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Allergic eye disease or ocular allergy is a debilitating condition with a significant impact on
quality of life and productivity. As atopy continues to be on the rise, primary care providers
are likely to encounter increasing numbers of patients with allergic eye disease. This review
outlines the classification and pathophysiology of allergic eye disease and its clinical presen-
tation. This paper does not detail traditional first-line therapies of allergic eye disease but
describes the interdisciplinary management between the eye-care provider and allergist. It
is recommended that patients with ongoing signs and symptoms of ocular allergy despite
first-line therapies be referred for allergen immunotherapy, as it is highly effective for treat-
ment of allergic eye disease. Through induction of immune tolerance, allergen immunother-
apy is a disease-modifying therapy that can result in long-term improvement of ocular
allergy. A thorough literature review was conducted on the efficacy and safety of allergen
immunotherapy, including subcutaneous immunotherapy and sublingual immunotherapy,

and its role in allergic eye disease.
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Allergic eye disease represents one of the
most common ocular conditions encoun-
tered by primary care providers, particularly
as the global prevalence of atopy continues
to increase.” Allergic eye disease has a pro-
found negative impact on patient quality of
life> and contributes to the national eco-
nomic burden together with its associated
atopic co-morbidities.® These co-morbidities
include allergic rhinitis, atopic dermatitis,
asthma, food allergy, and eosinophilic
oesophagitis.*>

The terms ‘allergic eye disease’ and ‘ocular
allergy’ encompass a group of immune-
mediated, inflammatory ocular surface dis-
orders that affect the eyelid and conjunctiva.
These include hypersensitivity conditions
such as seasonal allergic conjunctivitis,
perennial allergic conjunctivitis, vernal kera-
toconjunctivitis, and atopic keratoconjuncti-
vitis.® Additional conditions that result in
very similar signs and symptoms of ocular
allergic inflammation include giant papillary
conjunctivitis, also known as contact lens
papillary  conjunctivitis, and  contact
blepharoconjunctivitis, which were tradition-
ally considered within the group of allergic
eye diseases, but have since been discov-
ered to be secondary to non-immune tissue
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damage due to repetitive micro-trauma,
usually in chronic contact lens wearers.”

Allergic conjunctivitis affects 10-20 per
cent of patients globally,® with a reported
prevalence of 40 per cent in the USA,° with
likely similar representations in other devel-
oped nations with high incidence of atopic
disease.

Symptoms of allergic eye disease can
become severely debilitating, and include pru-
ritus, tearing, redness, foreign body sensation,
discharge, and swelling.® Despite the associ-
ated morbidity, up to one-third of patients are
undiagnosed and undertreated,’" and often
self-medicate with topical saline or with
over-the-counter medications. Some of
these drugs have limited efficacy, and their
overuse can lead to undesirable side
effects.’® Primary care providers therefore
face a diagnostic and management chal-
lenge, as patients often delay professional
assessment.

The aim of treatment in allergic eye dis-
ease is to minimise the immune-mediated
inflammatory cascade associated with the
allergic response, to relieve symptoms, and
to prevent complications of chronic inflam-
mation. Initial therapies are empiric, and
include allergen avoidance, intranasal

corticosteroids, oral and topical second-
generation  antihistamines,  leukotriene
receptor antagonists, topical vasoconstric-
tors and mast cell stabilisers. Allergic eye
disease refractory to these measures can be
referred for topical corticosteroids and topi-
cal immunomodulator therapies, although
the former are associated with ocular
adverse effects and therefore appropriate
for short courses only.'® Allergen immuno-
therapy is well-established as the only
disease-modifying treatment available that
may provide long-term benefit in the control
of moderate-severe allergic eye disease that
is refractory to initial therapies.'

This paper summarises the pertinent fea-
tures of allergic eye disease and the role of
interprofessional collaboration between eye-
care providers and immunologists/allergists
for patients with persistent signs and symp-
toms of allergic eye disease. Traditional first-
line therapies for allergic eye disease are not
detailed, but particular attention is focused
on the role of allergen immunotherapy, the
types of immunotherapy available, the appro-
priate prescription of immunotherapy, and
expected outcomes of immunotherapy in the
management of the patient with ocular
allergy.
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Immunopathology of allergic eye
disease and the role of allergens

Over the last decade, there has been signifi-
cant progress in understanding the immu-
nopathogenesis of allergic eye disease,
leading to progressively more targeted ther-
apies. The ocular surface of the human eye
is immunologically active, unlike the internal
structure, which has immune privilege. The
ocular surface consists of the conjunctiva
and cornea, together with elements such as
the lacrimal gland, lacrimal drainage appa-
ratus, and associated eyelid structures.
Given that this ocular surface is constantly
in contact with the environment, allergic eye
disease involves anterior ocular surface
inflammation, mediated primarily by envi-
ronmental allergens that stimulate specific
immunoglobulin E (IgE)-mediated mast cell
activation, degranulation, and subsequent
release of inflammatory mediators.’> How-
ever, allergic conjunctivitis (seasonal and

perennial) is the only ocular disease to
involve solely immediate type | hypersensi-
tivity, while vernal and atopic keratoconjunc-
tivitis have a more complex immunological
mechanism with a chronic inflammatory
component'®'®'7 (Figure 1).

Immunopathogenesis of
seasonal and perennial allergic
conjunctivitis

Experimental allergic conjunctival models and
clinical research studies have shown that
T-helper type 2-related mechanisms are
involved in the sensitisation phase of ocular
allergy, and that both T-helper type 1 and type
2 cytokines are overexpressed in active dis-
ease, resulting in ocular inflammation.'”"°
Sensitisation occurs when very small (pico-
grams) quantities of environmental allergens
(including pollen, dust mite faecal particles,
and animal dander) reach the conjunctival
mucosa. These particles are then processed
by antigen-presenting cells (Figure 1). The anti-
gens are carried by antigen-presenting cells to
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Figure 1. Pathogenesis of allergic eye disease. Adapted from Bonini et al.'*¢
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native lymphocytes that express antigen-
specific receptors and recognise the antigenic
peptides. In these sensitised patients, T-helper
2 cells release pro-inflammatory cytokines
(interleukins 3, 4, 5, 13) that stimulate IgE pro-
duction by B lymphocytes.

Subsequent exposure to environmental
allergens in these sensitised patients causes
cross-linking of IgE bound to the membrane
of mast cells, with subsequent degranulation
of mast cells, with release of histamine,
tryptase, prostaglandins, and leukotrienes.
These mediators trigger the clinical manifes-
tations of the acute (or early) phase of the
disease, with symptoms including pruritus,
tearing, redness (hyperaemia due to conjunc-
tival vasodilatation), conjunctival injection,
chemosis, periocular swelling, and a papillary
reaction (Figure 1). Mast cell degranulation
also activates vascular endothelial cells, caus-
ing an upregulation of expression of chemo-
kine and adhesion molecules, resulting in
recruitment of activated inflammatory cells
into the conjunctiva. The early phase begins
within seconds to minutes after exposure
and clinically persists for up to 30 minutes.

This is followed by the late-phase reac-
tion, which occurs hours after allergen expo-
sure. Mast cell degranulation also induces
activation of vascular endothelial cells, with
release of chemokines and adhesion mole-
cules that increase recruitment of inflamma-
tory cells in the conjunctival mucosa. This is
characterised by the recurrence or prolon-
gation of symptoms due to infiltration of
eosinophils, neutrophils, and T lymphocytes
into the mucosa (Figure 1). This late phase
reaction also leads to the processes respon-
sible for chronic severe allergic eye disease,
including vernal and atopic keratoconjuncti-
vitis, with increased risk of corneal damage
and visual impairment.’?

Immunopathogenesis of vernal

and atopic keratoconjunctivitis

Specific allergen sensitisation is not found in
all patients with vernal and atopic kerato-
conjunctivitis, suggesting that type IV hyper-
sensitivity, in addition to the typical
immediate type | hypersensitivity, contrib-
utes to the pathogenesis of conjunctival
inflammation.?® In these patients, there is
increased T-helper-2 prevalence, IgE produc-
tion, and persistent mast cell and eosino-
philic function, leading to remodelling of the
ocular surface environment, corneal opacity,
and visual impairment.2?? In vernal kerato-
conjunctivitis, eosinophils are markedly
increased in the substantia propria of the
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conjunctiva, and infiltrate the conjunctival
epithelium, releasing cytotoxic enzymes that
increase tear fluid production and exacer-
bate corneal damage.?

Clinical overview of allergic eye
disease

Allergic conjunctivitis
Seasonal and perennial allergic conjunctivitis
are the most common forms of allergic eye
disease, affecting at least 15-20 per cent of
the global population,® and representing
25-50 per cent of all cases of ocular allergy.?°
Allergic conjunctivitis is associated with child-
hood atopic conditions, including atopic der-
matitis, food allergy, and allergic rhinitis.
Their hallmark feature is the presence of spe-
cific IgE antibodies to a seasonal or perennial
allergen, and this can be documented in
almost all cases of allergic conjunctivitis. Signs
and symptoms of the two conditions are the
same, but the difference is the specific aller-
gens to which the patient is sensitised.
Seasonal allergic conjunctivitis is associated
with hypersensitivity to aeroallergens such as
tree pollen, weed pollen, and grasses, and
hence seasonal allergic conjunctivitis symptoms
are most severe in the spring and summer,
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when the pollen count is high. In contrast, the
allergens that trigger perennial allergic conjunc-
tivitis are often indoor antigens, including dust
mites, animal dander, and moulds. Patients
with perennial allergic conjunctivitis have more
persistent, low-grade symptoms that do not fol-
low a seasonal pattern.?®

Seasonal and perennial allergic conjuncti-
vitis is bilateral, with involvement of the eye-
lids and conjunctiva. The predominant
symptom is itch, followed by burning sensa-
tion, tearing, chemosis (Figure 2A), conjuncti-
val injection, and photophobia. Burning
sensation may also reflect dry eye syndrome,
with allergic conjunctivitis and dry eye syn-
drome sharing several similar characteris-
tics.?® Fine papillary reaction of the superior
tarsal conjunctiva may be seen in perennial
allergic conjunctivitis (Figure 2B), and dry eye
syndromes may exacerbate the condition.
Corneal involvement is rare in both seasonal
and perennial allergic conjunctivitis.?’

Vernal keratoconjunctivitis

Vernal keratoconjunctivitis represents 0.5 per
cent of allergic eye disease, affects mainly
children and young adolescents, has a male
predominance, and occurs more commonly
in warm climates.?®2° Vernal keratoconjuncti-
vitis is characterised by the presence of

corneal epithelial stromal lesions, as well as
conjunctival proliferative changes, with giant
papillae in the upper conjunctiva, giving it a
cobblestone appearance on the surface of
the everted eyelid (Figure 2C). Additionally,
patients can develop gelatinous eosinophilic
and neutrophilic mounds (Trantas dots)
(Figure 2D-E). These changes cause intense
itch, tearing, mucous discharge, ocular pain
due to corneal involvement, severe photo-
phobia, and intense foreign body sensation
due to the irregularity of the conjunctival sur-
face and copious mucous production.'® The
massive eosinophilic infiltration and activa-
tion in the conjunctiva is responsible for cor-
neal complications. Chronic eye rubbing
contributes to keratoconus and other corneal
ectasias, and corneal ulcers may form in
severe cases.® If left untreated, corneal
involvement causes permanent scarring and
visual impairment.

Atopic keratoconjunctivitis

Atopic keratoconjunctivitis is severe, chronic,
bilateral inflammation of the ocular surface.
It is more common in adulthood, and up to
95 per cent of patients have a personal or
family history of allergic disease. Atopic der-
matitis is the most common associated
condition,®' and atopic keratoconjunctivitis is

Figure 2. Signs of allergic conjunctivitis. A: Allergic conjunctivitis with mild conjunctival injection and moderate chemosis. B: Fine
papillary reaction of superior tarsal conjunctiva in perennial allergic conjunctivitis. C: Giant papillae of the superior palpebral con-
junctiva in vernal keratoconjunctivitis. D: Trantas dots of vernal keratoconjunctivitis. E: Trantas dots of limbal vernal keratocon-
junctivitis. F: Eyelid eczema in atopic keratoconjunctivitis. Adapted from La Rosa et al.”® and Miraldi Utz et al.?°
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considered the ‘ocular counterpart’ of atopic
dermatitis. The eyelids have an eczematous
appearance (Figure 2F), and madarosis or
loss of eyelashes is often present. Other ocu-
lar findings include chemosis of the eyelid
skin, with fine sandpaper-like texture, con-
junctival injection, and conjunctival scarring.32
Similar to vernal keratoconjunctivitis, small
Trantas dots and papillae may be present.
Patients may also develop atopic cataracts
and may require cataract surgery at a young
age.”® Corneal complications are common,
and risk of vision-threatening herpetic kerati-
tis also increases.®® As seen in allergic con-
junctivitis, many patients with atopic
keratoconjunctivitis also test positive to aer-
oallergen sensitivity.

Differential diagnoses

Giant papillary conjunctivitis or contact lens
papillary conjunctivitis is an inflammatory
eye disease that is typically caused by
mechanical trauma from irritative stimuli,
such as contact lenses or ocular prosthesis.
An allergic component may be involved
when protein deposits on the contact lenses
or prostheses, which can either create a
type | or type IV hypersensitivity response,
either serving as allergens or haptens,
respectively.®®

Contact blepharoconjunctivitis or allergic
contact dermatitis of the eye is a type IV
hypersensitivity reaction which occurs sec-
ondary to re-exposure to cosmetics,
chemicals, antimicrobials, plants and certain
ophthalmic medications (including atropine
and tropicamide).?® Treatment involves
withdrawing the allergen and avoiding sub-
sequent contact.

Given that these conditions lack specific
allergen sensitisation, allergen immunother-
apy is not indicated or beneficial. However,
giant papillary conjunctivitis and contact
belpharoconjunctivitis remain important dif-
ferential diagnoses in the assessment of a
patient with allergic eye disease.

Diagnosis of allergic eye disease

Despite its significant negative impact on
patient quality of life, allergic eye disease
continues to be underdiagnosed and under-
treated due to a combination of factors.
These include patient self-diagnosis and self-
treatment with over-the-counter medica-
tions, with delayed presentation to the pri-
mary care physician or eye-care provider.
Early diagnosis and appropriate treatment
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commencement are essential to reduce the
frequency of relapses and to avoid poten-
tially sight-threatening complications. Table 1
summarises the signs and symptoms for the
different types of allergic eye disease.

History and clinical presentation
A thorough patient history is the first crucial
step in the diagnosis of allergic eye disease,
particularly due to the ‘red eye’ being a com-
mon presentation for primary care pro-
viders. The hallmark of ocular allergy is
itching, redness, and watering of the eyes.
Less common symptoms of ocular allergy
include burning, photophobia, blurry vision,
and pain. The history also covers whether
there is unilateral or bilateral eye involve-
ment, the age of onset and duration of
symptoms, season of onset, exacerbation or
relieving factors, previous episodes, trial of
any therapies, and the duration of that ther-
apy. History of atopic co-morbidities or
known allergies, systemic illnesses, environ-
mental or occupational exposures (such as
pets, moulds, pollen, or smoke), recent relo-
cations, use of contact lenses, or previous
ocular surgery are identified.® Finally, the
functional impact of symptoms on patient
quality of life are noted, and can be
assessed via quality of life questionnaires.
Symptom severity can be assessed via ocu-
lar severity scores and concomitant
medication use.

A history of bilateral red, watery, itchy
eyes recurring in the spring and summer is
highly suspicious for allergic eye disease.
Nasal symptoms are often present. Conjunc-
tival symptoms are present in 30-70 per
cent of patients with allergic rhinitis.3*
Atopic keratoconjunctivitis is present in up
to 40 per cent of patients with atopic der-
matitis, and 40-75 per cent of vernal kerato-
conjunctivitis patients suffer from other
atopic conditions.® In children, a diagnosis
of attention deficit hyperactivity disorder is
associated with a higher likelihood of suffer-
ing from allergic conjunctivitis.3®> Ocular pain
and visual loss are very unusual in simple
allergic conjunctivitis and suggest the more
severe vernal or atopic keratoconjunctivitis.
The use of eyedrops, eye cosmetics, and
contact lenses may increase suspicion of
giant  papillary  conjunctivitis, contact
blepharoconjunctivitis, or infection.

Physical examination

Physical examination for the primary care
provider includes observation of the eye for
hyperaemia or chemosis which may be

marked in the lower eyelid due to gravity®®
(Figure 2A). When severe, the conjunctiva
may appear gelatinous and thickened.
Watery or mucinous discharge may be visi-
ble, and stringy mucus threads can indicate
chronic conjunctivitis. Eczema-like dermatitis
may be present on the eyelids, particularly
in cases of atopic keratoconjunctivitis
(Figure 2F). Eversion of the upper and lower
eyelids is performed for any foreign bodies
or specific signs, including superior tarsal
conjunctival giant papillae and Trantas dots
(Figure 2C-E).

Visual acuity measurement via Snellen
chart, pupil examination for any afferent
pupillary defect or asymmetry, and exami-
nation of extraocular eye movements is usu-
ally performed. The opacity of the cornea is
evaluated for severity assessment. Topical
fluorescein application and examination
with appropriate blue light can stain corneal
involvement and may be used in primary
care for the evaluation of any red eye asso-
ciated with pain, vision impairment, or pho-
tophobia.?®>  Finally, examination also
includes evaluation for co-morbid allergic
disease.

Multidisciplinary approach to
diagnosis and investigation
Eye-related presentations comprise two to
four per cent of primary care consulta-
tions.?” The role of the primary care pro-
vider is core and includes assessment of the
symptoms and signs via a thorough history
and physical examination, as well as com-
mencement of first-line therapy. A multi-
disciplinary approach with open
communication is recommended between
primary care physicians, eye-care providers,
and allergists for holistic care in patients
with ocular allergy. Referral to an allergist is
recommended for skin prick testing for
allergen identification (which is the generally
preferred method for testing for specific IgE
antibodies) and for potential allergen immu-
notherapy, particularly if symptoms remain
uncontrolled despite first-line therapies.

Supportive diagnostic tools and
investigations for allergic eye
disease

The diagnosis of ocular allergy is primarily
clinical, but certain tests can be useful in
supporting the diagnosis, including ocular
surface evaluation and tear sampling>®
which are beyond the scope of this paper.
Allergy testing is relevant for immunother-
apy for treatment of ocular allergy.
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CBC
Minimal.
+/—

Lid swelling.

GPC
Ptosis.
+/—

neovascularisation,
keratoconus,

Corneal ulceration,
Cataract.

AKC

Eyelid tightening.
Loss of lashes.
scarring,

4+

neovascularisation,

Corneal ulceration,
keratoconus.

VKC

Eyelid thickening.
Ptosis.

scarring, ulcer,
++

PAC
Minimal.
+/—

Minimal.

SAC
AKC: atopic keratoconjunctivitis, CBC: contact blepharoconjunctivitis, GPC: giant papillary conjunctivitis, Hx: history, M:F: male-to-female ratio, PAC: perennial allergic con-

junctivitis, SAC: seasonal allergic conjunctivitis, SPK: superficial punctate keratitis, VKC: vernal keratoconjunctivitis.

Visual impairment +/—

Complications
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Table 1. Continued

ALLERGY TESTING
Allergy testing can be helpful to confirm
allergic eye disease, but it is most useful in
identifying sensitisation to a specific aller-
gen, to subsequently allow allergen
minimisation and allergen immunotherapy.

Epicutaneous or skin prick tests are con-
sidered the gold standard first-line method
of identifying IgE-mediated sensitisation, as
they are efficient in both performance and
result, safe, and relatively cost-effective. Skin
prick tests should be performed as per cur-
rent guidelines, with a positive wheal-and-
flare reaction confirming specific allergen
sensitisation.®®

Serum-specific-IgE measurements to spe-
cific allergens should be considered if the
skin prick test result is unexpected (for
example, discordance with the medical his-
tory), as both specific IgE and skin prick tests
have different sensitivity and specificity dis-
tinct for each allergen.*°

Patients with allergic conjunctivitis may
have polysensitisation, with sensitisation to
two or more allergens, confirmed on allergy
testing. Once this is demonstrated, the rele-
vance of the allergen to the patient’s allergic
eye disease can be tested via the conjunctival
provocation test. This test involves applying
known quantities of a specific allergen to the
ocular surface and assessing the reproduction
of signs and symptoms of the allergic
response (itching, tearing, hyperaemia,
chemosis) at 15-30 minutes post-exposure.
This can also be used if the clinical history
suggests allergic eye disease, but the skin
prick test or specific IgE tests are negative or
inconclusive.”’

Management of allergic eye
disease

The aim of treatment in allergic eye disease
is to alleviate symptoms to improve quality
of life, reduce recurrence to slow down
chronic inflammation, and prevent compli-
cations. Management involves a stepwise
approach with non-pharmacological inter-
ventions such as allergen avoidance and/or
minimisation first. Pharmacological thera-
pies are then utilised, including lubricants,
topical and oral antihistamines, topical vaso-
constrictors, mast cell stabilisers, corticoste-
roids and immunomodulators. These
treatment options are reviewed thoroughly
in the medical literature,*>>" and the cur-
rent topical therapies are summarised in
Table 2.

Allergen immunotherapy

Allergic ocular symptoms represent an
important co-morbidity of allergic rhinitis.
Allergen-specific immunotherapy is an addi-
tional treatment option with established effi-
cacy in patients with inadequately
controlled allergic rhinoconjunctivitis. Immu-
notherapy is an effective, disease-modifying,
long-acting therapy for patients with identi-
fied allergen-specific IgE antibodies. It
involves regular allergen administration at
set intervals to modulate the immune
response and induce a clinical tolerance to
the specific allergen, thereby altering the
natural history of allergic rhinoconjunctivitis.
Immune tolerance achieved in successful
allergen immunotherapy involves a myriad
of cellular and molecular events that ulti-
mately inhibit both the early- and late phase
immune response to allergen exposure. The
effectiveness of immunotherapy is mea-
sured through control of symptoms and
reduction in concomitant medication use.

The general proposed mechanism of
action of allergen immunotherapy and induc-
tion of immune tolerance is shown in
Figure 3. Immunotherapy or desensitisation
leads to induction of regulatory T cells, which
release interleukin-10 and transforming
growth factor beta, which then cause early
suppression of mast cells, basophils, and
eosinophils, thereby reducing release of their
pro-inflammatory mediators following aer-
oallergen exposure. Interleukin-10 and trans-
forming growth factor beta also suppress T-
helper-2 cells, which are critically involved in
allergic diseases, and also suppress inflam-
matory dendritic cells, while inducing
tolerogenic dendritic cells. Finally, interleukin-
10 and transforming growth factor beta pro-
mote immunoglobulin class switching, by
promoting production of IgG4 and IgA, which
compete with Ige for allergen binding,
thereby limiting the IgE mediated activation
and degranulation of mast cells and baso-
phils that cause the allergic response.

The long-term effect of immunotherapy
includes overall reduced IgE-to-IgG4 ratio, as
well as a reduction in mast cell and eosino-
phil numbers, thereby resulting in reduction
of the mediators released during the allergic
response.>® Hence, immunotherapy induces
interleukin-10 secreting inducible Treg cells,
specific for the same allergic epitope.>® The
immunologic response to immunotherapy is
characterised by reduction in end-organ
response with decreased early and late
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Drug class
Lubricants

Second-generation
antihistamines

Mast cell stabilisers

Dual-acting agents
(antihistamine +
mast cell stabiliser)

Decongestants/
vasoconstrictors

Dual-acting agents
(antihistamine +
decongestants)

NSAIDs

Corticosteroids

Calcineurin
Inhibitors

Example agents

Artificial tears.
Hydroxypropyl
cellulose.

Carboxymethyl cellulose.

Emedatine.
Levocabastine.
Can be used
concomitantly

with oral antihistamines.

Cromolyn.
Lodoxamide.
Nedocromil.
Pemirolast.

Azelastine.
Epinastine.
Ketotifen.
Olopatadine.
Bepotastine.

Naphazoline.
Pheniramine.
Xylometazoline.
Brimonidine.

Antazoline-naphazoline.

Pheniramine-
naphazoline.
Znatazoline-tetryzoline.

Ketorolac.
Topical prostaglandin.

Prednisolone.
Dexamethasone.
Loteprednol.
Fluorometholone.
Rimexolone.

Cyclosporin A
(0.05% - 2%).

Tacrolimus (off-label use
for severe VKC and AKC
refractory to cyclosporin).

Indications

Irrigation of allergens
from ocular surface.
Relief of dryness.

Relief of pruritus.
Reduction in
symptoms.

Stabilise mast cell to
reduce degranulation.
Reduction in
symptoms.

Long-term prophylaxis
once symptoms
controlled.

Dual action in single
agent, clinically
superior than either
agent alone.
Immediate and
prophylactic action.

Vasoconstriction
reduces erythema,
chemosis an oedema.
Relief of episodic
pruritus.

Antihistamine
reduces pruritus.
Vasoconstrictor
relieves injection.

Reduces ocular
pruritus and redness.

Reduction in
inflammation, with
reduction in
symptoms.

Use in moderate-
severe cases.

Severe VKC and AKC
not responding to
above.

Steroid-sparing agent
to reduce dependence
on topical
corticosteroids.

Immunotherapy for allergic eye disease Trivedi and Katelaris

Adverse effects
Well tolerated.

Well tolerated.
Transient sting on
application with
prolonged use.
Bitter aftertaste.

Transient sting on
application.
4x/day dosing,
potential for poor
compliance. Well
tolerated
otherwise.

Bitter taste.
Transient sting.
Conjunctival
injection. Overall
well tolerated.

Tachyphylaxis.
Mydriasis.
Rebound
hyperaemia upon
cessation.

Ocular irritation.
Hypersensitivity.

As above.
Risk of overuse.

Burning common
on application.

Cataract.
Elevated
intraocular
pressure and
glaucoma.
Viral infection.

Transient sting.
Local erythema.
Conjunctival
hyperaemia.
Blurred vision.
Theoretical risk of
infection.

Comments

Insufficient as sole therapy.
Short duration of action.

Insufficient as sole therapy.
Short duration of action.
High doses can have anti-
cholinergic side effects.
Synergistic with intranasal
corticosteroids in allergic
rhinitis (naso-ocular reflex).

May not treat acute
symptomes.

Loading period of
application weeks prior to
antigen exposure.

Can take several weeks for
efficacy, slow onset of action.
Long-term usage.

2x/day dosing increases
compliance.
Considered first-line
therapy in allergic
conjunctivitis.
Preservative-free drops
preferred.

Rapid onset, short duration
of action.

Possible paradox effect. Use
for short duration only.
Avoid in patients with
hypertension and
cardiovascular disease.

Rapid onset.

More effective than
systemic antihistamines.
Limited duration of action.

Can cause ocular and
systemic side effects.

Effective anti-inflammatory
action but risk of toxicity.
Close monitoring required.
Potential for inappropriate
patient use. Contraindicated
in viral eye infections or
fungal keratitis. Short-term
use only. Initial pulse
therapy (3-4 drops per day
for 3-5 days) followed by
prolonged therapy with
gradual taper.

Steroid sparing agent. Eyes
to be kept closed to 2 mins
post instillation to increase
action and reduce systemic
absorption.

AKC: atopic keratoconjunctivitis, NSAIDs: non-steroidal anti-inflammatory drugs, VKC: vernal keratoconjunctivitis.

Table 2. Topical therapies for allergic eye disease. Adapted from Leonardi et al.,*’ Bielory et al.*® and Patel et al.>
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suppression of mast cells,

basophils, eosinophils and ILC2 early
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suppression of Th2 and other
allergen-specific effector T cells

Figure 3. Mechanism of action of allergen immunotherapy and induction of immune
tolerance. DC: dendritic cell, IL-10: interleukin-10, ILC2: innate lymphoid cell 2, ILC3:
innate lymphoid cell 3, itBreg; innate transitional regulatory B cell, TGF-B: trans-
forming growth factor beta, ThO: naive T cell, Th1: T-helper-1 cell, Th2: T-helper-2 cell,
Th17: T-helper-17 cell, Th22: T-helper-22 cell, Treg: regulator T cell. Adapted from

Globinska et al.>2

allergic responses of the skin, conjunctiva,
nasal mucosa, and bronchi to allergen
challenge.>*>>

As per the European Academy of Allergy and
Clinical Immunology guidelines, allergen immu-
notherapy is indicated in patients who meet the
following criteria: (a) those who have clinical
symptoms of allergic rhinoconjunctivitis, includ-
ing watery, red or itchy eyes, sneezing, nasal
congestion, or watery nasal discharge; (b) those
who have moderate-to-severe symptoms that
interfere with activities of daily living, refractory
to appropriate pharmacotherapy and avoid-
ance strategies; and (c) those who have recur-
rent clinical symptoms upon  specific
aeroallergen exposure, with evidence of
allergen-specific IgE sensitisation, either via skin
prick testing or serum-specific IgE testing, to
ensure the correct standardised allergen formu-
lation is used for the desensitisation process.'

Skin prick testing with standardised
extracts to aeroallergens is the preferred
diagnostic tool and has been shown to be
more sensitive than specific IgE testing,
although this depends on the potency of the
allergen being tested.®® Major guidelines
recommend that allergen immunotherapy
should be prescribed and monitored by
qualified allergists/immunologists following

Clinical and Experimental Optometry 2020
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identification of the relevant sensitising
allergen(s).'#557

There are two main forms of immunother-
apy that are currently available: subcutaneous
immunotherapy (SCIT) and sublingual immu-
notherapy (SLIT). SCIT involves administration
of small but increasing amounts of allergen
via subcutaneous injection and can include
either pre-seasonal or continuous therapy.
SLIT involves administration of allergens via
drops or tablets under the tongue on a daily
basis. A recent systematic review and meta-
analysis showed that both SCIT and SLIT are
effective for allergic rhinoconjunctivitis, with
both therapies resulting in a reduction in
symptoms and use of concomitant
pharmacotherapy.®

Subcutaneous immunotherapy
SCIT has traditionally been the gold stan-
dard administration route for allergen
immunotherapy. It appears that the regula-
tory T cell response occurs very early in the
early course of SCIT;>° however, the clearest
demonstration of immune deviation was in
patients who had received high-dose SCIT
for three to five years.

There is extensive experience with SCIT,
although trials did not initially report on

ocular symptoms. In the last two decades,
multiple systematic reviews and meta-
analyses of randomised controlled trials
have confirmed significant reductions in
conjunctival symptoms in patients with sea-
sonal allergic rhinoconjunctivitis due to
grasses and pollens, and perennial allergic
rhinoconjunctivitis due to house dust mites
and animal dander.®%®" There is strong evi-
dence that SCIT to grass mix, timothy grass,
cat, Parietaria and Alternaria, improves
symptoms of conjunctivitis.®®62-%> These tri-
als confirm the improvement in allergic
rhinoconjunctivitis symptoms, quality of life,
and concomitant medication score with SCIT
over placebo.®®

All common allergens are standardised and
available for continuous therapy, and three of
these allergens (trees, ragweed, grass) are also
available as pre-seasonal injections. Pre-
seasonal SCIT is effective for pollen allergy. A
trial comparing pre-seasonal SCIT with peren-
nial SCIT found that both groups had signifi-
cant reduction in ocular symptoms compared
to baseline, but there was no statistically sig-
nificant difference between the pre-seasonal
and continuous arms, although total allergic
rhinoconjunctivitis symptoms and concomi-
tant medication score were lower in the con-
tinuous SCIT group.®”

AVAILABILITIES AND ADMINISTRATION
Traditional immunotherapy with native,
unmodified allergen extracts is successful,
but has several limitations that cannot be
controlled in the manufacturing process.
These include increased risk of adverse sys-
temic reactions, higher production costs, and
limitations in the availability, consistency, and
potency of the individual allergen mole-
cules.®® Advances in allergen immunotherapy
production have allowed the development of
chemically modified, depigmented poly-
merised extracts, known as allergoids, which
can overcome the traditional drawbacks of
SCIT. Allergoids provide safer, more consis-
tent, readily available and effective extracts
that increase immunogenicity while reducing
risk of adverse reactions compared to native
extracts, thereby allowing higher dosing with
shorter courses and greater safety.®'4970
There have been several double-blind
placebo-controlled trials conducted with
allergoid immunotherapy, which all support
their efficacy in SCIT.”"7®

DOSING

The build-up phase involves receiving SCIT
injections with increasing amounts of
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allergen. This usually requires weekly up-
dosing regimens, followed by four to six
weekly maintenance injections for three to
five years.”® Clinical improvement can be
demonstrated very shortly after the patient
reaches a maintenance dose,’””"° and
patients should be followed up every six
months to monitor this. However, reasons
that improvement may not be observed
include: (a) failure to remove significant
allergenic exposures from the household;
(b) ongoing exposure to high levels of aller-
gen; (c) ongoing exposure to non-allergenic
triggers; (d) incomplete identification and
treatment of clinically relevant allergens; or
(e) failure to comply with adequate doses of
each allergen.>®

SAFETY

Only standardised and regulated allergen
extracts with evidence of safety and efficacy
should be prescribed.®° Extracts should be
stored at 4-8°C to reduce the rate of
potency loss.

Local reactions to SCIT injections are com-
mon, manifesting as erythema, pruritus,
and swelling at the injection site. These can
be managed with cool compresses, antihis-
tamines, or topical corticosteroids, and do
not require dose adjustment.?’ Traditionally,
there has been concern that pre-injection
antihistamines may mask a minor reaction
that may otherwise alert a physician to an
impending systemic reaction. However, a
randomised controlled trial demonstrated
that premedication reduced the frequency
of severe systemic reactions caused by con-
ventional immunotherapy and increased the
proportion of patients who achieved the tar-
get  maintenance  dose.®? Hence,
premedication with antihistamines can be
considered in patients who recurrently have
significant local reactions. Of note, the size
of a local reaction does not predict the
occurrence of a systemic reaction with the
next injection.®

There is a very small but real risk of sys-
temic allergic reactions or anaphylaxis with
allergen immunotherapy, and the risk asso-
ciated with SCIT appears to be greater than
that for SLIT.®* SCIT should therefore be
administered in a medical facility experi-
enced in immunotherapy administration
that allows prompt recognition and man-
agement of adverse reactions. A review of
SCIT systemic reaction rates found that the
rate of a systemic reaction (including sneez-
ing, nasal congestion, urticaria) is 1.9 per
cent, and the rate of anaphylaxis is 0.02 per

© 2020 Optometry Australia
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cent.®> Anaphylaxis can develop within

minutes after the SCIT injection and should
be treated with appropriate resuscitation
including intramuscular adrenaline, cortico-
steroids, supplemental oxygen and intrave-
nous fluids.®®

Delayed systemic reactions, including
biphasic reactions, can occur up to
30 minutes post-SCIT injection, and can
occur without any preceding symptoms. It is
recommended that patients remain in the
physician's office or medical clinic for
30 minutes after the SCIT injection.’ After a
SCIT-induced systemic reaction, the risk ver-
sus benefit of ongoing immunotherapy
should be evaluated and the next mainte-
nance dose should be appropriately
reduced.?’

To reduce the risk of systemic reactions,
the following practices may be conducted:
pre-injection health assessments, asthma
peak flow, clear documentation, dose reduc-
tion late injections, and dose reduction by
50-90 per cent with manufacturer lot
changes.*®®” Of note, most patients tolerate
SCIT  without seasonal  adjustments,
although highly sensitive patients may have
a systemic reaction during high pollen sea-
son and may require individual dose
titration.®”

Sublingual immunotherapy
SLIT is shown to be an effective and safe
alternative for the treatment of allergic
rhinoconjunctivitis due to grass pollen, rag-
weed, and house dust mite allergens 87
During SLIT, allergen is captured via the oral
mucosa by dendritic cells, which mature
and migrate to the proximal draining spe-
cialised micro-environment lymph nodes
that favour the induction of mucosal toler-
ance through the production of IgG anti-
bodies and induction of regulatory T
cells. %899

Many high-quality trials over the last
decade have demonstrated that SLIT is
clinically effective, with improvement in
ocular symptoms, conjunctival sensitivity,
concomitant rescue medication require-
ments and quality of life questionnaire
scores in  patients  with  allergic
rhinoconjunctivitis.’® % A systematic
review with 63 studies and 5,131 patients
found SLIT reduced conjunctivitis symp-
toms and concomitant medication
scores.'® A Cochrane systematic review
that evaluated 42 trials found that SLIT
significantly reduced the total and individ-
ual ocular symptom scores for red eyes,

itchy eyes, and watery eyes in patients
with seasonal allergic conjunctivitis com-
pared with placebo.®®

A recent meta-analysis with 13 trials and
1,592 patients concluded that symptoms of
pollen-induced allergic conjunctivitis
improved significantly with SLIT compared
with dust-mite induced allergic conjunctivi-
tis, reducing total ocular symptom scores,
ocular redness, itch and tearing, but not
concomitant medication use.'®”  Another
meta-analysis found a reduction in ocular
symptoms and concomitant medication
score, including eyedrop use.'®® However, a
meta-analysis evaluating 13 trials and 4,659
patients for symptom score, and 12 trials
and 4,558 patients for medication score,
found only a small treatment benefit in
symptom scores and concomitant medica-
tion scores (antihistamines and corticoste-
roids) with grass pollen SLIT in patients with
seasonal allergic conjunctivitis.’®

Additional data over the last decade from
double-blind placebo-controlled trials have
shown that high-dose aqueous SLIT to pol-
len was effective in reducing concomitant
medication scores in children."'® Alternaria
SLIT was shown to be effective in signifi-
cantly reducing the concomitant medication
score.”"" Multi-allergen SCIT has been tested
in a single-centre trial with timothy grass
monotherapy, timothy grass and nine other
pollen allergens, or placebo. Only the timo-
thy grass monotherapy group showed sta-
tistically ~ significant  improvement.""?
Additional study on multi-allergen SLIT is
needed.

For perennial allergic rhinoconjunctivitis,
SLIT with house dust mite tablets is more
effective than any first-line pharmacother-
apies'"® with dose-related reduction in con-
comitant medication use.'"*'" For seasonal
allergic conjunctivitis, grass and ragweed
SLIT is almost as effective as intranasal corti-
costeroids, and more effective than other
pharmacotherapies, while the five-grass SLIT
was superior over all pharmacotherapy
treatments.''®

DOSING AND ADMINISTRATION

SLIT can be delivered both as dissolvable
tablets or extract solution, retained under
the tongue for at least one minute and
then swallowed. There is greater evidence
for SLIT tablets than drops, particularly for
house dust mite.”"*""7"® S| |T can be
taken continuously or pre-seasonally,
commencing ideally four months prior to
the start of the pollen season. SLIT therapy is
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Uncontrolled asthma.

History of prior SCIT injection-
related systemic reactions.
High degree of sensitisation.

SCIT injection during peak pollen
season/high allergen exposure.

Mast cell disease.
Active infections.
Dosing or administration errors of

therapeutic allergens, such as
overdose.

Excess dose escalation during
initiation.
Concurrent use of beta blocker therapy.

Recent high-intensity physical
exercise.

SCIT: subcutaneous immunotherapy,
SLIT: sublingual immunotherapy.

Table 3. Risk factors for systemic reac-
tions during allergen immunotherapy.
Adapted from Roberts et al." and
Sanchez-Borges et al.?’

usually initiated with a full dose, or a very
short dose escalation schedule. Dosing con-
tinues once daily and is self-administered by
the patient at home.

SLIT is recommended for grass pollen for
at least three years,''®'?2 and for house
dust mite for at least one year,''#117.123124

SAFETY

SLIT is a safe and well tolerated treatmen
with a more favourable safety profile than
SCIT*884 and can be administered at home
after the first dose is administered under the
supervision of a physician in a medical centre
that can manage anaphylaxis.

Common local reactions with SLIT include
oral-mucosal pruritus and lip angioedema,
but these usually occur during the initial
phase of the treatment course, are self-limit-
ing, and generally do not persist with contin-
ued treatment.'®®'?” While some patients
have ceased treatment due to these local
reactions, oral antihistamines given prior to
SLIT initiation, and for the initial weeks of
therapy, can reduce local irritation.”® Sys-
temic reactions can occur, and notably,
patients who did not tolerate SCIT also had
anaphylaxis to SLIT."?® A 2012 review esti-
mating the anaphylaxis rate of SLIT to be
one per 100 million doses, or one per
526,000 treatment years.'?® No treatment-
related anaphylaxis has occurred in diverse
large-scale randomised controlled trials

t,1 25

Grade A and B recommendations for SCIT
Continuous SCIT is recommended for adults (A) and children (B) with SAC for short-term benefit in those with moderate-to-severe

disease.

using SLIT,"™° although some countries

require patients be prescribed an adrena-
line pen prior to SLIT commencement, and
the first dose should be given in the physi-
cian's office.

Temporary cessation of SLIT may be
advised for seven days in certain situations,
such as post-dental extraction, oral surgery,
oral ulcer, or acute asthma exacerbation.’

Practical points of allergen
immunotherapy

Before immunotherapy is commenced, a
careful explanation must be given to the
patient, outlining the details and commit-
ment required as it is a long-term program
involving frequent injections of allergenic
extracts for at least three years. Patients
should understand the benefits, risks, and
costs of allergen immunotherapy, and
counselling should also include the expected
onset of efficacy and duration of treatment
and importance of adhering to the dosing
schedule.

Absolute contraindications to immunother-
apy include uncontrolled or severe asthma,
active systemic autoimmune disease that is

Pre-seasonal or co-seasonal SCIT is recommended for adults (A) and children (B) with SAC for short-term benefit.
Both allergoids and unmodified allergen SCIT extracts are recommended for adults (A) and children (B) with ARC for short-term benefit.
Continuous grass pollen SCIT is recommended for adults (A) and children (B) with ARC for short-term and long-term benefit.

Grade A recommendations for SLIT

Pre-seasonal or co-seasonal or continuous SLIT is recommended for seasonal ARC for short-term benefit.
SLIT with tablets for pollens or house dust mite is recommended for ARC for short-term benefit.
SLIT aqueous solutions for pollens is recommended for children (A) and adults (B) with ARC for short-term benefit.
SLIT aqueous solutions for house dust mite cannot be recommended for ARC for short-term benefit.
Continuous grass pollen SLIT tablets or SLIT solution is recommended for ARC for long-term benefit.
SLIT tablet for house dust mite is recommended for ARC for long-term benefit in adults (B).
General Grade A and B recommendations for allergen immunotherapy in ARC

Polysensitised patients who are polyallergic for taxonomically related homologous allergens can receive either a single allergen or
a mixture of homologous allergens from that biological family that covers all the major allergens.

AIT can be recommended in otherwise healthy elderly patients with ARC whose symptoms are not adequately controlled by
pharmacotherapy (Grade A for SLIT, Grade B for SCIT).

To achieve long-term efficacy, it is recommended that a minimum of three years of therapy is used.

Premedication with an antihistamine is recommended as it reduces the frequency and severity of local and systemic cutaneous
reactions. It does not eliminate the risk of other systemic adverse reactions including anaphylaxis.

ARC: allergic rhinoconjunctivitis, PAC: perennial allergic conjunctivitis, SAC: seasonal allergic conjunctivitis, SCIT: subcutaneous immu-

notherapy, SLIT: sublingual immunotherapy.

Table 4. Summary of Grade A and B recommendations for allergen immunotherapy in allergic rhinoconjunctivitis. Adapted from

Roberts et al.™
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unresponsive to treatment, and initiation dur-
ing pregnancy.'® Relative contraindications
that require caution, detailed risk versus
benefit analysis, and close monitoring,
include patients with partially controlled
asthma, local or systemic beta blockade,

Immunotherapy for allergic eye disease Trivedi and Katelaris

severe cardiovascular disease or ischaemic
heart disease, systemic autoimmune dis-
ease in remission, severe psychiatric disor-
ders, poor adherence, primary or
secondary immunodeficiency, or a history
of  serious  systemic reactions to

immunotherapy. The risk factors for sys-
temic reactions during immunotherapy are
summarised in Table 3. Dose reductions of
25-50 per cent should be conducted for
intercurrent illness or delayed injections for
SCIT, while dose interruptions for oral

Benefits/pros

Risks/cons

Cost

Risk versus benefit

assessment

Patient preference

Recommendation

SCIT

Improvement in symptoms.

Reduced need for rescue medication.

Reduced likelihood of progression from ARC to
bronchial asthma.

Pre-seasonal, co-seasonal, and continuous SCIT
effective in short-term for SAC and PAC.

Persistent benefit for years after completion of
3-5 years of SCIT. Highest evidence of grass pollen
SCIT.

Benefit higher than single-drug pharmacotherapy.

Inconvenience due to regular clinic visits (usually
monthly on maintenance, more on up-dosing).
Frequent minor, local reactions.

Potential for systemic reactions.

1:2,000 risk of moderate-severe systemic reactions
per SCIT injection. Less with allergoids.

Potential for anaphylaxis.

Must be observed for 30 min in clinic after each SCIT
injection.

SCIT overall has higher risk of systemic reactions than SLIT.

Cost of allergen extract SCIT treatment.
Cost of visit to medical clinic to receive SCIT.
Regular loss of productivity to receive SCIT.
Data on SCIT versus SLIT is variable.

Benefit > harm for patients who have refractory ARC
despite pharmacotherapies.

Benefit > harm for patients who have chronic and
persistent symptoms.

Decision regarding requirement for AIT based on
adequate relief of symptoms with pharmacotherapies
versus cost and inconvenience of SCIT. This can be
compensated by long-term clinical benefit and relief
from as-required medication. SCIT can be cost-
effective over persistent symptomatic therapy in the
long term.

Strong recommendation for SCIT in patients with ARC
symptoms for significant periods of time each year,
refractory to pharmacotherapies for adequate
symptomatic relief. Strong recommendation for
patients who would benefit from secondary disease-
modifying effects of SCIT (prevention of asthma or
new sensitisation), especially in children.

SLIT

Improvement in symptom scores, on top of
rescue medication.

Reduced need for concomitant
pharmacotherapy.

Benefit higher than single-drug
pharmacotherapy.

Pre-seasonal, co-seasonal, and continuous SLIT
tablets or drops effective in short-term for SAC.
Continuous SLIT tablets effective in short-term
for PAC.

Continuous SLIT for 3 years is effective in long-
term for grass pollen (tablet or drop) and house
dust mite (tablet only) for ARC.

No injections.

Able to dose at home after first dose.

Minimal harm.

Very frequent, but mild, local adverse events,
usually self-limited.

Very rare systemic events.

Must observe in clinic for 30 min after first dose.
Rare moderate-to-severe systemic reactions

(< 1:500 risk over 3 years therapy).

SLIT overall seems safer than SCIT.

Must remember to take daily doses at home.

SLIT is cost-effective compared to
pharmacotherapy after several years of
administration.

Data on cost of SLIT versus SCIT is variable.

Benefit of treatment seen beyond that with
rescue medications. Lasting effect at least
2 years off treatment.

Minimal harm with SLIT.

SLIT improved symptoms with low risk for
adverse events.

Definite improvement with SLIT with grass
pollen tablet, ragweed tablet, house dust mite
tablet, tree pollen aqueous solution.
Improvement with dual SLIT in bi-allergic patients.
Less evidence for improvement with Alternaria
and Epithelia SLIT.

Strong recommendation for high-dose tablet
SLIT for grass pollen, ragweed, house dust mite
in patients with SAC and PAC who wish to
reduce their symptoms and concomitant
medication use.

AIT: allergen immunotherapy, ARC: allergic rhinoconjunctivitis, PAC: perennial allergic conjunctivitis, SAC: seasonal allergic conjunctivi-
tis, SCIT: subcutaneous immunotherapy, SLIT: sublingual immunotherapy.

Table 5. Evidence-based decision-making points for SCIT and SLIT in allergic rhinitis and allergic rhinoconjunctivitis. Adapted from
Wise et al.®® and Roberts et al.™

© 2020 Optometry Australia

Clinical and Experimental Optometry 2020

1



Immunotherapy for allergic eye disease Trivedi and Katelaris

lesions should be conducted for SLIT as
described earlier.

Immunotherapy should be commenced
two to four months prior to pollen season in
patients with seasonal allergic conjunctivitis,
and when allergen exposure is lowest in
patients with perennial allergic conjunctivi-
tis. A minimum of three years of allergen
immunotherapy is recommended to achieve
long-term  efficacy  after  treatment
discontinuation,'® although improvement in
symptoms can occur within 12 months."®

There is no specific upper or lower age
limit for initiating allergen immunotherapy if
appropriate indications are present.’®

Allergen immunotherapy is not usually ini-
tiated during pregnancy due to risk of
adverse effects of systemic reactions on the
foetus, mother, or both. If pregnancy occurs
in the build-up phase and the dose is
unlikely to be therapeutic, discontinuation of
allergen immunotherapy should be consid-
ered. However, allergen immunotherapy can
be continued during pregnancy if it is well
tolerated, and retrospective studies suggest
there is no greater risk of prematurity, foetal
abnormality, or other adverse pregnancy
outcome in patients receiving allergen
immunotherapy during pregnancy.'3?

Immunotherapy for children with allergic
rhinoconjunctivitis has been shown to be

safe and effective, with additional improve-
ment in asthma symptom control and
reduction of progression to asthma,'33'34
Asthma must be well-controlled at the time
of SCIT injection, and SCIT should be with-
held if there is an acute asthma exacerba-
tion. Similarly, concomitant uncontrolled
asthma is associated with severe systemic
reactions after SLIT.'?°

Adherence to immunotherapy is crucial for
its efficacy. SCIT requires regular visits to the
clinic, while SLIT can be performed at home
daily. The range of reported adherence varies
between 18 per cent to 90 per cent, with
overlapping ranges for SCIT and SLIT. Non-
adherence to the immunotherapy schedule
and premature discontinuation are common
problems and reasons for limited success.
The main causes of poor adherence are side
effects, inconvenience, lack of efficacy, or for-
getting to use.'® Factors such as age and
patient education play a role, and patients
should be informed fully regarding impor-
tance of regular doses and completion of the
course of immunotherapy. Reminders to take
SLIT are recommended for increased adher-
ence.'®® Adherence may also be better with
three-monthly follow-up appointments rather
than six- or 12-monthly."> Evidence-based
communication, patient-preferred adminis-
tration, motivational interviewing and shared

Patients with ARC symptoms on self-medication with OTC medications and ocular lubricants.

v

Review by primary care providers  History, examination, diagnosis.
Optimisation of topical therapies, including topical antihistamines, mast cell stabilisers, corticosteroids.

v

Ongoing moderate-to-severe ARC with or without asthma.
Exacerbation of symptoms on exposure to the relevant disease-driving allergens.

v

Confirmation of IgE sensitisation via SPT and/or sIgE testing to relevant allergens on specialist review.

v

Allergen avoidance measures and ongoing optimisation of pharmacotherapies.
Demonstration of inadequate control of symptoms, with ongoing ARC refractory to pharmacotherapies.

v

Consideration for AIT following thorough discussion with patient regarding risk, benefit, cost, adherence.
Exclusion of absolute and relative contraindications.

Selection of optimal approach to AIT based on t allergen

v

patient ch: ics, patient and proven effective product availability.

Commencement of AIT supervised by trained medical professionals. Appropriate safety measures and abservations. AT dosing and administration based on appropriate schedule.

v

Regular assessment regarding patient adherence, improvement in clinical signs and symptoms, adverse effects, and requirement for any modification of therapy.

v

Consider cessation of therapy once patient has had 3 years of AIT with clinical benefit, if patient has unacceptable adverse events, or if patient has lack of clinical benefit after 12 months of
treatment.

Figure 4. Approach to the patient with allergic eye disease who may be a candidate
for allergen immunotherapy. Adapted from Bousquet et al.,*” Cox et al.® and Roberts

etal.™
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decision-making are all important for aller-
gen immunotherapy commencement that
increases successful reduction in symptoms
of allergic eye disease.'®

One of the main disadvantages of allergen
immunotherapy is the associated cost. Cost
is determined by the brand or company
utilised, the type of allergen immunotherapy
(SCIT versus SLIT), the particular allergen and
number of allergen extracts required, and
whether they are able to be mixed in the
same kit (and therefore potentially diluted) or
whether multiple separate extracts are
required. Allergen immunotherapy can be
administered for three to five years with
likely continuing relief of symptoms for years
after discontinuation. However, pharmaco-
therapy must be continued indefinitely, since
it has no disease-modifying activity. Hence,
the overall higher cost of allergen immuno-
therapy may be offset by the continuing ben-
efit after it is ceased, and may be
comparable to cost of prolonged first-line
therapies and productivity lost with inade-
quate control of symptoms.

A meta-analysis of costs showed that
SCIT and SLIT may be cost-effective com-
pared with standard pharmacotherapy for
six years, but the investigators were not

able to establish a clear difference
between SCIT and SLIT in cost-effective-
ness.”>® Generally with most allergen

immunotherapy companies, SCIT is less
expensive than SLIT, with allergoid inject-
able extracts costing less than sublingual
tablets or sprays.

Polysensitised patients and
allergen mixtures

Most patients with allergic conjunctivitis are
sensitised to a diversity of aeroallergens. Not
all these sensitisations will be clinically rele-
vant, hence it is prudent to identify whether
the patient is: (a) polysensitised and clinically
monoallergic (where only one allergen is driv-
ing symptoms); (b) polysensitised and poly-
allergic (with symptoms on exposure to
multiple different allergens). There is evi-
dence that immunotherapy to single extracts
is clinically effective in polysensitised patients
who are monoallergic,"%'® and hence poly-
sensitised patients who are monoallergic are
recommended to receive immunotherapy for
the specific allergen driving their symptoms.
It is recommended that mixed allergen
immunotherapy is only given to polyallergic
patients with homologous (taxonomically
related) allergens.”*®  For polyallergic
patients with non-homologous allergens, it
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is recommended that separate immuno-
therapy preparations for one or two of the
clinically most important allergens are
applied separately.’

Table 4 outlines the Grade A evidence-
based recommendations for allergen immu-
notherapy in allergic rhinoconjunctivitis, as
per the most recent guidelines.' Grade A
evidence refers to consistent Level | stud-
ies, which include systematic reviews,
meta-analyses and randomised controlled
trials.

SLIT versus SCIT
Comparison of the clinical efficacy of SCIT
versus SLIT should only be assessed by
head-to-head comparisons. There are few
studies conducted accordingly,’**"*3 with
no conclusive evidence of any statistically
significant difference between the two
routes. A recent meta-analysis of 37 stud-
ies for symptom scores and 31 studies for
medication scores showed comparative
reductions in allergic rhinoconjunctivitis
symptoms with both SCIT and SLIT during
the pollen season, with no significant
differences between the two modes of
allergen immunotherapy.’** A recent pro-
spective comparative case series on
100 patients also found no significant dif-
ference between SCIT or SLIT in achieving
clinical improvement in patients with aller-
gic conjunctivitis, with improvement with
both routes in all follow-up parameters
including ocular symptom scores, medica-
tion scores, and total serum IgE levels.""
The choice between SCIT and SLIT there-
fore does not rely solely on proof of efficacy,
which appears to be equivalent for both,
but on individual patient preferences, cost,
compliance, risk of adverse events and poly-
sensitisation, all of which play a role in the
allergen immunotherapy prescribed.’® This
decision is made by the allergist in consulta-
tion with the patient, and includes consider-
ations such as burden of monthly injections
with SCIT versus the generally increased
cost of SLIT. Table 5 outlines the recommen-
dations based on current evidence for SCIT
and SLIT in patients with allergic rhinitis and
allergic rhinoconjunctivitis. Figure 3 depicts
a basic approach to the patient with allergic
conjunctivitis.

Conclusion

The extensive literature review covered in this
paper confirms that allergen immunotherapy
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is a highly effective treatment in patients with
moderate-to-severe allergic eye disease. Aller-
gen immunotherapy is recommended for
patients who have demonstrated sensitisation
to a specific allergen and have allergic eye dis-
ease that is refractory to first-line and second-
line pharmacotherapies. Allergen immuno-
therapy should be prescribed as per
evidence-based guidelines to ensure optimi-
sation of efficacy, as well as optimisation of
safety with consideration of risks and benefits
of therapy (Figure 4).

While there is significant demonstration
of the efficacy of allergen immunotherapy,
further large definitive trials and head-to-
head comparative studies are required in
the medical literature, as well as pharmaco-
economic evaluations that can clarify the
place of allergen immunotherapy in compari-
son with other treatment options. Overall,
allergen immunotherapy is a safe and highly
effective treatment for allergic eye disease,
and we recommend it as an essential part of
the management strategy in patients with
ocular allergy.

REFERENCES

1. Brozek G, Lawson J, Szumilas D et al. Increasing prev-
alence of asthma, respiratory symptoms, and allergic
diseases: four repeated surveys from 1993-2014. Res-
pir Med 2015; 109: 982-990.

2. Bielory L, Skoner DP, Blaiss MS et al. Ocular and
nasal allergy symptom burden in America: the
allergies, immunotherapy, and RhinoconjunctivitiS
(AIRS) surveys. Allergy Asthma Proc 2014; 35:
211-218.

3. Blaiss MS. Allergic rhinoconjunctivitis: burden of dis-
ease. Allergy Asthma Proc 2007; 28: 393-397.

4. Gradman J, Wolthers OD. Allergic conjunctivitis in
children with asthma, rhinitis and eczema in a sec-
ondary outpatient clinic. Pediatr Allergy Immunol
2006; 17: 524-526.

5. Brown-Whitehorn TF, Spergel JM. The link between
allergies and eosinophilic esophagitis: implications
for management strategies. Expert Rev Clin Immunol
2010; 6: 101-109.

6. Leonardi A, Bogacka E, Fauquert JL et al. Ocular
allergy: recognizing and diagnosing hypersensitivity
disorders of the ocular surface. Allergy 2012; 67:
1327-1337.

7. Elhers WH, Donshik PC. Giant papillary conjuncti-
vitis. Curr Opin Allergy Clin Immunol 2008; 8:
445-449.

8. Leonardi A, Castegnaro A, Valerio AL et al. Epide-
miology of allergic conjunctivitis: clinical appear-
ance and treatment patterns in a population-
based study. Curr Opin Allergy Clin Immunol 2015;
15: 482-488.

9. Singh K, Axelrod S, Bielory L. The epidemiology of ocu-
lar and nasal allergy in the United States, 1988-1994.
J Allergy Clin Immunol 2010; 126: 778-783 e6.

10. Bielory L. Ocular allergy. Mt Sinai | Med 2011; 78:
740-758.

11.  Emanuel IA, Parker M), Traub O. Undertreatment of
allergy: exploring the utility of sublingual immuno-
therapy. Otolaryngol Head Neck Surg 2009; 140:
615-621.

12.  Dupuis P, Prokopich CL, Hynes A et al. A contempo-
rary look at allergic conjunctivitis. Allergy Asthma Clin
Immunol 2020; 16: 5.

13.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

La Rosa M, Lionetti E, Reibaldi M et al. Allergic con-
junctivitis: a comprehensive review of the literature.
Ital | Pediatr 2013; 39: 18.

Roberts G, Pfaar O, Akdis CA et al. EAACI guidelines on
allergen immunotherapy: allergic rhinoconjunctivitis.
Allergy 2018; 73: 765-798.

Leonardi A. The central role of conjunctival mast
cells in the pathogenesis of ocular allergy. Curr
Allergy Asthma Rep 2002; 2: 325-331.

Leonardi A, De Dominicis C, Motterle L. Immuno-
pathogenesis of ocular allergy: a schematic approach
to different clinical entities. Curr Opin Allergy Clin
Immunol 2007; 7: 429-435.

Ono S), Abelson MB. Allergic conjunctivitis: update
on pathophysiology and prospects for future treat-
ment. / Allergy Clin Immunol 2005; 115: 118-122.

Ono S). Vernal keratoconjunctivitis: evidence for
immunoglobulin E-dependent and immunoglobulin
E-independent eosinophilia. Clin Exp Allergy 2003; 33:
279-281.

Metz DP, Hingorani M, Calder VL et al. T-cell cyto-
kines in chronic allergic eye disease. J Allergy Clin
Immunol 1997; 100Pt 1: 817-824.

Miraldi Utz V, Kaufman AR. Allergic eye disease.
Pediatr Clin North Am 2014; 61: 607-620.

Bonini S, Lambiase A, Magrini L et al. Vernal kera-
toconjunctivitis: a model of 5q cytokine gene clus-
ter disease. Int Arch Allergy Immunol 1995; 107:
95-98.

Bielory L, Delgado L, Katelaris CH et al. ICON: Diag-
nosis and management of allergic conjunctivitis. Ann
Allergy Asthma Immunol 2020; 124: 118-134.

Bonini S, Coassin M, Aronni S et al. Vernal keratocon-
junctivitis. Eye (Lond) 2004; 18: 345-351.

Wong AH, Barg SS, Leung AK. Seasonal and perennial
allergic conjunctivitis. Recent Pat Inflamm Allergy Drug
Discov 2014; 8: 139-153.

Patel DS, Arunakirinathan M, Stuart A et al. Allergic
eye disease. BMJ 2017; 359: j4706.

Hom MM, Nguyen AL, Bielory L. Allergic conjunctivitis
and dry eye syndrome. Ann Allergy Asthma Immunol
2012; 108: 163-166.

Friedlaender MH. Ocular allergy. Curr Opin Allergy
Clin Immunol 2011; 11: 477-482.

Lambiase A, Minchiotti S, Leonardi A et al. Prospec-
tive, multicenter demographic and epidemiological
study on vernal keratoconjunctivitis: a glimpse of
ocular surface in ltalian population. Ophthalmic
Epidemiol 2009; 16: 38-41.

Jun J, Bielory L, Raizman MB. Vernal conjunctivitis.
Immunol Allergy Clin North Am 2008; 28: 59-82 vi.
Naderan M, Rajabi MT, Zarrinbakhsh P et al. Effect of
allergic diseases on keratoconus severity. Ocul
Immunol Inflamm 2017; 25: 418-423.

Foster CS, Calonge M. Atopic keratoconjunctivitis.
Ophthalmology 1990; 97: 992-1000.

Guglielmetti S, Dart JK, Calder V. Atopic keratocon-
junctivitis and atopic dermatitis. Curr Opin Allergy Clin
Immunol 2010; 10: 478-485.

Forister JF, Forister EF, Yeung KK et al. Prevalence of
contact lens-related complications: UCLA contact
lens study. Eye Contact Lens 2009; 35: 176-180.
Leonardi A, Piliego F, Castegnaro A et al. Allergic con-
junctivitis: a cross-sectional study. Clin Exp Allergy
2015; 45: 1118-1125.

Miyazaki C, Koyama M, Ota E et al. Allergic diseases
in children with attention deficit hyperactivity disor-
der: a systematic review and meta-analysis. BVIC Psy-
chiatry 2017; 17:120.

Bielory L, Meltzer EO, Nichols KK et al. An algorithm
for the management of allergic conjunctivitis. Allergy
Asthma Proc 2013; 34: 408-420.

Cronau H, Kankanala RR, Mauger T. Diagnosis and
management of red eye in primary care. Am Fam
Physician 2010; 81: 137-144.

Leonardi A, Doan S, Fauquert JL et al. Diagnostic
tools in ocular allergy. Allergy 2017; 72: 1485-1498.
Bousquet J, Heinzerling L, Bachert C et al. Practical
guide to skin prick tests in allergy to aeroallergens.
Allergy 2012; 67: 18-24.

Clinical and Experimental Optometry 2020

13



Immunotherapy for allergic eye disease Trivedi and Katelaris

40.

41,

42,

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

Bignardi D, Comite P, Mori | et al. Allergen-specific
IgE: comparison between skin prick test and serum
assay in real life. Allergol Select 2019; 3: 9-14.
Fauquert JL, Jedrzejczak-Czechowicz M, Rondon C
et al. Conjunctival allergen provocation test: guide-
lines for daily practice. Allergy 2017; 72: 43-54.
Sanchez-Hernandez MC, Montero J, Rondon C et al.
Consensus document on allergic conjunctivitis (DECA).
J Investig Allergol Clin Immunol 2015; 25: 94-106.
Bielory L. Ocular allergy guidelines: a practical treat-
ment algorithm. Drugs 2002; 62: 1611-1634.

Nye M, Rudner S, Bielory L. Emerging therapies in
allergic conjunctivitis and dry eye syndrome. Expert
Opin Pharmacother 2013; 14: 1449-1465.

Butrus S, Portela R. Ocular allergy: diagnosis and
treatment. Ophthalmol Clin North Am 2005; 18:
485-492.

Bielory L, Schoenberg D. Emerging therapeutics for
ocular surface disease. Curr Allergy Asthma Rep 2019;
19:16.

Leonardi A, Silva D, Perez Formigo D et al. Manage-
ment of ocular allergy. Allergy 2019; 74: 1611-1630.
Mishra GP, Tamboli V, Jwala | et al. Recent patents
and emerging therapeutics in the treatment of aller-
gic conjunctivitis. Recent Pat Inflamm Allergy Drug
Discov 2011; 5: 26-36.

Syed BA, Kumar S, Bielory L. Current options and
emerging therapies for anterior ocular inflammatory
disease. Curr Opin Allergy Clin Immunol 2014; 14:
485-489.

Kam KW, Chen LJ, Wat N et al. Topical olopatadine in
the treatment of allergic conjunctivitis: a systematic
review and meta-analysis. Ocul Immunol Inflamm
2017; 25: 663-677.

Wan KH, Chen LJ, Rong SS et al. Topical cyclosporine
in the treatment of allergic conjunctivitis: a meta-
analysis. Ophthalmology 2013; 120: 2197-2203.
Globinska A, Boonpiyathad T, Satitsuksanoa P et al.
Mechanisms of allergen-specific immunotherapy:
Diverse mechanisms of immune tolerance to aller-
gens. Ann Allergy Asthma Immunol 2018; 121:
306-312.

Sahin E, Bafageeh SA, Guven SG et al. Mechanism of
action of allergen immunotherapy. Am J Rhinol Allergy
2016; 30: 1-3.

lliopoulos O, Proud D, Adkinson NF Jr et al. Effects of
immunotherapy on the early, late, and rechallenge
nasal reaction to provocation with allergen: changes
in inflammatory mediators and cells. J Allergy Clin
Immunol 1991; 87: 855-866.

Nish WA, Charlesworth EN, Davis TL et al. The effect
of immunotherapy on the cutaneous late phase
response to antigen. J Allergy Clin Immunol 1994; 93:
484-493.

Cox L, Nelson H, Lockey R et al. Allergen immuno-
therapy: a practice parameter third update. J Allergy
Clin Immunol 2011; 127: S1-S55.

Bousquet J, Pfaar O, Togias A et al. 2019 ARIA Care
pathways for allergen immunotherapy. Allergy 2019;
74:2087-2102.

Dhami S, Nurmatov U, Arasi S et al. Allergen immu-
notherapy for allergic rhinoconjunctivitis: a system-
atic review and meta-analysis. Allergy 2017; 72:
1597-1631.

Nelson HS. Subcutaneous injection immunotherapy
for optimal effectiveness. Immunol Allergy Clin North
Am 2011; 31: 211-226, viii.

Calderon MA, Alves B, Jacobson M et al. Allergen
injection immunotherapy for seasonal allergic
rhinitis. Cochrane Database Syst Rev 2007;
CD001936.

Mosges R, Valero Santiago A, Allekotte S et al. Subcu-
taneous  immunotherapy  with  depigmented-
polymerized allergen extracts: a systematic review
and meta-analysis. Clin Trans! Allergy 2019; 9: 29.
Erekosima N, Suarez-Cuervo C, Ramanathan M
et al. Effectiveness of subcutaneous immunother-
apy for allergic rhinoconjunctivitis and asthma: a
systematic review. Laryngoscope 2014; 124:
616-627.

Clinical and Experimental Optometry 2020

14

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

Lofkvist T, Agrell B, Dreborg S et al. Effects of immu-
notherapy with a purified standardized allergen
preparation of dermatophagoides farinae in adults
with perennial allergic rhinoconjunctivitis. Allergy
1994; 49: 100-107.

Del Prete A, Loffredo C, Carderopoli A et al. Local
specific immunotherapy in allergic conjunctivitis. Acta
Ophthalmol 1994; 72: 631-634.

Juniper EF, Kline PA, Ramsdale EH et al. Comparison
of the efficacy and side effects of aqueous steroid
nasal spray (budesonide) and allergen-injection ther-
apy (Pollinex-R) in the treatment of seasonal allergic
rhinoconjunctivitis. J Allergy Clin Immunol 1990; 85:
606-611.

Purkey MT, Smith TL, Ferguson BJ et al. Subcutane-
ous immunotherapy for allergic rhinitis: an evidence
based review of the recent literature with recom-
mendations. Int Forum Allergy Rhinol 2013; 3:
519-531.

Tworek D, Bochenska-Marciniak M, Kuprys-Lipinska |
et al. Perennial is more effective than preseasonal
subcutaneous immunotherapy in the treatment of
seasonal allergic rhinoconjunctivitis. Am J Rhinol
Allergy 2013; 27: 304-308.

Wise SK, Lin SY, Toskala E et al. International consen-
sus statement on allergy and rhinology: allergic rhini-
tis. Int Forum Allergy Rhinol 2018; 8: 108-352.

Valenta R, Campana R, Focke-Tejkl M et al. Vaccine
development for allergen-specific immunotherapy
based on recombinant allergens and synthetic aller-
gen peptides: lessons from the past and novel mech-
anisms of action for the future. J Allergy Clin Immunol
2016; 137: 351-357.

Passalacqua G, Canonica GW. Allergen immunother-
apy: history and future developments. Immunol
Allergy Clin North Am 2016; 36: 1-12.

Pfaar O, Urry Z, Robinson DS et al. A randomized
placebo-controlled trial of rush preseasonal
depigmented polymerized grass pollen immunother-
apy. Allergy 2012; 67: 272-279.

Pfaar O, Biedermann T, Klimek L et al. Depigmented-
polymerized mixed grass/birch pollen extract immu-
notherapy is effective in polysensitized patients.
Allergy 2013; 68: 1306-1313.

Klimek L, Uhlig J, Mosges R et al. A high polymerized
grass pollen extract is efficacious and safe in a ran-
domized double-blind, placebo-controlled study
using a novel up-dosing cluster-protocol. Allergy
2014; 69: 1629-1638.

Rajakulasingam K. Early improvement of patients’
condition during allergen-specific subcutaneous
immunotherapy with a high-dose hypoallergenic
6-grass pollen preparation. Eur Ann Allergy Clin
Immunol 2012; 44: 128-134.

Bozek A, Kolodziejczyk K, Krajewska-Wojtys A et al.
Pre-seasonal, subcutaneous immunotherapy: a
double-blinded, placebo-controlled study in elderly
patients with an allergy to grass. Ann Allergy Asthma
Immunol 2016; 116: 156-161.

Scadding GK, Kariyawasam HH, Scadding G et al.
BSACI guideline for the diagnosis and management
of allergic and non-allergic rhinitis (revised edition
2017; first edition 2007). Clin Exp Allergy 2017; 47:
856-889.

Frew A, Powell RJ, Corrigan (] et al. Efficacy and safety
of specific immunotherapy with SQ allergen extract in
treatment-resistant seasonal allergic rhinoconjunctivitis.
J Allergy Clin Immunol 2006; 117: 319-325.

Horst M, Hejjaoui A, Horst V et al. Double-blind,
placebo-controlled rush immunotherapy with a stan-
dardized alternaria extract. J Allergy Clin Immunol
1990; 85: 460-472.

Varney VA, Edwards J, Tabbah K et al. Clinical efficacy
of specific immunotherapy to cat dander: a double-
blind placebo-controlled trial. Clin Exp Allergy 1997;
27: 860-867.

Kowalski ML, Ansotegui |, Aberer W et al. Risk and
safety requirements for diagnostic and therapeutic
procedures in allergology: world allergy organization
statement. World Allergy Organ J 2016; 9: 33.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

Tankersley MS, Butler KK, Butler WK et al. Local reac-
tions during allergen immunotherapy do not require
dose adjustment. J Allergy Clin Immunol 2000; 106:
840-843.

Ohashi Y, Nakai Y, Murata K. Effect of pretreatment
with fexofenadine on the safety of immunotherapy
in patients with allergic rhinitis. Ann Allergy Asthma
Immunol 2006; 96: 600-605.

Kelso JM. The rate of systemic reactions to immuno-
therapy injections is the same whether or not the
dose is reduced after a local reaction. Ann Allergy
Asthma Immunol 2004; 92: 225-227.

Calderon MA, Vidal C, Rodriguez Del Rio P et al.
European survey on adverse systemic reactions in
allergen immunotherapy (EASSI): a real-life clinical
assessment. Allergy 2017; 72: 462-472.

Cox L, Larenas-Linnemann D, Lockey RF et al. Speak-
ing the same language: the World Allergy Organiza-
tion  subcutaneous immunotherapy  systemic
reaction grading system. J Allergy Clin Immunol 2010;
125: 569-574, 74.e1-74.e7.

Shaker MS, Wallace DV, Golden DBK et al.
Anaphylaxis-a 2020 practice parameter update, sys-
tematic review, and grading of recommendations,
assessment, development and evaluation (GRADE)
analysis. J Allergy Clin Immunol 2020; 145: 1082-1123.
Sanchez-Borges M, Bernstein DI, Calabria C. Subcuta-
neous immunotherapy safety: incidence per surveys
and risk factors. Immunol Allergy Clin North Am 2020;
40: 25-39.

Radulovic S, Calderon MA, Wilson D et al. Sublingual
immunotherapy for allergic rhinitis. Cochrane Data-
base Syst Rev 2010; CD002893.

Bufe A, Eberle P, Franke-Beckmann E et al. Safety
and efficacy in children of an SQ-standardized grass
allergen tablet for sublingual immunotherapy.
J Allergy Clin Immunol 2009; 123: 167-173 e7.

Cox LS, Casale TB, Nayak AS et al. Clinical efficacy of
300IR 5-grass pollen sublingual tablet in a US study:
the importance of allergen-specific serum IgE.
J Allergy Clin Immunol 2012; 130: 1327-1334 e1.

Dahl R, Kapp A, Colombo G et al. Sublingual grass
allergen tablet immunotherapy provides sustained
clinical benefit with progressive immunologic
changes over 2years. J Allergy Clin Immunol 2008;
121:512-518 e2.

Didier A, Malling HJ, Worm M et al. Optimal dose,
efficacy, and safety of once-daily sublingual immuno-
therapy with a 5-grass pollen tablet for seasonal
allergic rhinitis. J Allergy Clin Immunol 2007; 120:
1338-1345.

Halken S, Agertoft L, Seidenberg ] et al. Five-grass
pollen 300IR SLIT tablets: efficacy and safety in chil-
dren and adolescents. Pediatr Allergy Immunol 2010;
21: 970-976.

Maloney ], Bernstein DI, Nelson H et al. Efficacy and
safety of grass sublingual immunotherapy tablet,
MK-7243: a large randomized controlled trial. Ann
Allergy Asthma Immunol 2014; 112: 146-153.e2.
Creticos PS, Esch RE, Couroux P et al. Randomized,
double-blind, placebo-controlled trial of standardized
ragweed sublingual-liquid immunotherapy for aller-
gic rhinoconjunctivitis. J Allergy Clin Immunol 2014;
133: 751-758.

Creticos PS, Maloney ], Bernstein DI et al. Randomized
controlled trial of a ragweed allergy immunotherapy
tablet in North American and European adults. / Allergy
Clin Immunol 2013; 131: 1342-1349 e6.

Calderon MA, Linneberg A, Kleine-Tebbe | et al.
Respiratory allergy caused by house dust mites:
what do we really know? J Allergy Clin Immunol 2015;
136: 38-48.

Moingeon P, Batard T, Fadel R et al. Inmune mecha-
nisms of allergen-specific sublingual immunother-
apy. Allergy 2006; 61: 151-165.

Scadding G, Durham SR. Mechanisms of sublingual
immunotherapy. Immunol Allergy Clin North Am 2011;
31:191-2009, viii.

100. Penagos M, Compalati E, Tarantini F et al. Efficacy of

sublingual immunotherapy in the treatment of

© 2020 Optometry Australia



101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

1.

112.

113.

114.

115.

116.

allergic rhinitis in pediatric patients 3 to 18 years of
age: a meta-analysis of randomized, placebo-con-
trolled, double-blind trials. Ann Allergy Asthma
Immunol 2006; 97: 141-148.

Wilson DR, Lima MT, Durham SR. Sublingual immu-
notherapy for allergic rhinitis: systematic review and
meta-analysis. Allergy 2005; 60: 4-12.

Radulovic S, Wilson D, Calderon M et al. Systematic
reviews of sublingual immunotherapy (SLIT). Allergy
2011; 66: 740-752.

Durham SR, Riis B. Grass allergen tablet immuno-
therapy relieves individual seasonal eye and nasal
symptoms, including nasal blockage. Allergy 2007;
62: 954-957.

Mortemousque B, Bertel F, De Casamayor | et al.
House-dust mite sublingual-swallow immunotherapy
in perennial conjunctivitis: a double-blind, placebo-
controlled study. Clin Exp Allergy 2003; 33: 464-469.
Lin SY, Erekosima N, Kim JM et al. Sublingual immu-
notherapy for the treatment of allergic
rhinoconjunctivitis and asthma: a systematic review.
JAMA 2013; 309: 1278-1288.

Calderon MA, Penagos M, Sheikh A et al. Sublingual
immunotherapy for allergic conjunctivitis: Cochrane
systematic review and meta-analysis. Clin Exp Allergy
2011; 41: 1263-1272.

Yang J, Zhang L, Zhao Z et al. Sublingual immuno-
therapy for pediatric allergic conjunctivitis: a meta-
analysis of randomized controlled trials. Int Forum
Allergy Rhinol 2018; 8: 1253-1259.

Feng B, Wu J, Chen B et al. Efficacy and safety of sub-
lingual immunotherapy for allergic rhinitis in pediat-
ric patients: a meta-analysis of randomized
controlled trials. Am J Rhinol Allergy 2017; 31: 27-35.
Di Bona D, Plaia A, Leto-Barone MS et al. Efficacy of
grass pollen allergen sublingual immunotherapy tab-
lets for seasonal allergic rhinoconjunctivitis: a sys-
tematic review and meta-analysis. JAMA Intern Med
2015; 175: 1301-1309.

Valovirta E, Jacobsen L, Ljorring C et al. Clinical effi-
cacy and safety of sublingual immunotherapy with
tree pollen extract in children. Allergy 2006; 61:
1177-1183.

Cortellini G, Spadolini I, Patella V et al. Sublingual
immunotherapy for alternaria-induced allergic rhini-
tis: a randomized placebo-controlled trial. Ann Allergy
Asthma Immunol 2010; 105: 382-386.

Amar SM, Harbeck R], Sills M et al. Response to sub-
lingual immunotherapy with grass pollen extract:
monotherapy versus combination in a multiallergen
extract. / Allergy Clin Immunol 2009; 124: 150-6.e1-5.
Durham SR, Creticos PS, Nelson HS et al. Treatment
effect of sublingual immunotherapy tablets and
pharmacotherapies for seasonal and perennial aller-
gic rhinitis: pooled analyses. J Allergy Clin Immunol
2016; 138: 1081-1088.e4.

Bergmann KC, Demoly P, Worm M et al. Efficacy and
safety of sublingual tablets of house dust mite aller-
gen extracts in adults with allergic rhinitis. J Allergy
Clin Immunol 2014; 133: 1608-1614 e6.

Nolte H, Maloney ], Nelson HS et al. Onset and dose-
related efficacy of house dust mite sublingual immuno-
therapy tablets in an environmental exposure cham-
ber. J Allergy Clin Immunol 2015; 135: 1494-1501 e6.
Devillier P, Dreyfus JF, Demoly P et al. A meta-
analysis of sublingual allergen immunotherapy and

© 2020 Optometry Australia

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131,

Immunotherapy for allergic eye disease Trivedi and Katelaris

pharmacotherapy in pollen-induced seasonal allergic
rhinoconjunctivitis. BMC Med 2014; 12: 71.

Nolte H, Bernstein DI, Nelson HS et al. Efficacy of
house dust mite sublingual immunotherapy tablet in
North American adolescents and adults in a ran-
domized, placebo-controlled trial. J Allergy Clin
Immunol 2016; 138: 1631-1638.

Guez S, Vatrinet C, Fadel R et al. House-dust-mite
sublingual-swallow immunotherapy (SLIT) in peren-
nial rhinitis: a double-blind, placebo-controlled
study. Allergy 2000; 55: 369-375.

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: 434-440.

Durham SR, Yang WH, Pedersen MR et al. Sublingual
immunotherapy with once-daily grass allergen tab-
lets: a randomized controlled trial in seasonal aller-
gic rhinoconjunctivitis. J Allergy Clin Immunol 2006;
117: 802-809.

Didier A, Malling HJ, Worm M et al. Post-treatment
efficacy of discontinuous treatment with 300IR
5-grass pollen sublingual tablet in adults with grass
pollen-induced allergic rhinoconjunctivitis. Clin Exp
Allergy 2013; 43: 568-577.

Durham SR, Emminger W, Kapp A et al. SQ-
standardized sublingual grass immunotherapy: con-
firmation of disease modification 2 years after
3years of treatment in a randomized trial. J Allergy
Clin Immunol 2012; 129: 717-725 e5.

Demoly P, Emminger W, Rehm D et al. Effective
treatment of house dust mite-induced allergic rhini-
tis with 2 doses of the SQ HDM SLIT-tablet: results
from a randomized, double-blind, placebo-controlled
phase Il trial. J Allergy Clin Immunol 2016; 137:
444-451 e8.

Okubo K, Masuyama K, Imai T et al. Efficacy and
safety of the SQ house dust mite sublingual immu-
notherapy tablet in Japanese adults and adolescents
with house dust mite-induced allergic rhinitis.
J Allergy Clin Immunol 2017; 139: 1840-1848 e10.

Cox LS, Larenas Linnemann D, Nolte H et al. Sublin-
gual immunotherapy: a comprehensive review.
J Allergy Clin Immunol 2006; 117: 1021-1035.
Canonica GW, Cox L, Pawankar R et al. Sublingual
immunotherapy: world allergy organization posi-
tion paper 2013 update. World Allergy Organ |
2014; 7: 6.

Passalacqua G, Baena-Cagnani CE, Bousquet |
et al. Grading local side effects of sublingual
immunotherapy for respiratory allergy: speaking
the same language. J Allergy Clin Immunol 2013;
132:93-98.

de Groot H, Bijl A. Anaphylactic reaction after the
first dose of sublingual immunotherapy with grass
pollen tablet. Allergy 2009; 64: 963-964.

Calderon MA, Simons FE, Malling HJ et al. Sublingual
allergen immunotherapy: mode of action and its
relationship with the safety profile. Allergy 2012; 67:
302-311.

Durham SR. Sublingual immunotherapy: what have
we learnt from the 'big trials. Curr Opin Allergy Clin
Immunol 2008; 8: 577-584.

Sayed KM, Kamel AG, Ali AH. One-year evaluation of
clinical and immunological efficacy and safety of sub-
lingual versus subcutaneous allergen immunotherapy

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

145.

146.

in allergic conjunctivitis. Graefes Arch Clin Exp
Ophthalmol 2019; 257: 1989-1996.

Oykhman P, Kim HL, Ellis AK. Allergen immunother-
apy in pregnancy. Allergy Asthma Clin Immunol 2015;
11:31.

Jacobsen L, Niggemann B, Dreborg S et al. Specific
immunotherapy has long-term preventive effect
of seasonal and perennial asthma: 10-year
follow-up on the PAT study. Allergy 2007; 62:
943-948.

Valovirta E, Petersen TH, Piotrowska T et al. Results
from the 5-year SQ grass sublingual immunotherapy
tablet asthma prevention (GAP) trial in children with
grass pollen allergy. J Allergy Clin Immunol 2018; 141:
529-538 e13.

Kiel MA, Roder E, Gerth van Wijk R et al. Real-life
compliance and persistence among users of subcu-
taneous and sublingual allergen immunotherapy.
J Allergy Clin Immunol 2013; 132: 353-360.e2.

Savi E, Peveri S, Senna G et al. Causes of SLIT dis-
continuation and strategies to improve the adher-
ence: a pragmatic approach. Allergy 2013; 68:
1193-1195.

Vita D, Caminiti L, Ruggeri P et al. Sublingual immu-
notherapy: adherence based on timing and monitor-
ing control visits. Allergy 2010; 65: 668-669.

Pitsios C, Dietis N. Ways to increase adherence to
allergen immunotherapy. Curr Med Res Opin 2019;
35:1027-1031.

Meadows A, Kaambwa B, Novielli N et al. A system-
atic review and economic evaluation of subcutane-
ous and sublingual allergen immunotherapy in
adults and children with seasonal allergic rhinitis.
Health Technol Assess 2013; 17: 1-322.

Nelson H, Blaiss M, Nolte H et al. Efficacy and safety
of the SQ-standardized grass allergy immunotherapy
tablet in mono- and polysensitized subjects. Allergy
2013; 68: 252-255.

Demoly P, Passalacqua G, Pfaar O et al. Manage-
ment of the polyallergic patient with allergy immu-
notherapy: a practice-based approach. Allergy
Asthma Clin Immunol 2016; 12: 2.

Yukselen A, Kendirli SG, Yilmaz M et al. Effect of one-
year subcutaneous and sublingual immunotherapy
on clinical and laboratory parameters in children
with rhinitis and asthma: a randomized, placebo-
controlled, double-blind, double-dummy study. Int
Arch Allergy Immunol 2012; 157: 288-298.

Khinchi MS, Poulsen LK, Carat F et al. Clinical efficacy

of sublingual and subcutaneous birch pollen
allergen-specific immunotherapy: a randomized,
placebo-controlled, double-blind, double-dummy

study. Allergy 2004; 59: 45-53.

Nelson H, Cartier S, Allen-Ramey F et al. Network meta-
analysis shows commercialized subcutaneous and sub-
lingual grass products have comparable efficacy.
J Allergy Clin Immunol Pract 2015; 3: 256-266 €3.
Durham SR, Penagos M. Sublingual or subcutaneous
immunotherapy for allergic rhinitis? J Allergy Clin
Immunol 2016; 137: 339-349 e10.

Bonini S, Sgrulletta R, Coassin M et al. Allergic con-
junctivitis: update on its pathophysiology and per-
spectives for future treatment. In: Pawankar R,
Holgate ST, Rosenwasser L) (eds). Allergy Frontiers:
Clinical Manifestations. Tokyo: Springer Japan, 2009;
25-48.

Clinical and Experimental Optometry 2020

15



	 Presentation, diagnosis, and the role of subcutaneous and sublingual immunotherapy in the management of ocular allergy
	Immunopathology of allergic eye disease and the role of allergens
	Immunopathogenesis of seasonal and perennial allergic conjunctivitis
	Immunopathogenesis of vernal and atopic keratoconjunctivitis

	Clinical overview of allergic eye disease
	Allergic conjunctivitis
	Vernal keratoconjunctivitis
	Atopic keratoconjunctivitis
	Differential diagnoses

	Diagnosis of allergic eye disease
	History and clinical presentation
	Physical examination
	Multidisciplinary approach to diagnosis and investigation
	Supportive diagnostic tools and investigations for allergic eye disease
	ALLERGY TESTING


	Management of allergic eye disease
	Allergen immunotherapy
	Subcutaneous immunotherapy
	AVAILABILITIES AND ADMINISTRATION
	DOSING
	SAFETY

	Sublingual immunotherapy
	DOSING AND ADMINISTRATION
	SAFETY


	Practical points of allergen immunotherapy
	Polysensitised patients and allergen mixtures
	SLIT versus SCIT

	Conclusion
	REFERENCES


