Curr Allergy Asthma Rep (2014) 14:422
DOI 10.1007/s11882-014-0422-z

RHINITIS (JJ OPPENHEIMER AND J CORREN, SECTION EDITORS)

New Therapies for Allergic Rhinitis

Fulvio Braido - Francesca Sclifo - Matteo Ferrando -
Giorgio Walter Canonica

Published online: 8 February 2014
© Springer Science+Business Media New York 2014

Abstract Because of its burden on patient’s lives and its
impact on asthma, allergic rhinitis must be treated properly
with more effective and safer treatments. According to guide-
lines by Allergic Rhinitis and Its Impact on Asthma (ARIA),
the classification, pathogenesis, and treatment of allergic rhi-
nitis are well defined. Currently, second-generation antihista-
mines and inhaled steroids are considered the cornerstone of
first-line therapy. However, new formulations of available
drugs (e.g., loratadine and rupatadine oral solution, ebastine
fast-dissolving tablets, and the combination of intranasal
fluticasone propionate and azelastine hydrochloride), recently
discovered molecules (e.g., ciclesonide, bilastine, and
phosphodiesterase-4 inhibitors), immunologic targets (e.g.,
omalizumab), and unconventional treatments (e.g., homeo-
pathic treatments) are currently under investigation and rep-
resent a new frontier in modern medicine and in allergic
rhinitis management. The aim of this review is to provide an
update on allergic rhinitis treatment, paying particular atten-
tion to clinical trials published within the past 20 months that
assessed the efficacy and safety of new formulations of avail-
able drugs or new molecules.
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Introduction

Rhinitis is defined as an inflammatory disorder of the nasal
epithelium and is characterized clinically by symptoms such as
rhinorrhea (anterior or posterior), blockage, sneezing, and
itching, which are reversible spontaneously or in response to
therapy. There are several different clinical presentations of
rhinitis that may overlap. The most common form is allergic
rhinitis (AR), which is caused by exposure to an allergen to
which a patient is sensitized; for this reason, it is possible to
refer to AR in the presence of rhinitis symptoms and allergic
sensitization [1]. Typical allergens include house dust mite,
grass pollen, tree pollen, weed pollens, cat, dog, and molds [2].

AR diagnosis is clinical and relies on the presence of the
aforementioned symptoms [3], which occur generally within
minutes after allergen exposure, may last for hours after an
isolated exposure, and have a negative impact on quality of
life [4]. The etiologic diagnosis is based on the identification
of the causative allergen; the assessment may be performed
in vivo by skin-prick tests or in vitro by measuring allergen-
specific IgE.

With regard to classification, AR has always been divided
into “seasonal” or “perennial,” based on the chronologic dis-
tribution of symptoms; however, this classification does not
consider the possible overlap of multiple allergens, the sever-
ity of symptoms, and the physiopathology (chronic inflamma-
tion). Therefore, the ARIA (Allergic Rhinitis and Its Impact
on Asthma) classification was introduced. ARIA subdivides
AR into intermittent or persistent, according to the duration of
symptoms [1]. It further divides AR severity into mild and
moderate—severe according to its impact on quality of life [1].
This approach is useful both for describing how rhinitis man-
ifests in terms of symptoms and its effects on quality of life
and for determining the appropriate treatment (Fig. 1).

AR often is associated with several comorbidities, includ-
ing asthma [5, 6¢°, 7, 8], chronic otitis media [9], rhinosinusitis
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Fig. 1 ARIA classification of INTERMITTENT PERSISTENT
allergic rhinitis Symptoms Symptoms
o <4 days/week o >4 days/week
e Or <4 consecutive weeks e And >4 consecutive weeks
MILD MODERATE-SEVERE

All the following

o Normal sleep e Sleep disturbance

e No impairment of daily o Impairment of daily activities,
activities, sport, leisure sport, leisure

e No impairment of work/school e Impairment of work/school

e Symptoms present but not e Troublesome symptoms

troublesome

One of more items

[10, 11], and oropharyngeal lymphoid hypertrophy, as well as
secondary obstructive sleep apnea and disordered sleep
[12—14]. Poorly controlled AR may trigger exacerbations of
these comorbidities because they often share pathophysiolog-
ic (inflammatory) pathways [15, 16]. Therefore, all these
aspects should be investigated and treated in patients with
AR. Asthma, in particular, often coexists with AR in the same
individual: up to 80 % of asthmatic patients suffer from
allergic rhinitis, and up to 40 % of patients with rhinitis also
have asthma [17].

The relationship between rhinitis and asthma (i.e., between
the upper and lower respiratory airways) was first noted in
epidemiologic studies. Moreover, clinical observations pro-
vide compelling evidence for the following phenomena: the
frequent coexistence of rhinitis and asthma, rhinitis as a risk
factor for developing asthma, the occurrence of bronchial
hyperresponsiveness in rhinitis, the association between upper
respiratory infections and asthma exacerbations, the existence
of a common pathogenic mechanism between rhinitis and
asthma, and the exacerbating role of sinusitis in asthma [18].

Several studies have suggested that asthma prevalence is
higher in patients with moderate—severe rhinitis than in those
with milder disease. AR often precedes asthma and represents
a relevant and independent risk factor for its development in
both adults and children [19, 20]. This is reinforced by the fact
that AR treatment influences asthma control [21].

The aim of this review is to provide an update on AR
treatment, particularly considering the evidence published in
the past 20 months on drugs under investigation for AR
management.

Methodology

A PubMed search was performed to identify drugs under
investigation and new insights on drugs already available for
allergic rhinitis treatment. Particular attention was focused on
randomized clinical trials published from January 2012 on,
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and the key words rhinitis and treatment/therapy in the sub-
groups “clinical trial” and “human” were used for searching.
A computer literature search of the MEDLINE database also
was performed from January 2012 to September 2013 using
the key word rhinitis treatment in the subgroups “clinical
trial” and “human.”

New Insights into Drugs Already Available for AR
Treatment

Newly Formulated Second-Generation Antihistamines

Antihistamines are considered the cornerstone of first-line AR
therapy, both in adults and in children. First-generation oral
antihistamines, such as cyproheptadine, are safe and effective
but have not been recommended since second-generation
antihistamines became available, because of their sedative
and anticholinergic effects. Wu et al. [22] recently assessed
the efficacy of loratadine syrup, a second-generation antihis-
tamine, compared with cyproheptadine HCI solution for
treating children 2—-12 years old with persistent AR (PAR).
Loratadine syrup significantly reduced the total symptom
score, with excellent improvement in symptoms without cen-
tral nervous system (CNS) effects.

Rupatadine is a second-generation antihistamine that has
widely been shown to be effective, rapid, and well tolerated
for the symptomatic treatment of AR [23, 24]. A new oral
formulation of rupatadine was developed recently. Potter et al.
[25] performed a multicenter placebo-controlled clinical trial
to assess the efficacy and safety of rupatadine oral solution in
children 611 years old with PAR and found that rupatadine,
1 mg/mL oral solution, is effective in reducing nasal and
nonnasal symptoms, ameliorating quality of life [26], and
inducing clinical improvement significantly better than place-
bo [25].

Ebastine is a second-generation antihistamine with a good
efficacy and safety profile. The fast-dissolving tablet (FDT), a
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new formulation of this drug, is characterized by rapid disin-
tegration in the mouth. This formulation may be particularly
pleasing to patients because it is easy to use, portable, and
perceived as having a faster onset of action while maintaining
the same efficacy and safety profile as the regular tablets.
Pharmacokinetic bioequivalence between ebastine FDT and
the regular tablet was indeed demonstrated in healthy males
[27]. In terms of cost, ebastine FDT is approximately the same
price as the regular tablets [28].

Intranasal Corticosteroids

Although intranasal corticosteroids are recommended as first-
line therapy in persistent rhinitis, they are currently available
only as aqueous formulations and their use may result in
undesirable side effects [29]. Beclomethasone dipropionate
(BDP) hydrofluoroalkane nasal aerosol has been tested in
patients with perennial allergic rhinitis. Once-daily administra-
tion of BDP nasal aerosol has been shown to provide statisti-
cally significant and clinically meaningful improvement in all
four nasal symptoms of PAR (nasal congestion, nasal itching,
rhinorrhea, and sneezing) and quality of life compared with
placebo [30]. Moreover, BDP nasal aerosol resulted in lower
systemic exposure than orally inhaled BDP [31].

Ciclesonide, currently used to treat asthma, is a prodrug
converted into its active metabolite, desisobutyryl ciclesonide
by the mucosal esterases in the respiratory tract; therefore, its
anti-inflammatory effect is seen solely at the bronchial level,
with only a fraction of the drug reaching the gastrointestinal
tract and becoming inactive [32, 33]. A nasal aerosol solution
of ciclesonide with a hydrofluoroalkane propellant (CIC-
HFA) is currently in development for AR treatment.

Ratner et al. [34] performed a randomized, double-blind,
multicenter study whose objective was to determine the effi-
cacy, safety, and tolerability of CIC-HFA, 74 and 148 ug,
administered once daily compared with placebo in patients
over 12 years of age with seasonal AR (SAR). All patients
treated with CIC-HFA showed statistically significant im-
provement in signs and symptoms of AR, including ocular
symptoms. However, Varshney et al. [35] found that AR
patients treated with steroids prefer fluticasone over
ciclesonide because of its scent and soothing feel and because
it causes less nasal irritation.

Second-Generation Antihistamine/Nasal Corticosteroid
Combination in a Single Inhaler

A novel intranasal formulation of fluticasone propionate (FP)
and azelastine hydrochloride (MP29-02) was compared with
monotherapy with fluticasone, azelastine, and placebo sprays
for SAR treatment. MP29-02 showed statistical superiority
compared with both an intranasal steroid and an intranasal
antihistamine, providing more complete symptom relief and

greater clinical efficacy, and might represent an advance in the
therapy of moderate—severe AR. Furthermore, the use of a
single delivery device may enhance patient adherence to nasal
spray therapy [36].

New Insights into Drugs Under Investigation for Allergic
Rhinitis Treatment

[3>-Adrenoreceptors, although traditionally associated with
bronchial smooth muscle, have been identified on several
inflammatory cells, including eosinophils, neutrophils, lym-
phocytes, macrophages, and mast cells [37]. Russo et al. [38]
showed that intranasal salbutamol is effective in attenuating
adenosine monophosphate (AMP)-induced nasal response in
patients with AR, which is probably a result of stimulation of
[»-adrenoreceptors on nasal mucosal mast cells, thus
inhibiting degranulation. Based on these premises, Lipworth
et al. [39] performed a study in which they evaluated the
effects of intranasal salmeterol and FP alone and in combina-
tion on the response to a nasal AMP challenge to assess mast
cell activation. Unfortunately, although there was significant
protection after single or long-term dosing with fluticasone
alone as well as the fluticasone—salmeterol combination,
salmeterol alone afforded protection only after the first dose.
Indeed, there was no potentiation of fluticasone when given in
combination with salmeterol, and this loss of protection with
chronic dosages of long-acting (3-agonists might be explained
by [3,-adrenoreceptor down-regulation [39]. Thus, salmeterol
does not appear to be an effective treatment for AR.

No recent studies are available regarding molecules such as
rofleponide palmitate, (3-tryptase, adenosine A, receptor
agonist/adenosine A; receptor antagonist, and
phosphodiesterase-4 (PDE4) inhibitors. The first agent is a
prodrug under study for the treatment of AR and asthma. This
molecule is designed to provide topical exposure of the mucosa
to the inactive lipophilic drug, which is metabolized locally to
rofleponide, a more hydrophilic and readily cleared drug [40].

3-Tryptase is a multifunctional mast cell serine protease
released during mast cell degranulation. In a study performed
in 2006, Erin et al. [41] showed that combined 3-tryptase and
trypsin inhibition has therapeutic potential in allergic inflam-
mation; however, the effect was dose-dependent so that low
doses reduced symptoms, eosinophils, and interleukin (IL)-5
levels after nasal allergen challenge, whereas higher doses
caused late eosinophilia and preceded increases in IL-5 [41].

Adenosine plays a role in the pathogenesis of asthma and
rhinitis. Rimmer et al. [42] showed that, although intranasal
treatment with an adenosine A,, receptor agonist/adenosine
Aj receptor antagonist improved nasal blockage, it did not
have a significant effect on rhinorrhea, the number of sneezes,
or peak nasal inspiratory flow measurements when compared
with placebo [42].
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Several preclinical and clinical studies showed the efficacy
of PDE4 inhibitors in allergic asthma. Because various epide-
miologic and pathogenetic aspects are shared by asthma and
AR, this drug likely may also be effective in AR. Thus, PDE4
inhibitors might be a promising treatment option, not only for
allergic asthma but also for AR [43].

Prostaglandin D; is produced during the early phase of the
allergic response and has been proposed to contribute to the
accumulation and activation of Th2 lymphocytes, eosinophils,
and basophils through high-affinity interaction with CRTH2
[44, 45]. The CRTH2 antagonist OC000459 has previously
been shown to reduce airway inflammation and to improve
lung function and quality of life in subjects with moderate
persistent asthma [46]. A study by Horak et al. [47] compared
0C000459 with placebo in subjects with allergic
rhinoconjunctivitis. This study showed that the effects of
0C000459 on nasal symptoms were at least as good as those
of levocetirizine or fexofenadine [48] and approach those
observed with fluticasone furoate [49]; however, further study
is warranted to confirm these observations.

Bilastine, a new nonsedating H1 receptor inverse agonist,
belongs to the piperidine class along with loratadine,
desloratadine, and fexofenadine. In vitro studies have shown
that bilastine has a high specific affinity for the HI receptor
but no or very low affinity for 30 other tested receptors. This
affinity for the HI receptor is three and six times higher than
for cetirizine and fexofenadine, respectively. Bilastine be-
haves as an H1 mixed antagonist (competitive up to 33 nM;
not competitive from 100 nM), as it is 5.5 times more power-
ful than cetirizine as a competitive antagonist and 10 times
more powerful as a noncompetitive antagonist [50]. The ef-
fectiveness of bilastine is comparable to that of desloratadine
[51]. Besides its H1 antagonism, bilastine has also demon-
strated anti-inflammatory properties, including inhibiting the
release of proinflammatory cytokines such as IL-4 and tumor
necrosis factor-«. Furthermore, in vivo studies in rats demon-
strated a significant reduction in histamine-stimulated endo-
thelial permeability, microvascular extravasation, and inhibi-
tion of smooth muscular contraction and bronchospasm 11
times that of cetirizine [52].

Laboratory studies also demonstrated that bilastine may
reduce passive cutaneous anaphylaxis induced by homolo-
gous serum and monoclonal antibodies, along with IgG/IgE-
dependent active cutaneous anaphylaxis. Studies in humans
have also shown its ability to rapidly inhibit the erythematous
area in response to histamine [53]. Moreover, in a comparison
performed in the Vienna Challenge Chamber or with natural
exposure, bilastine proved to be more effective than
fexofenadine and as effective as cetirizine in subjects with
grass AR [54, 55].

With regard to pharmacokinetics, in the fasting state,
bilastine is absorbed quickly and does not undergo significant
metabolization. Bilastine has no impact on the cytochrome
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P450 enzyme system of the liver, and there is no evidence of
interaction with other drugs except for an increased uptake of
bilastine when taken concomitantly with ketoconazole, eryth-
romycin, or diltiazem. Approximately 95 % is excreted intact
in feces (67 %) and urine (33 %) [56].

Bilastine presents a favorable safety profile with regard to
CNS and cardiovascular effects. Its safety profile in terms of
adverse effects was very similar to that of placebo in all phase I,
11, and III clinical trials. Its distribution in the brain is undetect-
able. Bilastine (20 mg), unlike cetirizine, does not increase the
effects of alcohol on the CNS, does not increase the CNS
depressant effect of lorazepam, and is similar to placebo in
the driving test [57]. No prolongation of the QTc interval (even
at doses higher than the therapeutic dose) has been seen [58].

Bilastine is well tolerated at all doses in the healthy popu-
lation. The incidence of side effects was similar to that of
placebo and lower than that of cetirizine with regard to fatigue
and somnolence. These studies indicate that this new antihis-
tamine has a rapid onset of action (within an hour after
administration), is long acting (more than 26 h), is effective
in relieving AR nasal/nonnasal symptoms, and can improve
the discomfort associated with the illness.

Recently, new antihistamine drugs, such as histamine H3/
H4R antagonists/inverse agonists, were studied for the treat-
ment of AR and allergic respiratory diseases in general. How-
ever, the data available in the literature do not demonstrate an
additional benefit compared with H1 antagonism in reducing
nasal blockage [59-61].

Suplatast tosilate (IPD-1151 T) is an immunomodulator
compound that appears to restore the Th1/Th2 balance in
allergic subjects and is currently available in Japan. It acts as
a selective Th2 cytokine inhibitor, suppressing the production
of IL-4 and IL-5 in vitro or in animal models, and has been
proven to be clinically effective in treating AR. Furukido et al.
[62] demonstrated that IPD-1151 T could reduce the Th2 path-
way in human nasal mucosa. It has been hypothesized that it
might have a role in the GATA binding protein 3 (GATA-3)/ IL-
5 signaling pathway, but its mechanism(s) of action in the
inhibition of allergic disorders remain to be elucidated [63].

Omalizumab is a humanized monoclonal antibody directed
against IgE. This molecule binds free IgE in serum, thus
reducing the amount available to form complexes with the
cells involved in allergic reaction (called, in fact, IgE-
mediated) and reducing allergic symptoms. Many studies
examining the use of omalizumab in AR are available. Casale
and colleagues [64, 65] showed that omalizumab reduced the
level of free IgE, and that this was associated with suppressed
allergic symptoms, reduction of concomitant rescue medica-
tion use, and improvement in rhinitis-specific quality of life.

Specific immunotherapy is recommended as a treatment
option for AR, with the aim of reducing symptoms and the
need for rescue medications. Sublingual immunotherapy is a
viable alternative to subcutaneous immunotherapy, with a
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very favorable safety profile, and new approaches are in
progress [66]. In particular, intralymphatic immunotherapy
and the epicutaneous route are being studied. Intralymphatic
immunotherapy consists of the injection of allergens directly
into lymph nodes. Through this mode of administration, spe-
cific immunotherapy has been demonstrated to be as effective
as traditional subcutaneous delivery, but with lower doses and
fewer injections [67]. Favorable data are also available with
regard to the epicutaneous route (via patches) [68].

Bacterial (unmethylated CpG DNA sequences; lipopolysac-
charide [LPS] in Gram-negative, muramic acid in Gram-
positive), viral (double-stranded RNA), and fungal (chitin
contained in spores and hyphae) substances can stimulate
specific Toll-like receptors (TLRs) on antigen-presenting cells.
Activation of these receptors may result in a protective immune
response by up-regulating the expression of Thl, Th3, and
Treg T lymphocytes, thereby inhibiting Th2-mediated allergic
sensitization [69]. In light of this, controlled infection-like
stimulation of the immune system in this context may be
beneficial and may be achieved by the use of TLR agonists.

Bacterial LPS, viral RNA, and bacterial/viral CpG DNA
actas TLR4, TLR7, and TLR9 ligands. It has been shown that
sequences of bacterial DNA possibly may act as potent in-
ducers of Thl via TLR4 [70, 71]. Moreover, repeated intra-
nasal stimulation of TLR7 causes a sustained reduction in the
responsiveness to an allergen by means of a selective TLR7
agonist optimized for topical airway treatment [72]. Beyond
allergen extract standardization, the clinical use of recombi-
nant allergens is promising but still under investigation [73].

Transient receptor potential vanilloid type 1 (TRPV1), a
ligand-gated ion channel, is a polymodal nocitransducer wide-
ly expressed within pain-transmitting/modulating areas of the
peripheral nervous system and CNS. This receptor is impli-
cated as a mediator of itch in AR and is activated by heat,
protons, capsaicin, and various membrane-derived lipids. SB-
705498 is a TRPV1 antagonist developed to reduce the symp-
toms of rhinitis associated with neuronal hyperresponsiveness
due to the stimulation of these receptors. Bareille et al. [74]
performed a randomized, double-blind, three-way incomplete
block crossover study to evaluate the effects on nasal symp-
toms of 8 days of treatment with SB-705498, 12 mg, alone;
SB-705498 plus FP, 200 pg; FP alone; or placebo. They
showed that SB-705498 plus FP does not provide an improve-
ment in nasal symptoms compared with FP alone, and there
was no difference between SB-705498 and placebo [74].

Probiotics may modulate immune responses beneficial for
the prevention and treatment [75, 76] of early allergic disease
by modulating inflammatory response and immunity [77].
Indeed, consumption of probiotics has been shown to reduce
the level of eosinophils in allergic patients [78], the production
of allergic and proinflammatory cytokines, and the activation
of basophil cells and to induce the development of a popula-
tion of CD4" T cells that produce transforming growth

factor-f3 and IL-10 [79], which suppress the allergen-
induced inflammatory response [80—82].

Lue et al. [76] provided crossover treatment to 63 children
aged 7—12 years to assess the clinical efficacy of Lactobacillus
Jjohnsonii EM1 (Lj EM1) as a supplement to the antihistamine
levocetirizine for treating SAR in children. Indeed, they found
an improvement in symptoms that persisted at least 3 months
after discontinuation of Lj EM1 treatment. Similarly, Singh
et al. [83] conducted a randomized placebo-controlled trial
demonstrating the effectiveness of orally administered
Bifidobacterium lactis NCC2818 on immune parameters and
nasal symptoms in patients with SAR.

Evidence that mucosal barrier disorders play an important
role in the pathologic mechanisms of AR has led to a new
approach to its treatment. Bohm et al. [84] studied liposomes,
which consist of phospholipids that form up to 75 % of the
protective nasal surfactant layer [85, 86]. Their observational
study demonstrated that nasal application of liposomal-based
sprays, given as monotherapy or combination therapy, reduces
AR symptoms by integrating into damaged cell membranes
and stabilizing respiratory barriers, leading to an improvement
in quality of life comparable to the effect of standard treatment
with an antihistamine/glucocorticosteroid spray.

In addition to new molecules, mechanical approaches (e.g.,
nasal filters) and nasal lavages recently were tested. Nasal
filters might represent a novel approach to preventing exacer-
bations of SAR symptoms by reducing pollen’s access to nasal
cavities; however, further studies are needed to confirm this
hypothesis [87]. Marchisio et al. [88] used nasal irrigation in
children with SAR and found that normal saline did not
improve their symptoms substantially, but hypertonic saline
(a 2.7 % sodium chloride solution) administered twice daily
was safe and well tolerated, and led to a significant improve-
ment in symptoms and less need for antihistamines to achieve
disease control. Although the reason for hypertonic saline’s
effectiveness is unknown, it is reasonable to assume the hy-
pertonicity of the fluid may play an important role in modify-
ing the secretion of inflammatory mediators, improving
mucociliary function and decreasing mucosal edema [89, 90].

Update on Unconventional Treatments

The prevalence of allergic disorders such as AR, allergic
conjunctivitis, and bronchial asthma steadily increased in
nearly all Western, industrialized countries during the past
three decades [91, 92]. Affected people are turning to com-
plementary treatment methods because of their fear that long-
term or prolonged use of conventional medications, such as
corticosteroids, antihistamines, chromones, and leukotriene
antagonists, may be related to potential adverse effects [92].
According to Griindling et al. [93], the symptoms of patients
undergoing homeopathic treatment improved substantially;
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however, a reduction in rescue pharmacologic therapies was
not seen. A recent study from Asia examined the role of
acupuncture in the treatment of PAR. This multicenter, ran-
domized, controlled trial found greater improvement in patient
symptoms and quality of life compared with sublingual im-
munotherapy [94]. Interestingly, the clinical effect persisted
for more than 4 weeks after the final acupuncture treatment.
Obviously, further studies with a longer follow-up period are
needed because even if effective, acupuncture for AR may not
be a cost—effective intervention [95].

Conclusions

AR is a burdensome disorder that affects many patients
around the world. An accurate diagnosis of AR is crucial to
increase the likelihood of treatment success. Guidelines for
AR management have been established, and the use of all
appropriate therapeutic options (both conventional and uncon-
ventional) will improve outcomes in AR patients.
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