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Abstract

Background: Allergic rhinitis (AR) is an inflammatory disease of the nasal mucosa impacting up to 25% of Canadians.
The standard of care for AR includes a treatment plan that takes into account patient preferences, the severity of the
disease, and most essentially involves a shared decision-making process between patient and provider.

Body: Since their introduction in the 1940s, antihistamines (AHs) have been the most utilized class of medications
for the treatment of AR. First-generation AHs are associated with adverse central nervous system (CNS) and
anticholinergic side effects. On the market in the 1980s, newer generation AHs have improved safety and efficacy.
Compared to antihistamines, intranasal corticosteroids (INCS) have significantly greater efficacy but longer onset
of action. Intranasal AH and INCS combinations offer a single medication option that offers broader disease
coverage and faster symptom control. However, cost and twice-per-day dosing remain a major limitation. Allergen
immunotherapy (AIT) is the only disease-modifying option and can be provided through subcutaneous (SCIT) or
sublingual (SLIT) routes. While SCIT has been the definitive management option for many years, SLIT tablets (SLIT-T)
have also been proven to be safe and efficacious.

Conclusion: There is a range of available treatment options for AR that reflect the varying disease length and
severity. For mild to moderate AR, newer generation AHs should be the first-line treatment, while INCS are mainstay
treatments for moderate to severe AR. In patients who do not respond to INCS, a combination of intranasal AH/INCS
(AZE/FP) should be considered, assuming that cost is not a limiting factor. While SCIT remains the option with the
most available allergens that can be targeted, it has the potential for severe systemic adverse effects and requires
weekly visits for administration during the first 4 to 6 months. SLIT-T is a newer approach that provides the ease of
being self-administered and presents a reduced risk for systemic reactions. In any case, standard care for AR includes a
treatment plan that takes into account disease severity and patient preferences.

Keywords: Allergic rhinitis, Pharmacotherapy, Antihistamines, Nasal steroids, Leukotriene receptor antagonists,
Allergen-specific immunotherapy, Combination therapy, Treatment algorithm

Background
Allergic rhinitis
Allergic rhinitis (AR) is an IgE-mediated inflammatory
disease of the nasal mucosa, triggered by exposure to
airborne allergens. It is estimated to afflict almost 25%
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allergic disease progression known as the atopic march
[2]. Symptoms primarily include rhinorrhea, nasal
blockage, and sneezing, though ocular symptoms can
also occur. In Canada, AR tends to be classified as either
seasonal (SAR) or perennial (PAR) [3].

Standard of care for AR includes a treatment plan that
considers patient preferences, the severity of the disease,
and most essentially involves a shared decision-making
process between patient and provider. Diagnosing AR
and finding a care plan should consist of in-depth patient
history, physical exam, and skin test to confirm allergies
[4]. The patient’s history should include evaluating
nasal and ocular symptoms such as rhinorrhea, nasal
itching, sneezing, allergic conjunctivitis, and nasal
congestion [3, 4]. The timing of the onset of symptoms
is essential in determining which allergens are suspect. A
comprehensive review of concomitant medications such
as nonsteroidal anti-inflammatory drugs, angiotensin
converting enzyme (ACE) inhibitors, beta-blockers,
and intranasal decongestants helps diagnose or rule
out other causes of rhinitis [5]. Concomitant atopic
diseases such as asthma must be assessed as up to 40%
of patients with allergic rhinitis, also have asthma [6].
A family history of atopic disease is a strong predictor
that supports a diagnosis of AR and is important to
include in the patient’s history [7]. A physical exam,
including evaluating the nasal mucosa for swelling and/
or nasal polyps and an oropharynx exam for signs of
postnasal drip, are both useful. A simple observation
of the patient is valuable in finding signs of AR, such as
observing for allergic shiners, mouth breathing, throat
clearing, and transverse nasal crease. Skin and chest
exams are important diagnostic tools to look for other
atopic diseases such as eczema and asthma. Although
a thorough history and physical exam are useful, there
is no one specific finding that is pathognomonic for
allergic rhinitis [4]. Therefore, skin prick testing (SPT) for
suspect aeroallergens should be performed. SPT is quick,
inexpensive, and a minimally invasive way to confirm or
rule out allergies [4, 5]. In vitro specific IgE testing may be
used where SPT is not available or when it is not feasible
due to eczema, dermatographism, or if the patient is
unable to stop medications with antihistaminic activity.
Before deciding on pharmacotherapy or immunotherapy,
all patients must be provided information on how to
reduce or eliminate exposure to their allergens [5].

The standard treatment algorithm for AR begins with
allergen avoidance [4]. Patients are encouraged to limit
exposure to relevant allergens by taking precautionary
measures, such as closing windows to prevent pollen
entry, maintaining humidity <40% in homes to prevent
dust mite and mold growth, and/or using high-efficiency
particular air (HEPA) filters to remove animal dander
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from the air. If symptoms persist despite avoidance
strategies, newer generation oral antihistamines (AHs)
are the first-line pharmacologic option. They are the most
commonly used treatment method for AR, being safe,
and efficacious. Intranasal corticosteroids (INCS) are
also recommended as first-line treatments, and in fact,
show greater efficacy than AHs. Combination intranasal
therapies featuring antihistamines and corticosteroids
also exist, such as azelastine hydrochloride/fluticasone
propionate (AZE/FP) and can provide more significant
relief. Patients who remain symptomatic despite INCS
or combination therapies, or those who do not wish to
stay on such treatments on a long term basis, or pediatric
patients in whom primary prevention of the development
of asthma symptoms is a priority [8, 9], should be offered
allergen-specific immunotherapy (AIT). AIT is the only
disease-modifying option and can be provided through
subcutaneous (SCIT) or sublingual (SLIT) routes. While
SCIT has been the definitive management option for
many years, SLIT tablets (SLIT-T) have also been proven
to be safe and efficacious. This review aims to present
the facts and recommended guidelines for the treatment
algorithm of AR.

Oral antihistamines

For decades, AHs have been the most utilized class
of medications for the treatment of AR. AHs are
inverse agonists; that is, they target H1 receptors (H1
antihistamines) at binding sites that are different from
those of histamine [10]. There are two generations of
oral antihistamines (first-, and newer-generation AHs),
with newer-generation AHs being an improvement
of their predecessor. First-generation AHs, such as
diphenhydramine are associated with adverse central
nervous system (CNS) side effects, including sedation
and mental impairment, as well as anticholinergic side
effects such as dry mouth, dry eyes, urinary retention, and
constipation [11]. Newer generation Hl-antihistamines
are safer than first-generation agents and should be the
first-line antihistamines for the treatment of allergic
rhinitis [12]. However, for reasons that are discussed
elsewhere, both patients and practitioners continue to
select first-generation AHs [13]. This section aims to
review the recognized risks of first-generation AH and to
explore recent advances in newer generation AHs.

Adverse effects of first-generation AHs

The adverse effects associated with first-generation AHs
have been reported since their introduction in the 1940s
[14]. Currently, it is well-known that these drugs have
poor receptor selectivity and can bind non-selectively to
several receptors in the body, including antimuscarinic-,
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anti-serotonin-, and anti-a-adrenergic receptors as well
as cardiac potassium channels [15].

First-generation AHs can also cross the blood-
brain barrier (BBB) and bind H1-receptors on neurons
throughout the CNS and, therefore, may cause
drowsiness, sedation, somnolence, and fatigue leading
to impairment of cognitive function, memory, and
psychomotor performances [16]. The strong sedative
qualities of older, first-generation AHs are why they are
used as sleep aids. Paradoxically, the same dose is utilized
to promote sleep as is used to relieve rhinitis symptoms
[13].

Long-term, randomized, controlled studies of the safety
of first-generation antihistamines are limited. However,
many studies outline the association of these drugs with
transportation-related injuries and fatalities. A recent
review of toxicology tested profiles from 6677 fatally
injured civil aviation pilots in the US from 1990 to 2012.
In this study diphenhydramine was the most common
drug found on autopsy capable of causing impairment
(7.3%) [17]. As a result, first-generation AHs are now
banned for use by commercial and military pilots before
or during flights [12].

The CNS effects of first-generation AHs resemble
and exacerbate those produced by alcohol and by
other CNS-active chemicals. It may not be surprising,
then, that diphenhydramine and other first-generation
antihistamines are common drugs of abuse [18]. Infants
and children who experience accidental or intentional
overdose may present with paradoxical excitation,
including irritability, delirium, respiratory depression,
and coma [16, 18, 19].

Cardiac toxicity was previously an under-recognized
risk of first-generation AHs. Diphenhydramine
and hydroxyzine interfere with cardiac potassium
channels involved in action potential repolarization.
As a consequence, these drugs may cause dose-related
prolongation and a form of polymorphic ventricular
dysrhythmia called ‘torsade de pointes’ [20-22].

Safety of newer generation AHs

Newer generation antihistamines came on the Canadian
market in the 1980s. These newer non-sedating AHs
were developed to be less soluble, limiting their ability
to penetrate the BBB [15]. Since their introduction,
many randomized controlled clinical trials, including
off-label trials, have evaluated their safety. Prescription-
event monitoring studies in England comparing the risk
of drowsiness and sedation between newer-generation
antihistamines involving thousands of allergic individuals
have proven there is a low risk of sedation for cetirizine,
desloratadine, fexofenadine, levocetirizine, and loratadine
[23, 24]. Even accidental exposures of up to 30-fold
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ingestions of cetirizine, loratadine, and fexofenadine did
not result in any serious adverse events [25, 26].

It is worth mentioning that two second-generation
AHs, astemizole and terfenadine, have been associated
with prolonged cardiac AT intervals and “torsade de
pointes” at high doses. This was a specific issue with
these compounds and are not representative of a class
effect of second-generation agents. Both drugs have been
off the market for over 20 years [12].

Efficacy of first-generation AHs vs. newer generation

It is a misconception that older AHs have a faster onset
of action than newer agents. In a double-blind placebo-
controlled trial comparing cetirizine and loratadine to
chlorpheniramine (a first-generation AH), both cetirizine
and loratadine were found to have a significantly faster
onset and a longer duration of action [27].

Many well-powered randomized, double-blind,
placebo-controlled clinical trials have compared the
efficacy of newer generation antihistamines [28-33].
Studies using the Environmental Exposure Unit (EEU)
have shown that cetirizine and terfenadine have superior
efficacy over loratadine and astemizole [33]. Likewise,
cetirizine significantly reduces symptoms compared
to both loratadine and placebo, with an onset of action
of 60 min [29]. Cetirizine and fexofenadine, both OTC
antihistamines, have been further examined in the EEU.
In these studies, cetirizine had a longer duration of action
than fexofenadine [32, 34].

New advances in antihistamines available on the
Canadian market have focused on rupatadine and
bilastine. Rupatadine is a novel substance which, in
addition to being an H1 antagonist, is also a potent
platelet-activating factor (PAF) inhibitor [35]. A
randomized, placebo-controlled, double-blind study
was conducted at four medical institutions in Japan
[36]. Nine hundred patients were randomly assigned to
placebo, rupatadine 10 mg, or rupatadine 20 mg. The
rates of adverse effects were 6.6%, 14.1%, and 15.0%
for placebo, rupatadine 10 mg, or rupatadine 20 mg,
respectively. Somnolence was most frequently reported
in rupatadine 20 mg (7.3%) and rupatadine 10 mg (7.0%)
[36]. There have been several studies comparing the 10-
and 20-mg doses of rupatadine with the approved daily
doses of ebastine, levocetirizine, and cetirizine showing
rupatadine to be beneficial [37-39].

Bilastine is another newer generation antihistamine
that is highly selective for the H1 receptor, has a fast
onset of action and a long duration of action. In a double-
blind, randomized, placebo-controlled, balance four-
treatment, four-period crossover phase II study using
the Vienna Challenge Chamber, the efficacy of bilastine
(20 mg), cetirizine (10 mg) and fexofenadine (120 mg)
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to relieve SAR symptoms were compared [40]. All
treatments were significantly more effective (p<0.001)
than placebo in reducing total nasal symptom score
(TNSS), without significant difference between the three
antihistamines during the first 4 h after administration.
Bilastine at 20 mg was as effective as cetirizine 10 mg
and fexofenadine 120 mg in terms of onset of action and
in reducing eye symptoms 1 h after the intake. Bilastine
was still effective 26 h after the intake, confirming the
prolonged duration of action [40].

In summary, first generation antihistamines are no
longer recommended for the treatment of allergic
rhinitis [13]. Newer agents such as cetirizine, loratadine,
desloratadine, fexofenadine, rupatadine and bilastine
have all demonstrated superior efficacy over placebo with
an enhanced side effect profile, and should be chosen
as first-line agents for AR. A summary of these newer
agents for clinical use can be seen in Table 1.

Intranasal antihistamines
One concern regarding oral antihistamines (OAHs) is
the possibility that OAHs cannot reach high enough
concentrations in the nasal mucosa following oral
administration to inhibit histamine-stimulated cytokine
release and other mediators of early- and late-phase
allergic reactions. [41] Intranasal antihistamines (INAHs)
ensure drug delivery to the nasal mucosa, enhancing
local anti-allergic and anti-inflammatory effects while
minimizing systemic exposure to therapy [42]. The
2016 ARIA guidelines recommend using intranasal
antihistamines (e.g., olopatadine, and levocabastine) in
intermittent but not persistent AR [3]. While azelastine
(AZE) is the most well-studied INAH, it is not available
in Canada. However, levocabastine hydrochloride nasal
spray (LEVO), another INAH, is available in Canada
(see Table 1 for clinical usage information) and has
shown to be equivalent to AZE in terms of efficacy and
safety. In a recent multicenter, randomized, double-
blind, parallel-group trial, 244 patients with moderate-
to-severe allergic rhinitis were randomized to receive
either AZE (0.1%) or LEVO for 14 consecutive days.
Statistically significant changes from baseline in TNSS
were seen in both treatment groups. No significant
differences were seen between the two groups in terms
of evaluation of therapeutic effect, total effective rate, and
onset of action, except for a higher symptom relief rate
in the LEVO group than the AZE group within 30 min of
administering the first dose. Adverse reactions were mild
to moderate, with an incidence of 0.9% for LEVO and
2.5% for AZE [43].

In short, while intranasal antihistamines are safe and
effective, only one is available in Canada and is often hard
to obtain currently.
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Intranasal corticosteroids

ARIA guidelines recommend INCS as the best option for
both mild and moderate to severe AR in both children
and adults [3]. INCS inhibit the early and late-phase
allergic in AR by preventing the recruitment of immune
cells, and the release of inflammatory mediators from
cells involved in the pathophysiology of AR [44-46].
Many INCS have been approved since the introduction
of beclomethasone in the late 1970s [47]. All of the
INCS currently available are efficient in controlling
symptoms of AR, such as nasal congestion and itching,
rhinorrhea, and sneezing [48]. To differentiate products
involves factors such as cost, ease of dosing, and sensory
issues, such as aroma and taste, which can affect patient
preference [49]. As will be described in more detail
below, the significant disadvantages of INCS are patient
adherence and the length of time they take to reach
maximal effect [50].

Safety of intranasal corticosteroids

INCS are less likely to display the systemic effects of oral
steroids such as growth suppression, and ocular effects,
due to reduced exposure and lower bioavailability.
However, INCS are associated with mild to moderate
local adverse effects. These include, epistaxis, nasal
drying, burning, and stinging sensations [51].

The ability of INCS to suppress bone growth is
controversial. Measurement of the hypothalamic—
pituitary—adrenal (HPA) axis function is a sensitive
way to evaluate the potential systemic effects of INCS.
Using this method, a 1-year study showed that the use
of beclomethasone dipropionate aqueous nasal spray
twice daily resulted in significant suppression of growth
in children compared with placebo [52]. Similar studies
have shown no suppression of bone growth in children
after 1 year of treatment with the recommended
pediatric dose of mometasone furoate aqueous spray [52]
or with budesonide [53]. It is important to recognize that
additive exogenous steroid effects on the HPA axis can
occur when INCS treatment accompanies concurrent
INCS or other topical corticosteroids [54].

The literature examining the risk of development of
glaucoma and/or cataracts from the use of INCS is also
complex and controversial. While it is clear that inhaled
and oral corticosteroid use is associated with high long-
term risks of cataract development [55], the potential risk
of cataracts with the use of nasal corticosteroids is more
complex. Recently, a systematic review assessed whether
the use of INCS is associated with increased intraocular
pressure (IOP) above 20 mm Hg, glaucoma, or formation
of posterior subcapsular cataracts in adult patients with
rhinitis [56]. A total of 484 studies were identified with
10 randomized controlled trials meeting the inclusion
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criteria. Meta-analysis of 2226 patients revealed that
the use of INCS is not associated with a significant risk
of elevating IOP or developing a posterior subcapsular
cataract in patients with allergic rhinitis. The absolute
increased incidence of elevated IOP in patients using
INCS compared to placebo was 0.8% (95% CI O to 1.6%).
There were zero cases of glaucoma in both placebo and
INCS groups at 12 months [56]. Future studies should
formally evaluate for glaucoma rather than use IOP
measures as a surrogate.

Efficacy of intranasal corticosteroids

Compared to placebo and antihistamines, INCS
have significantly greater efficacy [57]. This is further
demonstrated in a systematic review comparing the
efficacy of INCSs and OAHs that analyzed 5 controlled
trials with a total of 990 patients. INCS were superior
to OAHs in improving total nasal symptoms score and
in relieving nasal obstruction, rhinorrhea, nasal itching,
sneezing, and quality of life mean difference. However,
there was no difference in relief of ocular symptoms [58].
Similarly, Carr et al., compared the efficacy of AZE and
fluticasone propionate (FP) in SAR via a post hoc analysis
of data from a previously published direct-comparison
study. FP was superior to AZE in alleviating rhinorrhea
but AZE showed comparable efficacy for all other nasal
and ocular symptoms. However, more patients treated
with AZE achieved a 50% reduction from baseline in
their ocular symptoms by day 14 compared with patients
in the FP group and achieved this response up to 3 days
earlier than FP [59].

To summarize, INCS are mainstay treatments for
moderate to severe allergic rhinitis. All Health Canada
approved products are generally safe and effective,
and should be used with consideration to formulation,
delivery device preferences and out of pocket costs to the
patient (summarized in Table 1).

Leukotriene receptor antagonists

The other major therapeutic class of drug indicated for
AR therapy are the leukotriene-receptor antagonists
(LTRAs). LTRAs block the activity of cysteinyl
leukotrienes (CysLTs), a potent inflammatory mediator
associated with nasal congestion, mucus production,
and inflammatory cell recruitment responsible for AR
symptoms [60]. Currently, the only LTRA available
in Canada is montelukast (see Table 1). The current
ARIA guidelines recommend an LTRA or an OAH
for use in patients with SAR. It is also mentioned that
the choice of and LTRA or OAH will mostly depend
on patient preferences and local availability and cost
of specific medications (conditional recommendation,
moderate certainty of evidence). In patients with PAR,
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the guidelines suggest an OAH rather than a LTRA
(conditional recommendation, low certainty of evidence)
[3]. When compared with placebo, montelukast improves
the disease-specific quality of life of patients with
persistent AR [61]. In a 32-week randomized, placebo-
controlled crossover study in patients with persistent
AR, antihistamine treatment alone or in combination
with montelukast was compared. Montelukast, alone or
in combination with an antihistamine, gave a gradual
increase in nasal symptom improvement within 6 weeks
of treatment [62]. Similar results have been shown in
patients with seasonal AR [63]. More recent studies have
suggested the presence of neuropsychiatric side effects
with the use of montelukast, and as such, the U.S. Food
and Drug Administration has discouraged its use as a
first-line therapy for mild AR [64].

Intranasal antihistamine and intranasal corticosteroid
combination

It is evident that no single medication class is without
limitations (Table 1). The 2016 update of the ARIA
guidelines does suggest (with low to moderate certainty)
that combination treatment with an OAH or INAH
and an INCS may be appropriate for patients with SAR
[3]. Indeed—the concurrent use of an INCS and INAH
has provided benefits over monotherapy in patients
with moderate-severe SAR [65]. However, there are
disadvantages to this approach, including a negative
impact on concordance [66], increased runoff both
posteriorly and anteriorly [67], and nonhomogeneous
distribution of active agents on the nasal mucosa [68].
Thus, there is an obvious need for a single medication
option which offers broader disease coverage, and faster
symptom control.

Combining an INAH and an INCS, AZE/FP is a novel
formulation in a single spray. There are many benefits
to AZE/FP. Patients benefit from the additive effects
that result from the different primary mechanisms of
action of each drug (AZE and FP) and there is possible
improvement in adherence to therapy by delivering the
two agents in a single device [67]. Moreover, the single
spray application provides more uniform distribution
and greater retention in the nasal cavity than sequential
sprays of AZE and FP [68]. Perhaps the most significant
disadvantage to AZE/FP is that it requires twice per day
dosing.

The efficacy and safety of AZE/FP have been assessed
in several controlled clinical studies. One 14-day SAR
study compared AZE/FP with formulation- and device-
matched AZE and FP [69]. The AZE/FP combination
provided greater overall nasal symptom relief than either
FP, AZE, or placebo. More AZE/FP-treated patients
achieved a 50% reduction in their overall nasal symptom
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burden. They did so many days earlier than those treated
with FP or AZE. The combination had an onset of action
of 30 min, and the clinical benefit was observed during
the first day of assessment and sustained over the entire
course of treatment [69]. AZE/FP was also compared to
commercially available FP (Flonase generic) and AZE
(Astelin®), respectively. The treatment difference was
more considerable. When nasal and ocular symptoms
were combined, AZE/FP was more than twice as effective
as either FP or AZE. Likewise, patients reached a 50%
reduction in their overall nasal symptom burden one
week faster than those treated with FP or AZE [70].
The long-term safety of AZE/FP has been evaluated in
subjects with PAR or vasomotor rhinitis. There were no
safety findings that would preclude the long-term use of
AZE/FP in the treatment of allergic rhinitis [71].

In patients who do not respond to INCS, a combination
INAH/INCS should be considered, assuming cost is not
prohibitive to the patient.

Allergen specificimmunotherapy

AIT is a treatment that provides the potential for long-
term relief from AR [72]. It includes subcutaneous and
sublingual methods of administration. As a potentially
disease-modifying therapy, it is surprisingly often the
last treatment option for patients whose symptoms are
ill-managed by the traditional pharmacologic therapies,
despite showing evidence for primary use. Indeed, it
is an option for patients who have not responded to
standard pharmacotherapy or those who wish to avoid
the use of pharmacotherapy on a long-term basis. Factors
such as adherence and comorbid conditions should
be considered with young patients, as well as in the
elderly. While there is evidence to support the efficacy
of AIT in both populations, an individual assessment
of the applicable risks and benefits should be taken into
consideration. Contraindications for AIT in treatment
for AR include patients with severe and uncontrolled
asthma, comorbid heart conditions (such as high blood
pressure), which require that use of beta-blockers, and
caution should be used in the setting of concomitant
ACE inhibitor therapies. The initiation of AIT during
pregnancy is contraindicated due to the theoretical
increased risk of anaphylaxis, though the continuation of
therapy appears to be safe [73].

Protective effects from AR symptoms can be sustained
for up to 2 years after 3 years of AIT, regardless of
modality [74]. While a patient may be determined to be
polysensitized to allergens through a skin prick test, AIT
is suggested only for the allergens which manifest clinical
symptoms. However, the presence of polysensitization
does not limit the clinical benefit of the AIT being given
to the seasonally or perennially relevant allergen [75-79].
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Subcutaneous immunotherapy

SCIT, known colloquially as “allergy shots’, is the classic
method of providing AIT, featuring the injection of
allergen underneath the skin of the upper arm. These
injections are composed of diluted allergen extracts
combined with phenol and glycerin preservatives [80].
SCIT involves a “build-up” phase, where increasing
doses of allergen are given on a regular (usually weekly)
basis until a determined effective dose is reached,
which has been shown in clinical trials to be associated
with the development of immunological tolerance. The
maintenance phase follows, during which the patient
continues to receive regular monthly injections. The
Canadian Society of Allergy and Immunology has
published an Immunotherapy Manual with the suggested
effective doses to include in the maintenance dose [81].
The conventional treatment typically ranges from 3 to
5 years until patients note long-term symptom reduction
or elimination, at which point, treatment is often
stopped.

The efficacy of SCIT has been well-established for
many allergens, including house dust mite [82], birch
pollen [83], Timothy grass [84], and rye grass [85].
Adverse effects can occur with this treatment. Local
adverse reactions are common in 26-86% of patients
[85], and may include redness, irritation, or swelling at
the site of injection, and can be managed through the use
of oral antihistamines, topical corticosteroids, and ice
packs applied at the site immediately following injection.
The occurrence of systemic adverse reactions in patients
undergoing SCIT ranges from 1 to 4% [81], observed
typically within 30 min post-injection. The presentation
of systemic reactions can vary from mild to severe,
including anaphylaxis, classified as a Grade 1-5 system
[86]. In an 8-year North American surveillance study, two
fatalities as a result of adverse reactions were reported
[87]. Due to the risk of systemic reactions associated
with SCIT and the specialized route of administration, it
must be administered in a physician’s office with rescue
equipment readily available. A monitoring period of at
least 30 min is required to ensure no complications as a
result of treatment, and/or treat any complications that
do ensue.

SCIT can be administered as the complete 3-5 year
protocol or pre-seasonally. Pre-seasonal SCIT is a shorter
course of treatment taken a few weeks before the start of
the pollen season, offering short-term disease protection.
The injections typically feature an aluminum hydroxide
or microcrystalline tyrosine adjuvant to enhance the
antigen-specific immune response [88]. If not followed
up with traditional AIT treatment, the benefit of pre-
seasonal SCIT is not long-lasting and would need to be
re-administered annually. In a randomized, double-blind,
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placebo-controlled study, Mosges et al. investigated the
safety and efficacy of a short course grass allergen SCIT
pre-seasonal schedule. Over 3 weeks, 554 participants
received 8 injections of either placebo or increasing
grass allergen extract. The participants recorded a
combined symptom and medication score throughout
the pollen season and completed the standardized
Rhinoconjunctivitis Quality of Life Questionnaire [89]
before and during the pollen season. It was found that
92% of the participants completed treatment, and from
this, it can be seen that short-course treatment before the
onset of the pollen season was effective at reducing the
symptoms of the patients [90].

While SCIT has proven to be beneficial in AR
treatment, it is only received by 2—9% of affected patients
in the US [91]. Practical challenges include weekly visits
to the doctor’s office, a minimum 3-year treatment
period, significant local reactions, and the potential for
severe or possibly fatal systemic adverse reactions lead
many patients to discontinue this treatment option.
While SCIT remains the best option for definitive relief
to date, novel techniques have been developed to further
the options available for the treatment of AR.

Sublingual immunotherapy

SLIT is a newer immunotherapeutic approach, requiring
no injections, and instead involves the dissolution of
allergen extract under the tongue, taken once daily for
an extended period. The allergen extract is standardized
and compressed into a tablet and can even be in aqueous
form as drops; however, the latter approach has not been
standardized nor approved by governing bodies, such
as the FDA and Health Canada. In Canada, the current
SLIT tablet (SLIT-T) options include Oralair® (5 grass
pollens), Grastek® (timothy grass pollen), Ragwitek®
(short ragweed pollen), and Acarizax® (house dust mite
bodies and feces) (Table 2) [92]. The advantages of this
treatment include convenience, as it can be administered
at home, except for the first dose, which requires
physician supervision, and a significantly reduced risk
of severe systemic effects. Due to the self-administrative
nature of SLIT-T, physicians need to provide patients
with clear directives before starting treatment. Important
instructions include: avoid eating and drinking for at
least 5 min before and after administration, the treatment
should be stopped for dental work or if open sores
are present in the mouth, do not double up on doses
that have been missed, and return to the clinic if 14
consecutive doses are missed.

The use of SLIT has been characterized for use in grass
pollens [93], ragweed [79], and other allergens [94]. The
efficacy of SLIT is similar to that of SCIT. In a systematic
review by Elliott et al., it was found that in comparison
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to placebo, SCIT and SLIT were both more effective
than placebo, and resulted in similar quality of life scores
[95]. In a recent evaluation of AIT in patients afflicted
with allergic conjunctivitis, significant improvements
(p<0.05) were seen clinically, though no significant
difference was observed between the SCIT and SLIT
modes of administration [96]. The use of dual allergen
SLIT tablets (grass and ragweed) are well tolerated
[97]. In an investigation by Ortiz et al., the use of single
allergen and multiallergen SLIT was investigated in
polysensitized patients. While symptom scores decreased
with treatment, no significant differences were observed
between the number of allergens included in the
treatment regimen [98].

In comparison to SCIT, SLIT has a less worrisome
safety profile, as systemic reactions are rare, and no
fatalities have been reported. Adverse local reactions
are common for the first 2 weeks of treatment, often
localized to the oral cavity, and have been seen to
subside within 30 to 60 min [99]. Both SCIT and SLIT
are disease-modifying, with effects persisting for years
after treatment [74, 100]. Treatment for less than
2 years has been found not to provide protective effects,
whereas, at 1 year of treatment, SCIT appears to be
more beneficial than SLIT. Importantly, however, after
2 years of treatment, the symptomatic effects of both
methods are equal [101]. Thus, AITs require a minimum
time commitment of 3 years (Fig. 1), an important
consideration for patients considering this treatment
option. In an investigation of the costs associated with
a 3-year house dust mite AIT treatment in Canada,
while SCIT had a lower upfront cost, the total savings
were more considerable with SLIT [102]. Similarly,
Ellis et al. investigated whether Timothy grass SLIT
treatment would confer protection against birch pollen
AR. In assessing symptom scores, no significance was
established, suggesting that SLIT is allergen specific
[103].

The future of AIT

Within the past decade, there have been different
immunotherapy techniques that have come under
investigation, such as intralymphatic immunotherapies
(ILIT). ILIT proposes the injection of allergens directly
into lymph nodes guided by ultrasound. In the literature,
this technique thus far appears to be safe, effective, and
requires a lesser time commitment, however, it has not
yet been standardized or approved for clinical use. [104].

Conclusion

There is a range of available treatment options for AR
that reflect the varying disease length and severity. The
standard treatment algorithm begins with allergen



Page 12 of 17

(2020) 16:39

Hossenbaccus et al. Allergy Asthma Clin Inmunol

Ajrep
19|9e1 Ng 008¢ 2UO
polad uoleAlasqo

UIW-0€ e yum ueniskyd
pasualadxa ue
4O uolsiAJadns a9yl
Japun pasaisiuiupe

90 P|NOYS 950p 15114
uoseas ay3
1noybnolyy urelutew
pue uosess uajjod sselb
91 21042Q $HIM 8
1583| 18 3q P|NOYs

Alined

|BJO 94} Ul SUOIIPUOD
Al0o1eUIWIEYUI DAIDY
SI20|g-¢

(uaippiy>

Ul 9508 > ‘JusWiean

o1bojodewseyd 1aye

%0, > LA3H) ewyise
DIUOIYD 242A35/3|GrISUN

Adessyrounwwl

sselb pajefal Jo Aylowl|

01 UOI1DB3) DIUIRISAS
213/ pey A|snoinaid

uoleIe|
Bulinp asn 10j s|qejieAe
3Je elep [edIUID ON

Adesayrodewueyd
[BUOIIUSAUOD
01 anIsuodsaiun
asuaivid
wnajyq 01 2111 36|
oy1ads aAnIsod Jo/pue
1531 21d UIS 9AISOd
suoseas uajjod omy
15e3] 1B 10) swoldwAs
1ueASR A||e1uID
P|O Sie3A G9—G UdaMIag
gy paonpul

g Jeak ay1 buunp USWIOM SyusIpalbul ua|jod sseib paiejai
awi Aue Je paleniul jueubaud ul pareniul [eUIPaW-UOU Aue pue AYlowi] [euoseas (asuarpid
UOIE1LI 1ROIY | 90 UPD JUDUIIBRI] 4 NVF 0087 99 10U P|NOYS Juduieal] 01 9AIIsuasIadAH SI9ASS 01 91RISPON winajyd) sseib Ayrowi | @I9IseID
SUOseas
93143 Ja)je uas s
Juawanolduwil ou Ji
SNURUODSIP i(P|o Sieak
05-81) stuaned ynpe Jo4 uonewweyul [eJQ
uoseas ay3 (s19oueD)
1noybnolyy pauleiujew saseas|p Jueubie|y
pue uosess usjjod ay3 95B3SIP SUNWWIOINe saidesayiodeweyd
JO 195U0 3Y3 210§3G 10 Aouadysp [BUOIIUSAUOD
Syuow { paieniul auNWWI 31935 01 anIsuodsaiun (asuarpid
9 P|NOYS 1uawieal| %0/ > LA3H) uajjod winajyd) sseib Ayrowi|
Juswiea] BWIYISE 3|qRISUN/DI9ASS sselb anadpog 03 a1 (sisuaipid
JO pUR 3y [13UN Y] siouqiyul 3Dy 361 dyipads aapisod pue D0O) sseib mopealy
00€ X | 4o bunsisuod SI1920(q-¢ 1591 32ud UIYS 9AIISO  (auuasad winyjo7) sseub aky
aseyd aoueuaulew Rylow ainsodxa P|O S1eRA 0G—G UdaM1ag (wnipiopo
Aq pamoj|oy (Y| pue sn1aj 3y} 03 s 1apun adualadxa suoseas uajjod omy wnyubxoyiuy)
1e0JY1 pue 001 X 2z e@ | lenuaiod aya saynsn( onoejAydeue soud uo 1583| 1B 10} paIaYNS Yy sselb [PUIaA 19aMS
Yinow ay3 01 paz||ed0o| 001 x | 1| AeQ) aseyd xdl 00€ 1yauaq [enusrod ayn paseq usbis|e syy usjjod sselb [euosess (21X 2]
Buijjems pue Buiy| uole|edsa Aep-2aIy L A+ 001 JIAjuo pasn aq pjnoys 01 ANAINISUSS dUW11X3 919A3S 0] 91RISPON $11A120() 10045202 NI=]1=3e)
usawo
suoldeay bnuq as1anpy uonessiulwpy abesoq BuisinN/aueubaig suonesipuiesjuo) suoned|pu| uojyisodwo) a3wepN 3PnNpoid

epeue) uj 3jqejieae suondo Ldesayjounwwi [enbuiigns panroidde jo Lrewwns pajieyaq ¢ sjqeL



Page 13 of 17

(2020) 16:39

Hossenbaccus et al. Allergy Asthma Clin Inmunol

syun ABJ9j|e Jusjeainbaoig .

K)AIIDR3I JO XBpPU 4

Ajrep
19[9eY WAH-0S ¢L 3U0
pouad
Bunonuow UIW-0g
e Ag pamo||o} ‘90
anbuoy 5,J0100D 2yl Ul Uaye)
10 sdij ay3 Jo Bulams 3G AJUO PINOYS 3SOP 15114
yinow ayi Jo 1eak ayy buunp
Bulbuin 1o ‘butuing ‘Buiydy Wil Aue Je paleniul
uoeILII 1e0IY | 99 Ued JUsWIeaI|
Ajiep
19|G€1 -1 B QWY ¢ SUO
poLad uoi1eAIdsqo
UIW-0€ B yum ueidisAyd
paousadxs ue
Jo uoisinIdns sy
Japun paiaisiuiwpe
99 P|NOYS 950p 15414
uoseas ayl
yinow ayx 1noybnoIy1 ueulew
4O SS2UQWINU IO Bul|]PaMS  pue uoseas uajjod sseib
S9ka pue 91 240J9q YoM §
's1ea ‘'yInow 3y Jo Buiydy 1589 1€ pPaleNIul 3G
uoneILI 1P0IY | p|NOYs JUsWIeaI|

uolede)
Bulnp asn 1oj s|qejiene

3Je e1ep [edIUl|D ON
USWIOM
1ueubaud ul pareniul

WAH-OS 71 99 10U p|NOYs Juauieal|

uoneye)
Bulinp asn 1o} s|qe|iene

3Je eiep [edIUlD ON
USWIoM
1ueubaud ul pareniul

N-lequy L 010U pjNoys 1uswieal|

S1uaIpalbul [eudIpaW
-uou ay1 01 21613y

sibeydosa oljiydoulsos

yum pasoubelp J|
A1261ns 1o Ainfur yinoy
yinow
Ul $3105 10 Bul||oms
SIX20|g-e19g
sdouip 10 ‘s19|ge31 J0ys

ABJ3||e 331w 1snp asnoy

01 UOI1DR3I SNOIA3I]
PUWILISE 3|RISUN/I9ASS

SuaIpaibul [euIpaw
-uou ay1 0121613y

A1ned

[PJO Y} Ul SUOIIPUOD
AJorewweyul sAIDY
SI1920(g-¢

sdoup Jo ‘s13|qe1

‘syo0ys ABia|je paambel
01 U018l SNOIASId

(Juswiean

dibojooewleyd Jaye

%04 > LA3H) ewyise
JIUOIYD 2I9AS/3|GRISUN

Adessyyodeweyd
[BUOIIUSAUOD 0}
dAIsuUodsalun
snuissAuoiaid q 1o
apbulp) (g 03 1111 36]
oy1ads aAnIsod Jo/pue

1591 2ud UIYS 9A1ISOd
SIIUIY 21613 e padNpuUl
-311UW 1SNp 3snoy

21935 0 91LIIPOIN

Pl0 513k 69 01 8|

Adessyyodew.eyd
[BUOIIUSAUOD
01 anIsuodsaiun
DIJOJIISIWBLID
DIsoiquiy 01 a1 30
oy1dads aAmIsod Jo/pue
1591 321d UIS 9AISOd
Suoseas uajjod omy
1583 18 10} swoldwAs
1ueAs|al AjjesiulD

IO SIEIA G901 8| DISOIQUIY) paambey 1oys

(snuissAuosard

‘g pup apulpy )

SN 1SN 9SNOH @XeZlesy

(oljofHisiwa1Ip
®v_8_>>@mx

suoieay bniq asIdAPY uonensiuIwpy

usawomm

abesoq BuisinpN/aueubaid

suoled|puleu0)

suonesipu|

uoisodwoy awep 1dnpoid

(panunuod) zajqey



Hossenbaccus et al. Allergy Asthma Clin Inmunol (2020) 16:39

Page 14 of 17

100

50

[Allergen)]

0 oo
BUILDUP PHASE
(6 MONTHS)

100

50

[Allergen])

Subcutaneous Immunotherapy
e MANTENANCEPHASE(3.S5YEARS) o

Time

Sublingual Immunotherapy

from Senti et al. (2019) [105]

TREATMENT PERIOD (3-5 YEARS)

»

Time

Fig. 1 Relative comparison of the dosing schedule for subcutaneous (SCIT), sublingual (SLIT), and intralymphatic (ILIT) immunotherapies Adapted

avoidance, followed by pharmacologic agents. For mild
to moderate AR, newer generation AHs should be first-
line treatments and preferred over older AHs, due to
better safety profiles. INCS are mainstay treatments for
moderate to severe AR, with the Health Canada approved
products proven to be safe and effective. Therefore, the
formulation, delivery device preferences, and out of
pocket costs to patients must be weighed. In patients
who do not respond to INCS, a combination of intranasal
AH/INCS (AZE/FP) should be considered, assuming
that cost is not a limiting factor. The only disease-
modifying option for patients who do not respond to or
wish to avoid long-term use of pharmacotherapy is AIT.
SCIT and SLIT-T both require a minimum three-year
treatment period to provide long-term symptom relief;
however, the mode of delivery and possible adverse
effects do differ. While SCIT remains the option with the
most available allergens that can be targeted, it has the
potential for severe systemic adverse effects and requires
weekly visits for administration during the first 4 to
6 months. SLIT-T is a newer approach that provides the
ease of being self-administered and presents a reduced
risk for systemic reactions. In any case, standard care
for AR includes a treatment plan that takes into account
patient preferences, disease severity, and is a shared
decision-making process between patient and provider.
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ACE: Angiotensin converting enzyme; AH: Antihistamine; AIT: Allergen-specific
immunotherapy; AR: Allergic rhinitis; AZE: Azelastine; AZE/FP: Azelastine
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nervous system; CysLT: Cysteinyl leukotriene; EEU: Environmental exposure
unit; FP: Fluticasone propionate; HPA: Hypothalamic pituitary adrenal axis;

ILIT: Intralymphatic immunotherapy; INAH: Intranasal antihistamine; INCS:
Intranasal corticosteroid; IOP: Intraocular pressure; LEVO: Levocabastine
hydrochloride; LTRA: Leukotriene receptor antagonist; OAH: Oral
antihistamines; PAF: Platelet-activating factor; PAR: Perennial allergic rhinitis;

SAR: Seasonal allergic rhinitis; SCIT: Subcutaneous immunotherapy; SLIT:
Sublingual immunotherapy; SLIT-T: SLIT-tablet; SPT: Skin prick testing; TNSS:
Total nasal symptom score.

Acknowledgements
The authors would like to thank Ms. Jenny Thiele and Ms. Lisa Steacy for their
support and guidance.

Authors’ contributions

LH and SL were both major contributors in writing the manuscript. SG
contributed to the introduction section and provided practical insights related
to the drug therapies. AKE designed the manuscript and provided invaluable
clinical insights. All authors read and approved the final manuscript.

Funding
Not applicable.

Availability of data and materials
Not applicable.

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests

LH, SL, and SG have no disclosures. AKE has the following disclosures that
pose no conflict of interest to the current manuscript. AKE has participated in
advisory boards for ALK Abello, AstraZeneca, Aralez, Bausch Health, Circassia
Ltd, GlaxoSmithKline, Johnson & Johnson, Merck, Mylan, Novartis, Pediapharm
and Pfizer, has been a speaker for ALK, Aralez, AstraZeneca, Boerhinger-
Ingelheim, CACME, Meda, Mylan, Merck, Novartis, Pediapharm, Pfizer, The
ACADEMY, and Takeda. Her institution has received research grants from
Bayer LLC, Circassia Ltd, Green Cross Pharmaceuticals, GlaxoSmithKline, Sun
Pharma, Merck, Novartis, Pfizer, Regeneron and Sanofi. She has also served as
an independent consultant to Allergy Therapeutics, Bayer LLC, Ora Inc. and
Regeneron in the past. The authors declare that they have no competing
interests.

Author details

! Department of Biomedical and Molecular Sciences, Queen’s University,
Kingston, Canada. 2 Department of Medicine, Queen’s University, Kingston,
Canada. > Allergy Research Unit, Kingston General Health Research Institute,
Kingston, Canada.




Hossenbaccus et al. Allergy Asthma Clin Inmunol

(2020) 16:39

Received: 22 January 2020 Accepted: 13 May 2020
Published online: 27 May 2020

References

1.

20.

Keith PK, Desrosiers M, Laister T, Schellenberg RR, Waserman S. The
burden of allergic rhinitis (AR) in Canada: perspectives of physicians
and patients. Allergy Asthma Clin Immunol. 2012. https://doi.
org/10.1186/1710-1492-8-7.

Zheng T. The atopic march: progression from atopic dermatitis to
allergic rhinitis and asthma. J Clin Cell Immunol. 2014. https://doi.
0rg/10.4172/2155-9899.1000202.

Brozek JL, Bousquet J, Agache |, et al. Allergic rhinitis and its impact on
asthma (ARIA) guidelines—2016 revision. J Allergy Clin Immunol. 2017.
https://doi.org/10.1016/jjaci.2017.03.050.

Small P, Keith PK, Kim H. Allergic rhinitis. Allergy Asthma Clin Immunol.
2018. https://doi.org/10.1186/513223-018-0280-7.

Dykewicz MS, Hamilos DL. Rhinitis and sinusitis. J Allergy Clin Immunol.
2010. https:/doi.org/10.1016/}jaci.2009.12.989.

Bergeron C, Hamid Q. Relationship between asthma and rhinitis:
epidemiologic, pathophysiologic, and therapeutic aspects. Allergy
Asthma Clin Immunol. 2005. https://doi.org/10.1186/1710-1492-1-2-81.
Wang D-Y. Risk factors of allergic rhinitis: genetic or environmental?
Ther Clin Risk Manag. 2005. https://doi.org/10.2147/tcrm.1.2.115.62907.
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. https
;//doi.org/10.1016/jjaci.2017.06.014.

Pajno GB, Bernardini R, Peroni D, et al. Clinical practice
recommendations for allergen-specific immunotherapy in children: the
Italian consensus report. Ital J Pediatr. 2017. https://doi.org/10.1186/
513052-016-0315-y.

Leurs R, Church MK, Taglialatela M. H1-antihistamines: inverse agonism,
anti-inflammatory actions and cardiac effects. Clin Exp Allergy. 2002.
https://doi.org/10.1046/}.0954-7894.2002.01314.x.

Bousquet J, Khaltaev N, Cruz AA, et al. Allergic Rhinitis its Impact

on Asthma (ARIA), update (in collaboration with the World Health

Organization, GA2LEN and AllerGen). Allergy Eur J Allergy Clin Immunol.

2008. https://doi.org/10.1111/j.1398-9995.2007.01620.x.

Simons FER, Simons KJ. Histamine and H1-antihistamines: celebrating
a century of progress. J Allergy Clin Immunol. 2011. https://doi.
org/10.1016/}jaci.2011.09.005.

Fein MN, Fischer DA, O'Keefe AW, Sussman GL. CSACI position
statement: newer generation H 1-antihistamines are safer than
first-generation H 1-antihistamines and should be the first-line
antihistamines for the treatment of allergic rhinitis and urticaria. Allergy
Asthma Clin Immunol. 2019;15:61.

Wyngaarden JB, Seevers MH. The toxic effects of anti-histaminic drugs.
J Am Med Assoc. 1951. https://doi.org/10.1001/jama.1951.0292023000
1001.

Church MK, Church DS. Pharmacology of antihistamines. Indian J
Dermatol. 2013. https://doi.org/10.4103/0019-5154.110832.

Church MK, Maurer M, Simons FER, et al. Risk of first-generation
H1-antihistamines: a GA2LEN position paper. Allergy Eur J Allergy Clin
Immunol. 2010. https://doi.org/10.1111/}.1398-9995.2009.02325 .
McKay MP, Groff L. 23 years of toxicology testing fatally injured pilots:
implications for aviation and other modes of transportation. Accid Anal
Prev. 2016. https://doi.org/10.1016/j.aap.2016.02.008.

Scharman EJ, Erdman AR, Wax PM, Chyka PA, Caravati EM, Nelson LS,
Manoguerra AS, Christianson G, Olson KR, Woolf AD, Keyes DC, Booze
LL, Troutman WG. Diphenhydramine and dimenhydrinate poisoning: an
evidence-based consensus guideline for out-of-hospital management.
Clin Toxicol. 2006;44:205-23. https://doi.org/10.1080/155636506005859
20.

Palmer RB, Reynolds KM, Banner W, et al. Adverse events associated
with diphenhydramine in children, 2008-2015. Clin Toxicol. 2019. https
;//doi.org/10.1080/15563650.2019.1609683.

Schlit AF, Delaunois A, Colomar A, et al. Risk of QT prolongation

and torsade de pointes associated with exposure to hydroxyzine:

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33

34

35.

36.

Page 150f 17

re-evaluation of an established drug. Pharmacol Res Perspect. 2017.
https://doi.org/10.1002/prp2.309.

Vigne J, Alexandre J, Fobe F, et al. QT prolongation induced by
hydroxyzine: a pharmacovigilance case report. Eur J Clin Pharmacol.
2015. https://doi.org/10.1007/500228-014-1804-9.

Sype JW, Khan IA. Prolonged QT interval with markedly abnormal
ventricular repolarization in diphenhydramine overdose. Int J Cardiol.
2005. https://doi.org/10.1016/jjjcard.2003.11.035.

Layton D, Wilton L, Boshier A, Cornelius V, Harris S, Shakir SAW.
Comparison of the risk of drowsiness and sedation between
levocetirizine and desloratadine: a prescription-event monitoring study
in England. Drug Saf. 2006. https://doi.org/10.2165/00002018-20062
9100-00007.

Mann RD, Pearce GL, Dunn N, Shakir S. Sedation with “non-sedating”
antihistamines: four prescription-event monitoring studies in general
practice. Br Med J. 2000. https://doi.org/10.1136/bmj.320.7243.1184.
Cobb DB, Watson WA, Ferndndez MC. High-dose loratadine exposure in
a six-year-old child. Vet Hum Toxicol. 2001;43:163.

Spiller HA, Villalobos D, Benson BE, Krenzelok EP, Anderson AD.
Retrospective evaluation of cetirizine (zyrtec) ingestion. J Toxicol Clin
Toxicol. 2002;40(4):525.

Estelle F, Simons R, McMillan JL, Simons KJ. A double-blind, single-
dose, crossover comparison of cetirizine, terfenadine, loratadine,
astemizole, and chlorpheniramine versus placebo: suppressive effects
on histamine-induced wheals and flares during 24 hours in normal
subjects. J Allergy Clin Immunol. 1990. https://doi.org/10.1016/50091
-6749(05)80210-6.

Day JH, Briscoe MP, Welsh A, et al. Onset of action, efficacy, and safety of
a single dose of fexofenadine hydrochloride for ragweed allergy using
an environmental exposure unit. Ann Allergy Asthma Immunol. 1997.
https://doi.org/10.1016/51081-1206(10)63062-1.

Day JH, Briscoe M, Widlitz MD. Cetirizine, loratadine, or placebo in
subjects with seasonal allergic rhinitis: effects after controlled ragweed
pollen challenge in an environmental exposure unit. J Allergy Clin
Immunol. 1998. https://doi.org/10.1016/S0091-6749(98)70172-1.

Day JH, Briscoe MP, Rafeiro E, Ratz JD. Comparative clinical efficacy,
onset and duration of action of levocetirizine and desloratadine for
symptoms of-seasonal allergic rhinitis in subjects evaluated in the
Environmental Exposure Unit (EEU). Int J Clin Pract. 2004. https://doi.
org/10.1111/j.1368-5031.2004.0117.x.

Horak F, Zieglmayer PU, Zieglmayer R, Kavina A, Lemell P. Levocetirizine
has a longer duration of action on improving total nasal symptoms
score than fexofenadine after single administration. Br J Clin Pharmacol.
2005. https://doi.org/10.1111/j.1365-2125.2005.02377 .

Day JH, Briscoe MP, Rafeiro E, et al. Comparative efficacy of cetirizine
and fexofenadine for seasonal allergic rhinitis, 5-12 hours postdose, in
the environmental exposure unit. Allergy Asthma Proc. 2005.

Day JH, Briscoe MP, Clark RH, Ellis AK, Gervais P. Onset of action and
efficacy of terfenadine, astemizole, cetirizine, and loratadine for the
relief of symptoms of allergic rhinitis. Ann Allergy Asthma Immunol.
1997. https://doi.org/10.1016/51081-1206(10)63104-3.

Day JH, Briscoe MP, Rafeiro E, Hewlett D, Chapman D, Kramer B.
Randomized double-blind comparison of cetirizine and fexofenadine
after pollen challenge in the environmental exposure unit: duration of
effect in subjects with seasonal allergic rhinitis. Allergy Asthma Proc.
2004.

Alevizos M, Karagkouni A, Vasiadi M, et al. Rupatadine inhibits
inflammatory mediator release from human laboratory of allergic
diseases 2 cultured mast cells stimulated by platelet-activating

factor. Ann Allergy Asthma Immunol. 2013. https://doi.org/10.1016/].
anai.2013.08.025.

Okubo K, Suzuki T, Tanaka A, Aoki H. Efficacy and safety of rupatadine
in Japanese patients with seasonal allergic rhinitis: a double-blind,
randomized, multicenter, placebo-controlled clinical trial. Allergol Int.
2019. https://doi.org/10.1016/}.alit.2018.08.011.

Saint-Martin F, Dumur JP, Pérez |, Izquierdo I. A randomized, double-
blind, parallel-group study, comparing the efficacy and safety of
rupatadine (20 and 10 mg), a new PAF and H1 receptor-specific
histamine antagonist, to loratadine 10 mg in the treatment of seasonal
allergic rhinitis. J Investig Allergol Clin Immunol. 2004;14:34-40.


https://doi.org/10.1186/1710-1492-8-7
https://doi.org/10.1186/1710-1492-8-7
https://doi.org/10.4172/2155-9899.1000202
https://doi.org/10.4172/2155-9899.1000202
https://doi.org/10.1016/j.jaci.2017.03.050
https://doi.org/10.1186/s13223-018-0280-7
https://doi.org/10.1016/j.jaci.2009.12.989
https://doi.org/10.1186/1710-1492-1-2-81
https://doi.org/10.2147/tcrm.1.2.115.62907
https://doi.org/10.1016/j.jaci.2017.06.014
https://doi.org/10.1016/j.jaci.2017.06.014
https://doi.org/10.1186/s13052-016-0315-y
https://doi.org/10.1186/s13052-016-0315-y
https://doi.org/10.1046/j.0954-7894.2002.01314.x
https://doi.org/10.1111/j.1398-9995.2007.01620.x
https://doi.org/10.1016/j.jaci.2011.09.005
https://doi.org/10.1016/j.jaci.2011.09.005
https://doi.org/10.1001/jama.1951.02920230001001
https://doi.org/10.1001/jama.1951.02920230001001
https://doi.org/10.4103/0019-5154.110832
https://doi.org/10.1111/j.1398-9995.2009.02325.x
https://doi.org/10.1016/j.aap.2016.02.008
https://doi.org/10.1080/15563650600585920
https://doi.org/10.1080/15563650600585920
https://doi.org/10.1080/15563650.2019.1609683
https://doi.org/10.1080/15563650.2019.1609683
https://doi.org/10.1002/prp2.309
https://doi.org/10.1007/s00228-014-1804-9
https://doi.org/10.1016/j.ijcard.2003.11.035
https://doi.org/10.2165/00002018-200629100-00007
https://doi.org/10.2165/00002018-200629100-00007
https://doi.org/10.1136/bmj.320.7243.1184
https://doi.org/10.1016/S0091-6749(05)80210-6
https://doi.org/10.1016/S0091-6749(05)80210-6
https://doi.org/10.1016/s1081-1206(10)63062-1
https://doi.org/10.1016/S0091-6749(98)70172-1
https://doi.org/10.1111/j.1368-5031.2004.0117.x
https://doi.org/10.1111/j.1368-5031.2004.0117.x
https://doi.org/10.1111/j.1365-2125.2005.02377.x
https://doi.org/10.1016/s1081-1206(10)63104-3
https://doi.org/10.1016/j.anai.2013.08.025
https://doi.org/10.1016/j.anai.2013.08.025
https://doi.org/10.1016/j.alit.2018.08.011

Hossenbaccus et al. Allergy Asthma Clin Inmunol

38.

39.

40.

42.

43.

44,

45.

46.

47.

48.

49.

50.

52.

53.

54.

55.

56.

57.

(2020) 16:39

Martinez-Cécera C, De Molina M, Marti-Guadano E, Pola J, Conde J,
Borja J, Pérez |, Arnaiz E, Izquierdo I. Rupatadine 10 mg and cetirizine
10 mg in seasonal allergic rhinitis: a randomised, double-blind parallel
study. J Investig Allergol Clin Immunol. 2005;15(1):22-9.

Fantin S, Maspero J, Bisbal C, et al. A 12-week placebo-controlled study
of rupatadine 10 mg once daily compared with cetirizine 10 mg once
daily, in the treatment of persistent allergic rhinitis. Allergy Eur J Allergy
Clin Immunol. 2008. https://doi.org/10.1111/}.1398-9995.2008.01668.x.
Horak F, Zieglmayer P, Zieglmayer R, Lemell P. The effects of bilastine
compared with cetirizine, fexofenadine, and placebo on allergen-
induced nasal and ocular symptoms in patients exposed to
aeroallergen in the Vienna Challenge Chamber. Inflamm Res. 2010.
https://doi.org/10.1007/500011-009-0117-4.

Bjermer L, Westman M, Holmstrom M, Wickman MC. The complex
pathophysiology of allergic rhinitis: scientific rationale for the
development of an alternative treatment option. Allerg Asthma Clin
Immunol. 2019. https://doi.org/10.1186/513223-018-0314-1.

Horak F, Zieglmayer UP. Azelastine nasal spray for the treatment of
allergic and nonallergic rhinitis. Expert Rev Clin Immunol. 2009. https://
doi.org/10.1586/eci.09.38.

Han D, Chen L, Cheng L, et al. A multicenter randomized double-

blind 2-week comparison study of azelastine nasal spray 0.1% versus
levocabastine nasal spray 0.05% in patients with moderate-to-severe
allergic rhinitis. ORL. 2011. https://doi.org/10.1159/000330269.

Holm A, Dijkstra M, Kleinjan A, et al. Fluticasone propionate aqueous
nasal spray reduces inflammatory cells in unchallenged allergic nasal
mucosa: effects of single allergen challenge. J Allergy Clin Immunol.
2001. https://doi.org/10.1067/mai.2001.113520.

Alvarado-Valdés CA, Blomgren J, Weiler D, et al. The effect of fluticasone
propionate aqueous nasal spray on eosinophils and cytokines in nasal
secretions of patients with ragweed allergic rhinitis. Clin Ther. 1997.
https://doi.org/10.1016/50149-2918(97)80115-4.

Weido AJ, Reece LM, Alam R, Cook CK, Sim TC. Intranasal fluticasone
propionate inhibits recovery of chemokines and other cytokines in
nasal secretions in allergen-induced rhinitis. Ann Allergy Asthma
Immunol. 1996. https://doi.org/10.1016/51081-1206(10)63340-6.
Cockcroft DW, MacCormack DW, Newhouse MT, Hargreave FE.
Beclomethasone dipropionate aerosol in allergic rhinitis. Can Med
Assoc J. 1976;115(6):523.

Wallace DV, Dykewicz MS, Bernstein D, et al. The diagnosis and
management of rhinitis: an updated practice parameter. J Allergy Clin
Immunol. 2008. https://doi.org/10.1016/j,jaci.2008.06.003.

Meltzer EO. Intranasal steroids: Managing allergic rhinitis and tailoring
treatment to patient preference. Allergy Asthma Proc. 2005.

Benninger MS. Intranasal corticosteroids vs oral H1 receptor antagonists
in allergic rhinitis: systematic review of randomized control trials. Am J
Rhinol. 1999. https://doi.org/10.1136/bmj.317.7173.1624.

Scadding GK, Durham SR, Mirakian R, et al. BSACI guidelines for the
management of allergic and non-allergic rhinitis. Clin Exp Allergy. 2008.
https://doi.org/10.1111/j.1365-2222.2007.02888.x.

Skoner DP, Rachelefsky GS, Meltzer EO, et al. Detection of

growth suppression in children during treatment with intranasal
beclomethasone dipropionate. Pediatrics. 2000. https://doi.
0rg/10.1542/peds.105.2.e23.

Maller C, Ahlstrom H, Henricson KA, Malmquist LA, Akerlund A,
Hildebrand H. Safety of nasal budesonide in the long-term treatment of
children with perennial rhinitis. Clin Exp Allergy. 2003. https://doi.org/1
0.1046/j.1365-2222.2003.01689.X.

Juniper EF, Stahl E, Doty RL, Simons FER, Allen DB, Howarth PH. Clinical
outcomes and adverse effect monitoring in allergic rhinitis. J Allergy
Clin Immunol. 2005. https://doi.org/10.1016/jjaci.2004.12.014.

Wang JJ, Rochtchina E, Tan AG, Cumming RG, Leeder SR, Mitchell P. Use
of inhaled and oral corticosteroids and the long-term risk of cataract.
Ophthalmology. 2009. https://doi.org/10.1016/j.0phtha.2008.12.001.
Valenzuela CV, Liu JC, Vila PM, Simon L, Doering M, Lieu JEC. Intranasal
corticosteroids do not lead to ocular changes: a systematic review and
meta-analysis. Laryngoscope. 2019. https://doi.org/10.1002/lary.27209.
Bousquet J, Van Cauwenberge P, Khaltaev N; Aria Workshop Group;
World Health Organization. Allergic rhinitis and its impact on asthma. J
Allergy Clin Immunol. 2001;108:5147-334.

58.

59.

60.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

Page 16 of 17

Juel-Berg N, Darling P, Bolvig J, et al. Intranasal corticosteroids
compared with oral antihistamines in allergic rhinitis: a systematic
review and metaanalysis. Am J Rhinol Allergy. 2017. https://doi.
org/10.2500/ajra.2016.30.4397.

Carr WW, Ratner P Munzel U, et al. Comparison of intranasal azelastine
to intranasal fluticasone propionate for symptom control in moderate-
to-severe seasonal allergic rhinitis. Allergy Asthma Proc. 2012. https://
doi.org/10.2500/aap.2012.33.3626.

Peters-Golden M, Gleason MM, Togias A. Cysteinyl leukotrienes: multi-
functional mediators in allergic rhinitis. Clin Exp Allergy. 2006. https://
doi.org/10.1111/j.1365-2222.2006.02498 x.

Cingi C, Ozlugedik S. Effects of montelukast on quality of life in patients
with persistent allergic rhinitis. Otolaryngol Head Neck Surg (United
States). 2010. https://doi.org/10.1016/j.0tohns.2010.01.016.

Ciebiada M, Gorska-Ciebiada M, Barylski M, Kmiecik T, Gorski P. Use

of montelukast alone or in combination with desloratadine or
levocetirizine in patients with persistent allergic rhinitis. Am J Rhinol
Allergy. 2011. https://doi.org/10.2500/ajra.2011.25.3540.

Cingi C, Gunhan K, Gage-White L, Unlu H. Efficacy of leukotriene
antagonists as concomitant stherapy in allergic rhinitis. Laryngoscope.
2010. https://doi.org/10.1002/lary.20941.

Neuropsychiatric events following montelukast use: a propensity score
matched analysis| sentinel initiative. https://www.sentinelinitiative.org/
drugs/assessments/neuropsychiatric-events-following-montelukas
t-use-propensity-score-matched. Accessed March 17, 2020.

Ratner PH, Hampel F, Van Bavel J, et al. Combination therapy with
azelastine hydrochloride nasal spray and fluticasone propionate

nasal spray in the treatment of patients with seasonal allergic rhinitis.
Ann Allergy Asthma Immunol. 2008. https://doi.org/10.1016/51081
-1206(10)60408-5.

Bjermer L, Westman M, Holmstrém M, Wickman MC. The complex
pathophysiology of allergic rhinitis: scientific rationale for the
development of an alternative treatment option. Allergy Asthma Clin
Immunol. 2019. https://doi.org/10.1186/513223-018-0314-1.

D'Addio A, Ruiz N, Mayer M, Murray R, Bachert C. Deposition
characteristics of a new allergic rhinitis nasal spray (MP29-02%) in an
anatomical model of the human nasal cavity. Clin Trans| Allergy. 2015.
https://doi.org/10.1186/2045-7022-5-54-p40.

D'Addio A, Ruiz N, Mayer M, Berger WE, Meltzer EO. Quantification of
the distribution of azelastine HCl/fluticasone propionate nasal spray in
an anatomical model of the human nasal cavity. J Allergy Clin Immunol.
2015. https://doi.org/10.1016/}jaci.2014.12.1648.

Carr W, Bernstein J, Lieberman P, et al. A novel intranasal therapy of
azelastine with fluticasone for the treatment of allergic rhinitis. J Allergy
Clin Immunol. 2012. https://doi.org/10.1016/jjaci.2012.01.077.

Meltzer E, Ratner P, Bachert C, et al. Clinically relevant effect of a new
intranasal therapy (MP29-02) in allergic rhinitis assessed by responder
analysis. Int Arch Allergy Immunol. 2013. https://doi.org/10.1159/00035
1404.

Berger WE, Shah S, Lieberman P, et al. Long-term, randomized safety
study of mp29-02 (a novel intranasal formulation of azelastine
hydrochloride and fluticasone propionate in an advanced delivery
system) in subjects with chronic rhinitis. J Allergy Clin Immunol Pract.
2014. https://doi.org/10.1016/}jaip.2013.09.019.

Wahn U, Bachert C, Heinrich J, Richter H, Zielen S. Real-world benefits
of allergen immunotherapy for birch pollen-associated allergic rhinitis
and asthma. Allergy Eur J Allergy Clin Immunol. 2019. https://doi.
org/10.1111/all.13598.

Oykhman P, Kim HL, Ellis AK. Allergen immunotherapy in pregnancy.
Allergy Asthma Clin Immunol. 2015. https://doi.org/10.1186/51322
3-015-0096-7.

Durham SR, Emminger W, Kapp A, et al. SQ-standardized sublingual
grass immunotherapy: confirmation of disease modification 2 years
after 3 years of treatment in a randomized trial. J Allergy Clin Immunol.
2012. https://doi.org/10.1016/jjaci.2011.12.973.

Biedermann T, Kuna P, Panzner P, et al. The SQ tree SLIT-tablet is highly
effective and well tolerated: results from a randomized, double-blind,
placebo-controlled phase Il trial. J Allergy Clin Immunol. 2019. https://
doi.org/10.1016/jjaci.2018.12.1001.

Emminger W, Herndndez MD, Cardona V, et al. The SQ house dust

mite SLIT-tablet is well tolerated in patients with house dust mite


https://doi.org/10.1111/j.1398-9995.2008.01668.x
https://doi.org/10.1007/s00011-009-0117-4
https://doi.org/10.1186/s13223-018-0314-1
https://doi.org/10.1586/eci.09.38
https://doi.org/10.1586/eci.09.38
https://doi.org/10.1159/000330269
https://doi.org/10.1067/mai.2001.113520
https://doi.org/10.1016/S0149-2918(97)80115-4
https://doi.org/10.1016/s1081-1206(10)63340-6
https://doi.org/10.1016/j.jaci.2008.06.003
https://doi.org/10.1136/bmj.317.7173.1624
https://doi.org/10.1111/j.1365-2222.2007.02888.x
https://doi.org/10.1542/peds.105.2.e23
https://doi.org/10.1542/peds.105.2.e23
https://doi.org/10.1046/j.1365-2222.2003.01689.x
https://doi.org/10.1046/j.1365-2222.2003.01689.x
https://doi.org/10.1016/j.jaci.2004.12.014
https://doi.org/10.1016/j.ophtha.2008.12.001
https://doi.org/10.1002/lary.27209
https://doi.org/10.2500/ajra.2016.30.4397
https://doi.org/10.2500/ajra.2016.30.4397
https://doi.org/10.2500/aap.2012.33.3626
https://doi.org/10.2500/aap.2012.33.3626
https://doi.org/10.1111/j.1365-2222.2006.02498.x
https://doi.org/10.1111/j.1365-2222.2006.02498.x
https://doi.org/10.1016/j.otohns.2010.01.016
https://doi.org/10.2500/ajra.2011.25.3540
https://doi.org/10.1002/lary.20941
https://www.sentinelinitiative.org/drugs/assessments/neuropsychiatric-events-following-montelukast-use-propensity-score-matched
https://www.sentinelinitiative.org/drugs/assessments/neuropsychiatric-events-following-montelukast-use-propensity-score-matched
https://www.sentinelinitiative.org/drugs/assessments/neuropsychiatric-events-following-montelukast-use-propensity-score-matched
https://doi.org/10.1016/s1081-1206(10)60408-5
https://doi.org/10.1016/s1081-1206(10)60408-5
https://doi.org/10.1186/s13223-018-0314-1
https://doi.org/10.1186/2045-7022-5-s4-p40
https://doi.org/10.1016/j.jaci.2014.12.1648
https://doi.org/10.1016/j.jaci.2012.01.077
https://doi.org/10.1159/000351404
https://doi.org/10.1159/000351404
https://doi.org/10.1016/j.jaip.2013.09.019
https://doi.org/10.1111/all.13598
https://doi.org/10.1111/all.13598
https://doi.org/10.1186/s13223-015-0096-7
https://doi.org/10.1186/s13223-015-0096-7
https://doi.org/10.1016/j.jaci.2011.12.973
https://doi.org/10.1016/j.jaci.2018.12.1001
https://doi.org/10.1016/j.jaci.2018.12.1001

Hossenbaccus et al. Allergy Asthma Clin Inmunol

77.

78.

79.

80.

82.

83.

84.

85.

86.

87.

88.

89.

90.

(2020) 16:39

respiratory allergic disease. Int Arch Allergy Immunol. 2017. https://doi.
org/10.1159/000478699.

Bernstein DI, Murphy KR, Nolte H, Kaur A, Maloney J. Efficacy of short
ragweed sublingual immunotherapy tablet (SLIT-T) in mono-sensitized
and poly-sensitized subjects. J Allergy Clin Immunol. 2014. https://doi.
0rg/10.1016/}jaci.2013.12.780.

Blaiss M, Creticos P, Hébert J, et al. Efficacy and safety of standardized
short ragweed sublingual immunotherapy tablet (SLIT-T) treatment

in Canadian subjects with ragweed pollen-induced rhinitis with or
without conjunctivitis. Allergy Asthma Clin Immunol. 2014. https://doi.
org/10.1186/1710-1492-10-s1-a14.

Kim H, Waserman S, Hébert J, et al. Efficacy and safety of ragweed
sublingual immunotherapy in Canadian patients with allergic
rhinoconjunctivitis. Allergy Asthma Clin Immunol. 2014. https://doi.
org/10.1186/1710-1492-10-55.

Nelson MR, Petersen MM, Wolverton WO, Mikita CP. Allergen
immunotherapy extract treatment set preparation: making a safer and
higher quality product for patients. Curr Allergy Asthma Rep. 2013.
https://doi.org/10.1007/511882-013-0362-z.

Del Carpio J, Fischer D, Frankish C, et al. Immunotherapy Manual; 2016.
https://csaci.ca/wp-content/uploads/2017/12/IT-Manual-2016-5-July-
2017-rev.pdf.

Klimek L, Fox GC, Thum-Oltmer S. SCIT with a high-dose house dust
mite allergoid is well tolerated: safety data from pooled clinical

trials and more than 10 years of daily practice analyzed in different
subgroups. Allergo J Int. 2018. https://doi.org/10.1007/54062
9-018-0059-x.

Bozek A, Kotodziejczyk K, Jarzab J. Efficacy and safety of birch pollen

immunotherapy for local allergic rhinitis. Ann Allergy Asthma Immunol.

2018. https://doi.org/10.1016/j.anai.2017.10.009.

Shamji MH, Ceuppens J, Bachert C, et al. Lolium perenne peptides
for treatment of grass pollen allergy: a randomized, double-blind,
placebo-controlled clinical trial. J Allergy Clin Immunol. 2018. https://
doi.org/10.1016/jjaci.2017.09.013.

Prigal SJ. A ten-year study of repository injections of allergens: local
reactions and their management. Ann Allergy. 1972;30(9):529.

Cox L, Larenas-Linnemann D, Lockey RF, Passalacqua G. Speaking

the same language: the World Allergy Organization Subcutaneous
Immunotherapy Systemic Reaction Grading System. J Allergy Clin
Immunol. 2010. https://doi.org/10.1016/j,jaci.2009.10.060.

Epstein TG, Liss GM, Murphy-Berendts K, Bernstein DI. Risk factors

for fatal and nonfatal reactions to subcutaneous immunotherapy:
National surveillance study on allergen immunotherapy (2008-2013).
Ann Allergy Asthma Immunol. 2016. https://doi.org/10.1016/j.
anai.2016.02.001.

Alam S, Lukawska J, Corrigan C. Adjuvants in allergy: state of the

art. Curr Treat Options Allergy. 2014. https://doi.org/10.1007/54052
1-013-0008-3.

Juniper EF, Thompson AK, Ferrie PJ, Roberts JN. Validation of the
standardized version of the Rhinoconjunctivitis Quality of Life
Questionnaire. J Allergy Clin Immunol. 1999. https://doi.org/10.1016/
50091-6749(99)70380-5.

Mdsges R, Bachert C, Panzner P, et al. Short course of grass allergen
peptides immunotherapy over 3 weeks reduces seasonal symptoms
in allergic rhinoconjunctivitis with/without asthma: a randomized,

multicenter, double-blind, placebo-controlled trial. Allergy Eur J Allergy

Clin Immunol. 2018. https://doi.org/10.1111/all.13433.

Hankin CS, Cox L, Bronstone A, Wang Z. Allergy immunotherapy:
reduced health care costs in adults and children with allergic rhinitis. J
Allergy Clin Immunol. 2013. https://doi.org/10.1016/j,jaci.2012.12.662.

92.

93.

94.

95.

96.

97.

98.

99.

101.

102.

103.

104.

105.

Page 17 of 17

Moote W, Kim H, Ellis AK. Allergen-specific immunotherapy.

Allergy Asthma Clin Immunol. 2018. https://doi.org/10.1186/51322
3-018-0282-5.

Pfaar O, Richter HG, Klimek L, Sieber J, Hadler M, Karagiannis

E. Sublingual immunotherapy with a five-grass pollen tablet

in adult patients with allergic rhinitis: an open, prospective,
noninterventional, multicenter study. Biomed Res Int. 2015. https://doi.
org/10.1155/2015/584291.

Yonekura S, Gotoh M, Kaneko S, et al. Treatment duration-dependent
efficacy of Japanese cedar pollen sublingual immunotherapy:
evaluation of a phase II/1ll trial over three pollen dispersal seasons.
Allergol Int. 2019. https://doi.org/10.1016/j.alit.2019.05.002.

Elliott J, Kelly SE, Johnston A, Skidmore B, Gomes T, Wells GA. Allergen
immunotherapy for the treatment of allergic rhinitis and/or asthma: an
umbrella review. C Open. 2017. https://doi.org/10.9778/cmajo.20160
066.

Sayed KM, Kamel AG, Ali AH. One-year evaluation of clinical and
immunological efficacy and safety of sublingual versus subcutaneous
allergen immunotherapy in allergic conjunctivitis. Graefe's Arch Clin Exp
Ophthalmol. 2019. https://doi.org/10.1007/500417-019-04389-w.
Maloney J, Berman G, Gagnon R, et al. Sequential treatment initiation
with timothy grass and ragweed sublingual immunotherapy tablets
followed by simultaneous treatment is well tolerated. J Allergy Clin
Immunol Pract. 2016. https://doi.org/10.1016/},jaip.2015.11.004.

Ortiz AS, McMains KC, Laury AM. Single vs multiallergen sublingual
immunotherapy in the polysensitized patient: a pilot study. Int Forum
Allergy Rhinol. 2018. https://doi.org/10.1002/alr.22071.

Bernstein DI, Bardelas JA, Svanholm Fogh B, Kaur A, Li Z, Nolte H. A
practical guide to the sublingual immunotherapy tablet adverse event
profile: implications for clinical practice. Postgrad Med. 2017. https://
doi.org/10.1080/00325481.2017.1302306.

Durham SR, Walker SM, Varga EM, et al. Long-term clinical efficacy

of grass-pollen immunotherapy. N Engl J Med. 1999. https://doi.
org/10.1056/NEJM199908123410702.

Scadding GW, Calderon MA, Shamji MH, et al. Effect of 2 years of
treatment with sublingual grass pollen immunotherapy on nasal
response to allergen challenge at 3 years among patients with
moderate to severe seasonal allergic rhinitis: the GRASS randomized
clinical trial. JAMA. 2017. https://doi.org/10.1001/jama.2016.21040.
Ellis AK, Gagnon R, Hammerby E, Lau A. Sublingual immunotherapy
tablet for the treatment of house dust mite allergic rhinitis in Canada:
an alternative to minimize treatment costs? Allergy Asthma Clin
Immunol. 2019. https://doi.org/10.1186/513223-019-0344-3.

Ellis AK, Tenn MW, Steacy LM, et al. Lack of effect of Timothy grass
pollen sublingual immunotherapy tablet on birch pollen-induced
allergic rhinoconjunctivitis in an environmental exposure unit.

Ann Allergy Asthma Immunol. 2018. https://doi.org/10.1016/j.
anai.2018.02.003.

Hylander T, Larsson O, Petersson-Westin U, et al. Intralymphatic
immunotherapy of pollen-induced rhinoconjunctivitis: a double-blind
placebo-controlled trial. Respir Res. 2016. https://doi.org/10.1186/51293
1-016-0324-9.

Senti G, Freiburghaus AU, Larenas-Linnemann D, et al. Intralymphatic
Immunotherapy: update and Unmet Needs. Int Arch Allergy Immunol.
2019. https://doi.org/10.1159/000493647.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.1159/000478699
https://doi.org/10.1159/000478699
https://doi.org/10.1016/j.jaci.2013.12.780
https://doi.org/10.1016/j.jaci.2013.12.780
https://doi.org/10.1186/1710-1492-10-s1-a14
https://doi.org/10.1186/1710-1492-10-s1-a14
https://doi.org/10.1186/1710-1492-10-55
https://doi.org/10.1186/1710-1492-10-55
https://doi.org/10.1007/s11882-013-0362-z
https://csaci.ca/wp-content/uploads/2017/12/IT-Manual-2016-5-July-2017-rev.pdf
https://csaci.ca/wp-content/uploads/2017/12/IT-Manual-2016-5-July-2017-rev.pdf
https://doi.org/10.1007/s40629-018-0059-x
https://doi.org/10.1007/s40629-018-0059-x
https://doi.org/10.1016/j.anai.2017.10.009
https://doi.org/10.1016/j.jaci.2017.09.013
https://doi.org/10.1016/j.jaci.2017.09.013
https://doi.org/10.1016/j.jaci.2009.10.060
https://doi.org/10.1016/j.anai.2016.02.001
https://doi.org/10.1016/j.anai.2016.02.001
https://doi.org/10.1007/s40521-013-0008-3
https://doi.org/10.1007/s40521-013-0008-3
https://doi.org/10.1016/S0091-6749(99)70380-5
https://doi.org/10.1016/S0091-6749(99)70380-5
https://doi.org/10.1111/all.13433
https://doi.org/10.1016/j.jaci.2012.12.662
https://doi.org/10.1186/s13223-018-0282-5
https://doi.org/10.1186/s13223-018-0282-5
https://doi.org/10.1155/2015/584291
https://doi.org/10.1155/2015/584291
https://doi.org/10.1016/j.alit.2019.05.002
https://doi.org/10.9778/cmajo.20160066
https://doi.org/10.9778/cmajo.20160066
https://doi.org/10.1007/s00417-019-04389-w
https://doi.org/10.1016/j.jaip.2015.11.004
https://doi.org/10.1002/alr.22071
https://doi.org/10.1080/00325481.2017.1302306
https://doi.org/10.1080/00325481.2017.1302306
https://doi.org/10.1056/NEJM199908123410702
https://doi.org/10.1056/NEJM199908123410702
https://doi.org/10.1001/jama.2016.21040
https://doi.org/10.1186/s13223-019-0344-3
https://doi.org/10.1016/j.anai.2018.02.003
https://doi.org/10.1016/j.anai.2018.02.003
https://doi.org/10.1186/s12931-016-0324-9
https://doi.org/10.1186/s12931-016-0324-9
https://doi.org/10.1159/000493647

	Towards definitive management of allergic rhinitis: best use of new and established therapies
	Abstract 
	Background: 
	Body: 
	Conclusion: 

	Background
	Allergic rhinitis
	Oral antihistamines
	Adverse effects of first-generation AHs
	Safety of newer generation AHs
	Efficacy of first-generation AHs vs. newer generation

	Intranasal antihistamines
	Intranasal corticosteroids
	Safety of intranasal corticosteroids
	Efficacy of intranasal corticosteroids

	Leukotriene receptor antagonists
	Intranasal antihistamine and intranasal corticosteroid combination
	Allergen specific immunotherapy
	Subcutaneous immunotherapy
	Sublingual immunotherapy
	The future of AIT

	Conclusion
	Acknowledgements
	References




