alcaftadine 0.25% and olopatadine 0.2%
against placebo but only alcaftadine 0.25% demonstrated
statistical significance at every time point at 24 hours.®

This study was designed to assess duration of action at
24 hours as a previous study evaluated duration at 16 hours
with results suggesting a longer duration than the time
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frame allowed.”® Additionally, it allowed for direct com-
parison of both once-daily antiallergic ocular formulations.
While both medications were successful in preventing ocular
itching at the 16-hour CAC, alcaftadine 0.25% efficacy was
most apparent in the itch scores where a greater number of
scores were =1.5, whereas the scores for olopatadine were
evenly distributed between 0 and 2. The findings in this
study further support the quick onset and long duration of
alcaftadine 0.25% in the prevention of signs and symptoms
associated with allergic conjunctivitis.®

McLaurin et al® utilized the same study design as
Ackerman et al®? with 157 subjects completing the second
study. Data collected from both multicenter studies were then
pooled. Findings in the second study mirrored the comparison
outcomes of alcaftadine 0.25% versus olopatadine 0.2% at
the 16-hour allergen challenge and in mean itch scores at all
time points demonstrating repeatable results.

Olopatadine 0.7% was newly released on the market, but
at this time, it has only been compared to olopatadine 0.1%
and 0.2%.% However, we feel in the short future, a study
comparing the onset of action and, more importantly, dura-
tion of action of olopatadine 0.7% and alcaftadine 0.25%
will be conducted.

Dosage, administration, and adverse

effects

Alcaftadine has an onset of action within 15 minutes and
therapeutic effect that lasts up to 24 hours.>* It is available in
0.25% from Allergan, Inc. (Irvine, CA, USA) and is formu-
lated as a sterile ophthalmic solution containing 2.5 mg/mL
alcaftadine and preserved with 0.005% benzalkonium chlo-
ride. It has a pH ~7 and an osmolality ~290 mOsm/kg.>’
Alcaftadine is dosed once per day in each eye for the preven-
tion of itching associated with allergic conjunctivitis in indi-
viduals beginning at 2 years of age. Due to its preservative,
soft contact lens wear is not recommended while instilling the

drop. Reinsertion of contact lenses is suggested 10 minutes
after drop administration. Alcaftadine is a well-tolerated
antiallergy medication that is dosed once a day. It has a
pregnancy category B rating in the USA and is approved for
patients aged =2 years. Adverse effects were reported in 4%
of patients, including ocular symptoms, such as irritation,
pruritus, hyperemia, and burning sensation upon instillation.?
Table 1 compares the antiallergic ocular medications cur-
rently available in the United States.

Conclusion

Ocular allergic reactions are dependent on the allergen load
on the ocular surface, the stability of the mast cells, and the
integrity of the conjunctival epithelial cells.?® Most allergens
can secrete proteolytic enzymes that enhance disruption of
the epithelial barrier function via degradation of tight junc-
tion proteins, which in turn facilitates the access of allergens
to the conjunctival stroma.!®?® Moreover, eosinophils could
be recruited to the conjunctiva of patients with allergic
conjunctivitis via H4 receptor interaction. The eosinophils
that are recruited degranulate to release mediators that desta-
bilize the barrier function of the conjunctival epithelium.'
However, preclinical studies have shown that alcaftadine can
inhibit eosinophil recruitment and allergen-induced degrada-
tion of tight junction proteins as well as promote stability of
the tight junction proteins of the conjunctival epithelium.?®62
The ability of alcaftadine to inhibit the influx of eosinophils
could possibly explain why alcaftadine prevents disruption
of the tight junction proteins.'® Activation of Hl and H2
receptors result in itching sensation, conjunctival injection,
upregulation of adhesion molecules, cytokine release, vasop-
ermeability, collagen synthesis, and proliferation of conjunc-
tival fibroblasts. H4 receptor activation is associated with the
release of cytokines and chemokines, upregulation of adhe-
sion molecules, and activation and recruitment of immune
cells.®® It is of note that the histamine released following mast

Table | Ocular multiple-action antiallergy medications for use in the treatment of allergic conjunctivitis

Medication, generic (brand) Solution strength (%) Volume (mL) Daily dosage Pregnancy category Status
Alcaftadine (Lastacaft) 0.25 3 | drop daily B Rx
Azelastine hydrochloride (Optivar) 0.05 6 | drop twice daily C Rx
Bepotastine besilate (Bepreve) 1.5 2.5,5,and 10 | drop twice daily C Rx
Epinastine hydrochloride (Elestat) 0.05 5 | drop twice daily C Rx
Ketotifen fumarate (Zaditor) 0.025 5 | drop twice daily C oTC
Ketotifen fumarate (Alaway) 0.025 10 | drop twice daily C oTC
Olopatadine hydrochloride (Patanol) 0.1 5 | drop twice daily C Rx
Olopatadine hydrochloride (Pataday) 0.2 2.5 | drop daily C Rx
Olopatadine hydrochloride (Pazeo) 0.7 2.5 | drop daily C Rx
Notes: All listed medications contain benzalkonium chloride as a preservative. Data from studies.>*%%358¢4

Abbreviations: OTC, over-the-counter; Rx, prescription.
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cell degranulation recruits and activates DCs that induce Th2-
lymphocyte-mediated conjunctival inflammation. However,
it has been demonstrated that alcaftadine has H4 receptor
inverse agonist activity, which in turn could inhibit H4
receptor-mediated Th2-lymphocyte-driven allergic response
on the conjunctiva.?*3>3¢ Because activation of Hl and H4
receptors are associated with Th2-lymphocyte-driven aller-
gen-induced inflammation of the conjunctiva, antiallergic
therapeutic agents with inverse agonist activity on H1 and
H4 receptors could provide therapeutic benefits to patients
with allergic conjunctivitis.*>** Additionally, reducing the
activation and migration of allergen-bearing DCs to regional
lymph nodes via H4 receptor inverse agonism is associated
with dampening of Th2-dependent conjunctival inflammation
and pruritus.®® Alcaftadine with its inverses agonist effect
on H1, H2, and H4 receptors is effective at preventing his-
tamine from binding to its receptors on vascular endothelial
cells, conjunctival nerve fibers, conjunctival goblet cells,
eosinophils, DCs, mast cells, and conjunctival epithelium.?
Alcaftadine is an ideal antihistamine with higher H1 recep-
tor inverse agonist activity with little or no antimuscarinic
activity. The antihistaminic effect of alcaftadine like most
ocular antihistamines is dependent on the binding affinity for
the respective histamine receptor, the duration of the binding
of alcaftadine to the histamine receptor, and the speed of the
alcaftadine—histamine receptor interaction.>® As such, alcaf-
tadine is an efficacious multiple action antiallergy agent that
has inverse histamine receptor agonist, anti-inflammatory,
and mast cell stability effects.’
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