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ABSTRACT
Sublingual immunotherapy (SLIT) is a well-tolerated, safe, and effective approach to treating allergic rhinitis 
(AR). Oralair® is a five-grass pollen SLIT tablet containing natural pollen allergens from five of the major grass 
species responsible for seasonal AR due to grass pollen allergy. Recommended use is in a pre-coseasonal 
regimen, starting daily treatment approximately 4 months before the start of the pollen season, with 
treatment then continued daily throughout the season; treatment should continue for 3–5 y. Clinical efficacy 
and safety of Oralair® in patients with grass pollen-induced AR has been demonstrated in a comprehensive 
clinical development program of randomized controlled trials. Effectiveness has been substantiated in 
subsequent observational studies with sustained efficacy following treatment cessation and a favorable 
level of adherence, quality of life, benefit, and satisfaction for the patients. Supportive evidence for a benefit 
in reducing the risk or delaying the development of allergic asthma is emerging.
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Background

Allergic rhinitis (AR) is extremely common, affecting 10–40% 
of the population, with a conservative estimate of up to 
500 million people affected worldwide; including over 
110 million in Europe and between 30 and 60 million in the 
US.1–4 Prevalence seems to be increasing in most countries, 
although reported prevalence rates vary in different age groups, 
most data indicate the highest prevalence in children and 
adolescents.2,4,5 AR chiefly manifests as sneezing, rhinorrhea, 
with nasal congestion and pruritus; co-existing conjunctivitis 
—allergic rhinoconjunctivitis (ARC)—is common,4 and 10– 
40% of AR patients have asthma as a comorbidity.4,6

The principal immunological mechanism in AR is an 
immunoglobulin E (IgE) mediated hypersensitivity response 
to one or more environmental allergens.7 Notably, the majority 
of patients with moderate-to-severe AR in Europe and the US 
are sensitized to multiple allergens.8,9 Globally, grass, tree, and 
weed pollens are the major outdoor environmental triggers.3,4 

While the relative importance of different pollen allergens 
shows geographical, ecological, and seasonal variation, grass 
pollen allergy is common in most regions in Europe and in the 
US, and present in up to 40% of AR patients.10–14 The impor-
tance of different grass species differs in different environ-
ments. In Europe, timothy grass (Phleum pratense) and sweet 

vernal grass (Anthoxanthum odoratum) are important across 
Northern Europe, while cocksfoot/orchard grass (Dactylis glo-
merata), perennial ryegrass (Lolium perenne), and meadow 
grass (Poa pratensis) have more importance in Southern 
Europe. All of these species, which belong to the temperate 
grasses (Pooidae) are relevant in broad areas of the US and 
Oceania as pasture grasses. In tropical and subtropical climate 
zones subtropical grasses (Chloridoideae and Panicoideae) 
with distinct major allergens play a major role.15

Clinical management of AR involves allergen avoidance, 
symptomatic relief (principally by nonspecific pharmacother-
apy with intranasal corticosteroids and oral/intranasal antihis-
tamines, including over-the-counter [OTC] medications) and 
allergen immunotherapy (AIT).4,16,17 Too often, oral glucocor-
ticosteroids, or even depot glucocorticoid injections, are pre-
scribed, mainly by physicians not specialized in allergy. In 
recent years, a significant amount of data has highlighted 
their cumulative toxicity,18 and their systematic use for severe 
symptoms should no longer be recommended.

To date, AIT remains the only disease-modifying treatment 
option for patients with IgE-mediated allergies such as AR 
with/without concomitant allergic asthma.4–19–21 Two forms 
of AIT delivery are used; via sublingual administration (SLIT) 
in tablet or liquid forms on a daily basis and subcutaneous 

CONTACT L. Klimek Ludger.Klimek@Allergiezentrum.org Center for Rhinology and Allergology, Wiesbaden D-65183, Germany.

HUMAN VACCINES & IMMUNOTHERAPEUTICS     
2022, VOL. 18, NO. 5, e2066424 (10 pages) 
https://doi.org/10.1080/21645515.2022.2066424

© 2022 The Author(s). Published with license by Taylor & Francis Group, LLC.  
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivatives License (http://creativecommons.org/licenses/by-nc-nd/4.0/), 
which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited, and is not altered, transformed, or built upon in any way.

http://orcid.org/0000-0002-2455-0192
http://orcid.org/0000-0001-8549-5898
http://orcid.org/0000-0002-1928-810X
http://orcid.org/0000-0001-7827-7964
http://orcid.org/0000-0003-3463-5007
http://orcid.org/0000-0002-0909-2963
http://orcid.org/0000-0002-3489-7595
http://orcid.org/0000-0001-6230-9706
http://orcid.org/0000-0003-1989-5492
http://orcid.org/0000-0001-8717-3470
http://orcid.org/0000-0001-5905-5872
http://www.tandfonline.com
https://crossmark.crossref.org/dialog/?doi=10.1080/21645515.2022.2066424&domain=pdf&date_stamp=2022-07-06


injections (SCIT), given as multiple injections at initially 
weekly then monthly intervals over 3 to 5 y.4–2122–23 Both 
SLIT and SCIT are widely used across Europe and North 
America, although some differences in patterns of use and 
regulatory processes exist.24 The development and introduc-
tion of effective SLIT therapies offers practical advantages, in 
terms of a lower risk of systemic reactions, and the capability 
for daily self-administration at home,25 which negates the need 
for multiple physician visits over a prolonged period, a clear 
advantage during the COVID-19 pandemic.26

For grass pollen allergy two SLIT tablet formulations have full 
market authorizations on five continents; one using natural 
allergen extracts from a single grass species, (timothy grass 
[Phleum pratense]), the 1-grass tablet formulation (Grazax™/ 
Grastek®; ALK-Abelló, Hørsholm, Denmark/Merck, 
Kenilworth, NJ, USA) and a 5-grass tablet formulation, Oralair® 
(Stallergenes Greer, Antony, France) with a broader suite of 
pollen allergens, the product characteristics we describe below.

Characteristics of Oralair®

The active components of Oralair® comprise natural pollen 
allergens from five of the Pooideae major grass species 
throughout Europe, North America and Oceania responsible 
for AR due to grass pollen allergy; timothy grass (Phleum 
pratense), sweet vernal grass (Anthoxanthum odoratum), 
cocksfoot/orchard grass (Dactylis glomerata), perennial rye-
grass (Lolium perenne), and meadow grass (Poa pratensis). 
Pollen allergens are incorporated in the pressed tablet as pur-
ified freeze-dried extracts, and include the principal allergens 
from these species, including the important group 1 allergens 
from timothy grass (Phl p 1), sweet vernal grass (Ant o 1), 
cocksfoot (Dac g 1), perennial ryegrass (Lol p 1) and meadow 
grass (Poa p 1) pollens. Additionally, the important group 5 
pollen allergens from these grasses (Phl p 5, Dac g 5, Lol p 5 
annd Poa p 5) are included as well as minor allergens.27–29

The active components of Oralair® comprise natural pollen 
allergens from five of the Pooideae major grass species 
throughout Europe, North America and Oceania responsible 
for AR due to grass pollen allergy; timothy grass (Phleum 
pratense), sweet vernal grass (Anthoxanthum odoratum), 
cocksfoot/orchard grass (Dactylis glomerata), perennial rye-
grass (Lolium perenne), and meadow grass (Poa pratensis). 
Pollen allergens are incorporated in the pressed tablet as pur-
ified freeze-dried extracts, and include the principal allergens 
from these species, including the important group 1 allergens 
from timothy grass (Phl p 1), sweet vernal grass (Ant o 1), 
cocksfoot (Dac g 1), perennial ryegrass (Lol p 1) and meadow 
grass (Poa p 1) pollens. Additionally, the important group 5 
pollen allergens from these grasses (Phl p 5, Dac g 5, Lol p 5 
annd Poa p 5) are included as well as minor allergens.27–29

The active components of Oralair® comprise natural pol-
len allergens from five of the Pooideae major grass species 
throughout Europe, North America, and Oceania responsi-
ble for AR due to grass pollen allergy; timothy grass 
(Phleum pratense), sweet vernal grass (Anthoxanthum odor-
atum), cocksfoot/orchard grass (Dactylis glomerata), peren-
nial ryegrass (Lolium perenne), and meadow grass (Poa 
pratensis). Pollen allergens are incorporated in the pressed 

tablet as purified freeze-dried extracts, and include the prin-
cipal allergens from these species, including the important 
group 1 allergens from timothy grass (Phl p 1), sweet vernal 
grass (Ant o 1), cocksfoot (Dac g 1), perennial ryegrass (Lol 
p 1) and meadow grass (Poa p 1) pollens. Additionally, the 
important group 5 pollen allergens from these grasses (Phl 
p 5, Dac g 5, Lol p 5 annd Poa p 5) are included as well as 
minor allergens.27–29

Inclusion of allergens from these five different grass spe-
cies provides broad coverage across different geographical 
regions where patient’s exposure and sensitization to speci-
fic grass species may differ, and can also accommodate 
patient polysensitization to different grass pollen 
species.27,28 The immunological rationale for including 
allergens from this broad group is that, while there is rela-
tively high homology in amino acid sequence for group 1 
and 5 allergens between different Pooideae species, with 
some degree of shared IgE and B- and T-cell epitopes,29 

there is also evidence of species-specific epitopes for these 
allergens, with minimal cross-reactivity.30,31 A broader epi-
tope repertoire offers a greater opportunity to induce toler-
ance toward multiple pollen species and allergens; recent 
data indicate that the allergens included in Oralair® provide 
a greater range of epitopes relevant to grass pollen allergy in 
European patients than those observed with the alternative 
1-grass pollen tablet.32

Dosing is calibrated on the basis of index of reactivity 
(IR), the manufacturer’s in-house reference standard for 
measuring total allergenic activity, used across all of its AIT 
products. In this system, a 100 IR/mL concentration is one 
which induces a wheal with a geometric mean diameter of 7  
mm following skin-prick testing in 30 sensitized patients.33,34 

The licensed standard dosing of 300 IR contains approxi-
mately 20–25 μg of the timothy grass group five major aller-
gen (Phl p 5). Using the FDA in-vitro standardized 
bioequivalent allergy unit (BAU) this 300 IR dose corre-
sponds to 9,000 BAU.33,35 This differs from the allergen 
content of the 1-grass pollen tablet licensed in Europe and 
the US constituting a single pollen allergen extract from 
timothy grass, which in its licensed dose of 75,000 SQ-T 
contains approximately 10–15 μg/mL of Phl p 5, correspond-
ing to 2,800 BAU,35 although some data evaluating BAU 
using skin-prick testing suggest greater activity (6,200 
BAU).36

The freeze-dried allergen extracts are formulated with inac-
tive ingredients (mannitol, microcrystalline cellulose, croscar-
mellose sodium, colloidal anhydrous silica, magnesium 
stearate, and lactose monohydrate) to generate the final com-
pressed tablet.27,37 This final formulation was designed to deli-
ver a sustained allergen release across the sublingual mucosa 
over 2–3 minutes, with >90% of total allergenic activity 
released within 2 minutes.37 Maximal allergen absorption 
requires 5 minutes,38 as earlier swallowing may reduce allergen 
uptake by mucosal antigen presenting cells (APCs).37 

Following swallowing, the polypeptide/peptide allergen 
extracts undergo proteolytic degradation in the GI tract with 
no significant systemic exposure; as systemic allergen absorp-
tion is limited, no formal pharmacokinetic studies have been 
required or performed.27,37
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Mode of action

In general terms AIT acts by induction of immune tolerance to 
sensitizing allergen through a range of mechanisms, the principles 
of which have been comprehensively reviewed.39–41 In brief, there 
are early and late phases to tolerance induction. Suppression of 
mast cell and basophil/eosinophil trafficking and activity, coupled 
with induction of regulatory T and B cells (Treg and Breg) and 
suppression of allergen-specific Th1/Th2 cells in peripheral blood 
are key early events (occurring over days/weeks).39,41 Later effects 
(over months) include reduction in allergen-specific IgE levels 
and a concomitant increase in competitive specific IgG, and in 
reduction in numbers and/or activity of pro-allergic effector cells 
within the peripheral tissues (skin and mucosa).39,42

In SLIT therapy with Oralair®, following sublingual application, 
allergen extract uptake and capture by oral mucosal dendritic cells 
(Langerhans cells [LC]) is rapid (15–30 minutes) which allows 
antigen processing with minimal proteolytic degradation and 
preservation of T and B cell epitope repertoires.41 Subsequent LC 
migration to the regional lymph nodes occurs over the following 
12–24 hours. There, interaction with naive CD4+ T cells leads to 
Treg/Breg induction and allergen-specific Th1/Th2 cell suppres-
sion, and subsequently the later responses described above.41,42

Efficacy and safety of Oralair® in allergic rhinitis

The clinical efficacy and safety of Oralair® in AR has been 
extensively evaluated in a comprehensive clinical development 
programme, comprising phase I–III studies in adults and chil-
dren in Europe and North America, followed by subsequent 
longitudinal observational studies, and studies utilizing real- 
world data (RWE) from specific patient populations and regis-
tries to evaluate benefit in routine clinical use (Table 1).

Phase I–III studies

The phase I–III studies involved a total of 2,512 patients, of 
which 1,514 received Oralair®.28–43–48–6263–65 In these studies, 
the majority of subjects (approximately 60%) were polysensi-
tized, and 15–20% had co-existing mild asthma. Most studies 
evaluated a pre-coseasonal regimen where treatment was 
initiated 2–4 months before the estimated start of the pollen 
season, then continued throughout the season (for a minimum 
period of 1 month). The primary outcome measures were prin-
cipally those of reduction in ARC symptom scores, using a mean 
or Average Rhinoconjunctivitis Total Symptom Score (ARTSS), 
a daily Combined Score (CS) assessing both symptom reduction 
and use of rescue medications, or an Average Adjusted Symptom 
Score (AAdSS), which also combines symptoms and medication 
use. Safety and tolerability were extensively evaluated.27,63 Most 
studies were conducted for a single season, although one long- 
term study in Europe/Canada evaluated discontinuous treat-
ment over three consecutive seasons and with subsequent 
2-y follow-up.46–48In the single-season European studies, treat-
ment was initially started at a 100 IR dose with gradual up- 
titration by 100 IR increments to the allocated treatment 
dose;28 no up-titration was performed in the US study,45 or in 
the European long-term sustained efficacy study,46 where treat-
ment started with the 300 IR dose on day 1.

The key dose-ranging study in adults aged 18–45 y enrolled 
628 subjects with moderate-to-severe grass pollen-related ARC 
for ≥2 y, with or without mild asthma across 10 European 
countries.28 Three doses were evaluated; 100 IR, 300 IIR,and 
500 IR doses, each given in a pre-coseasonal regimen.28 For the 
primary study outcome, treatment with the 300 IR dose sig-
nificantly reduced the mean RTSS compared with placebo 
(3.58 ± 3.0 vs 4.93 ± 3.2; p = .0001); with a 37% improvement 
in median symptom scores.28 No significant benefit over pla-
cebo was seen with the 100 IR regimen, while outcomes with 
the 500 IR regimen were comparable to that seen with the 300 
IR formulation, with a risk-benefit analysis thereby favoring 
the 300 IR dose.28 The benefit of 300 IR in symptom reduction 
was seen across all patients regardless of symptom severity, 
sensitization status and presence of concomitant mild 
asthma.66 In a subsequent post hoc analysis, evaluating benefit 
in terms of a symptom reduction and lower use of rescue 
medications, the least squares (LS) mean daily CS was 29.6% 
lower in the 300 IR treatment group compared with placebo (p  
< .0001).67 This study established the 300 IR dosing strategy for 
further studies and subsequent clinical use. Data from a phase 
I randomized study show this dose has a rapid onset of action; 
patients were challenged using an allergen-exposure chamber, 
before and during treatment with the 300 IR dose.43 

Incremental reductions in ARTSS were seen as early as week 
1, with a significant benefit compared with placebo after 1  
month, and maintained over 2 and 4 months of treatment, 
where a 33.3% median reduction in ARTSS versus placebo 
was found.43

The principal European pre-licensure pediatric study 
enrolled 278 children and adolescents with moderate-to- 
severe grass pollen-related ARC for ≥2 years (where allergy 
was confirmed by a positive skin prick test response), with or 
without mild asthma.44 Treatment with the 300 IR dose led to 
a reduction in the ARTSS, with a median improvement of 
39.3% compared with placebo. Reductions in ARTSS were 
seen in younger (5–11 y) and older (12–17 y) children, and in 
all patients, regardless of sensitization or asthma status.44 The 
LS mean daily CS was 30.0% lower in the 300 IR treatment 
group compared with placebo (p = .0005).67

The pivotal US study evaluated efficacy and safety of a pre- 
coseasonal 300 IR treatment schedule in 473 adults aged 18–65  
y with grass pollen-related ARC for ≥2 y, with or without mild 
asthma.45 A significant reduction in the LS means of the daily 
CS scores was seen with Oralair® compared with placebo (0.32 
vs 0.45; p < .001); corresponding to a 28.2% difference. Again, 
the benefit was seen irrespective of sensitization status or 
comorbid asthma.45

In a long-term study in 633 adults aged 18–50 y, patients in 
the treatment arm received the 300 IR dose in either a 2-or 
4-month discontinuous pre-coseasonal scheme over three con-
secutive seasons (with a treatment-free period after the end of 
the pollen season, until restarting treatment 2–4-months prior 
to the following pollen season).46 For the third season of active 
treatment, treatment with both the 2- and 4-month pre- 
coseasonal schedule significantly reduced the mean AAdSS by 
36.0% and 34.5%, respectively, compared with placebo (p  
< .0001 for both).46 Reductions in ARTSS and improvement 
in QoL were also seen.46 Follow-up over the subsequent 2 y 
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without treatment indicates sustained benefit; in those patients 
receiving the 4-monthly treatment schedule, compared to pla-
cebo significant, clinically meaningful relative differences in 
the LS means of the daily CS scores in the first and second post- 
treatment years were observed (25.3% [p = .0103] and 28.1% 
[p = .0478], respectively).47,48 Efficacy was independent of sen-
sitization or asthma status.47,48

Across these studies, Oralair® showed a favorable safety pro-
file, apparent in both adult and pediatric subjects, and in 
patients with or without mild asthma.27,63 While adverse reac-
tions (ADRs) were reported in more than 10% of patients, the 
majority were mild or moderate local reactions; chiefly oral 
pruritus (25%) or throat irritation (21%).63 Most occurred dur-
ing the first week of treatment and the frequency decreased with 
subsequent use. Treatment discontinuation was low (<2.5% of 
subjects, all due to local reactions) and in the long-term study 
was lower in each successive season of active treatment, with 
none in the third year.27,63 Systemic ADRs were uncommon, 
with no reported anaphylaxis; no patients receiving Oralair® in 
these studies required use of adrenaline/epinephrine.27,63

These studies supported approval and licensure, initially in 
Europe in 2008, Australia in 2011 and Canada in 2012 (for use 
in patients aged 5–65 y of age), and the US in 2014 (where 
while initial approval was for use in patients aged from 10 to 65  
y, a subsequent license extension for use in children ≥5 y was 
granted in November 2018). Oralair® is currently authorized in 
more than 30 countries.

It should be recognized that no direct head-to-head rando-
mized studies evaluating effectiveness of Oralair® in compar-
ison with the alternative grass pollen SLIT tablet have been 
performed. Furthermore, substantial heterogeneity in study 
design and study outcomes exists, which makes drawing con-
clusions from meta-analysis studies problematic.68

Post-Licensure studies

Data from subsequent studies provides further evidence of effec-
tiveness and safety of Oralair® in real-world use. A large 2-y, 
prospective, open-label, observational study in Germany involving 
1,482 patients aged 4–75 y demonstrated sustained effectiveness 
over 2 consecutive y of treatment,53,54 with a 65.5% reduction in 
the mean rhinoconjunctivitis score in the overall population com-
pared with mean pre-treatment scores; the percentage of patients 
taking symptomatic medication decreased from 83.8% to 42.7%.54 

Results were broadly comparable in both adult and pediatric 
patients, and in both polyallergic and monoallergic patients.54 

A French prospective observational cohort study evaluated 
Oralair® real-world use in 280 adults and 203 children with AR 
and a positive pollen allergy test across a single pollen season, with 
treatment started at least 3 months prior to the start of the 2015 
season.52 The mean treatment duration was 5.2 and 5.6 months in 
adults and children, respectively. About two-thirds of patients 
improved from persistent to intermittent symptoms and from 
moderate-severe to mild disease compared to the previous pollen 
season (75.0% of adults and 85.7% of children) and >50% the 
patients reported the absence of the most frequent symptoms of 
rhinitis during treatment with Oralair®.52

Evidence of sustained effectiveness during and after treat-
ment has been shown in retrospective analyses of longitudinal 
prescription claims databases in France and Germany.60,61 In 
the French study, prescription use for symptomatic AR medi-
cations was identified for patients who had received at least 2 
successive seasonal treatment cycles with grass pollen tablets 
(either Oralair® or Grazax™) (n = 1,099) and compared with 
that used in a control group of patients (n = 27,475) who had 
received only symptomatic AR medications.69 For patients 
receiving grass pollen tablets, medication use was analyzed 
for the period at least 1 y after the last dispensed prescription 
of tablets. This study reported that patients receiving grass 
pollen tablet therapy had a 50% reduction in symptomatic 
medication use, while patients without SLIT therapy had 
a 20% increase in use.60 An extensive retrospective longitudinal 
analysis of a German prescription database compared out-
comes in AR patients who had received treatment with grass 
pollen tablets (either Oralair® or Grazax™) over at least 2 suc-
cessive seasons (n = 2,851) and compared outcomes with 
71,275 matched controls (patients with seasonal AR prescribed 
nasal corticosteroids but no AIT).61 This study followed 
patients for up to 6 y after cessation of SLIT grass pollen tablet 
treatments. Over the follow-up period, symptomatic medica-
tion use in patients receiving grass pollen tablet therapy was 
significantly lower than that seen in the control group (by 
18.8%; p < .001).61

Studies from Spain, Germany, the Netherlands, and Italy 
have shown high levels of treatment compliance and adherence 
across the grass pollen season and patient-reported treatment 
satisfaction.53–55–58 In Spain, treatment adherence over two 
seasons was estimated at 96.8%,55 and in general, both patients 
and specialists exhibited a positive attitude toward the five- 
grass pollen tablet (with patients rating satisfaction as 7.5 on 
a 0–10 scale).55 Treatment compliance in the 2-y German study 
described earlier was high,53 with compliance rated as ‘always’ 
or ‘predominantly yes’ by 97.0% of subjects at the end of the 
first season of treatment.53 Another German study reported 
that compliance rated highly over 1 y,56 while in the 
Netherlands, persistence with treatment was 85% after 1 
month and 70% after 7 months.57 Most recently a large 
German multicentre observational study evaluated Oralair® 
use over one season in 883 children, adolescents, and adults 
with AR, many of whom were polyallergic; outcomes were 
measured using a validated ‘Patient Benefit Index—Allergic 
Rhinitis (PBI-AR) score. Clinically relevant benefit was 
reported in 89–95% of subjects in all age-groups; in adolescents 
and adults, higher benefit was reported in polyallergic subjects 
than in monoallergic subjects.59 Some data indicate benefit in 
patients sensitized to both temperate and subtropical grasses. 
A small observational study evaluated the impact of Oralair® 
over three consecutive pollen seasons in Australian patients (n  
= 63); of which 93.2% had ryegrass pollen allergy. In total, 
74.6% were polysensitized to subtropical and temperate grass 
pollen, and 23.8% monoallergic to temperate grass pollen.70 

Improvements in total symptom scores were observed in both 
monoallergic and polysensitized patients in the first pollen 
season, with these improvements sustained over the second 
and third pollen seasons.70
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Safety has been specifically evaluated in post-approval safety 
studies (PASS), in adults (n = 808),49 children and adolescents 
(n = 796),50 and younger children (5 to 9 y) (n = 307).51 These 
confirm the majority of ADRs to be local, chiefly oral pruritus 
or edema of mild–moderate severity associated with sublingual 
administration; most of these were associated with the first day 
of treatment (supporting the recommendation that the initial 
dose should be administered under physician supervision). 
Treatment discontinuation due to ADRs ranged from 5% to 
9%. No reports of anaphylaxis were evident, and no patients 
required use of adrenaline/epinephrine.49–51

Benefit in patients with allergic rhinitis with or without 
concomitant allergic asthma

A real strength of the two prescription claims database studies 
described above was their indirect analysis of asthma onset 
and progression in AR patients.60,61 In the French prescrip-
tion claims database study, new asthma treatments dispensed 
were also evaluated during follow-up, with new treatments 
dispensed in 1.8% of subjects who received grass pollen tablet 
therapy and in 5.3% receiving only symptomatic 
medications.60 This corresponds to a 63.7% relative risk 
reduction in prescriptions for new asthma in patients receiv-
ing grass pollen tablets compared with control (p = .0018). 
Prior SLIT was also associated with a slower progression of 
asthma medication dispensing during the follow-up period.60 

In the German study, of those patients without asthma at the 
beginning of the study index period, development of asthma 
was less frequent with SLIT compared with the control group; 
both during active treatment (odds ratio [OR]: 0.71;p = .013) 
and over the follow-up period (OR: 0.57; p = .013).61 

Furthermore, time to new asthma onset was significantly 
longer in patients who had received prior SLIT compared 
with the control group, while following grass therapy cessa-
tion, asthma medication dispensed (a proxy for asthma pro-
gression) fell by an additional 16.7% relative to the pre- 
treatment period.61

These data provide indirect supportive evidence for 
a potential preventive effect on disease progression of grass 
pollen allergy tablets, during treatment and prolonged for 
up to 6 y after treatment cessation, where treatment is asso-
ciated with a lower frequency of new onset of asthma 
medication dispensed, delayed onset of asthma medication 
dispensed when asthma does develop, and slower disease 
progression. Further supportive evidence is needed, and 
may be taken from an interesting observational study eval-
uating the development of acute asthma attacks immediately 
following a thunderstorm; ‘epidemic thunderstorm asthma’ 
(ETA).71,72 In Australia, the major allergenic trigger is expo-
sure to ryegrass (Lolium perenne) pollen, and a catastrophic 
ETA event occurred in November 2016 in Melbourne.73 In 
this study, which evaluated asthma exacerbations in patients 
exposed during this ETA event, of 17 subjects who had 
received treatment with Oralair® for seasonal AR, none 
developed an acute asthma exacerbation. In contrast, 7/17 
subjects (41%) in a control group of AR patients who had 
not received any AIT therapy developed an acute asthma 
exacerbation during this ETA event.72 Furthermore, detailed 

analysis of a subgroup of the Melbourne ETA cohort indi-
cated that the degree of sensitization to ryegrass pollen, and 
in particular the group 5 allergen Lol p 5, had discrimina-
tory value between sensitized patients who experienced ETA 
and those who experienced no asthma.74 The fact that Lol 
p 5 is a dominant Group 5 allergen within Oralair® is 
consistent with the strong protective effect observed follow-
ing SLIT.29

Although ETA may be considered a rare weather event, data 
suggest that the risks associated with exposure to Group 5 
allergens are not confined to such events and extreme levels 
of pollen exposure; milder conditions (e.g. increased humidity) 
may exacerbate exposure and even very low levels of pollen 
exposure (10 grains/m3) are associated with increased rates of 
asthma hospitalization, particularly in children.75,76 Asthma- 
related hospitalizations are consistently elevated across a large 
region of eastern Australia during the peak in springtime 
exposure to temperate grass (e.g. ryegrass) pollen, with evi-
dence that children are particularly at risk.77,78 Consequently, 
while current evidence-based guidelines such as the 2019 ARIA 
Care Pathways for AIT highlight that the outcomes reported 
for the Melbourne ETA cohort described above already sup-
port the prioritization of grass pollen AIT for patients at risk of 
thunderstorm asthma,79 they also indicate that AIT should also 
be considered in patients living in geographically at-risk 
regions (for rye grass pollen exposure) who have had asthma 
exacerbations during the pollen season and also those with 
more limited disease such as moderate AR.79

Economic aspects

Treatment costs for Oralair®, given in a pre-coseasonal regi-
men, varies depending upon region. In Germany, agent costs 
when given over a 3-y treatment period (given once daily over 
7 months in a pre-seasonal and co-seasonal schedule) have 
been estimated at €2,100.80 3-y Oralair® SLIT cost estimates 
have also been reported for Austria (€2,813), Spain (€1,523), 
and Switzerland (€ 2,805).81 In contrast, estimated annual 
symptomatic medication costs of €183 have been reported in 
a recent Swedish economic analysis.82 However, these medica-
tion cost differentials are offset by substantial direct and indir-
ect cost benefits achieved with SLIT.83,84

From a formal health economic perspective, numerous stu-
dies have evaluated the cost-effectiveness of AIT in the treat-
ment of AR Studies specifically evaluating the cost- 
effectiveness of Oralair® have reported favorable economic out-
comes in comparison to SCIT and alternative SLIT 
formulations.80,85,86 In one German study (from 2012), using 
a Markov model that included 3-y of treatment with outcomes 
measured over a 9-y time horizon, treatment with Oralair® was 
associated with a predicted cost-utility ratio of €14,728 per 
quality of life year (QALY) gained versus treatment with symp-
tomatic medication alone; well below a willingness-to-pay 
threshold of € 20,000 often used to determine favorable cost- 
effectiveness.86 In this study, Oralair® use would also lead to 
greater cost savings (€1,142) than treatment with an alternative 
1-grass tablet.86 In a second German study (from 2015) using 
a similar model, the authors reported that Oralair® use was 
more cost-effective than treatment with a commercial mix of 
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SCIT allergoids (with incremental cost savings of €458) and 
more cost-effective than symptomatic treatment alone (with 
incremental cost savings of €1,385).80 A Canadian study (from 
2013) found that use of Oralair® was associated with substantial 
cost savings in the first year of treatment compared with SCIT 
($2,471) and 1-grass tablet SLIT therapy ($1168).85 The cost 
savings over SCIT were principally due to SCIT having higher 
physician costs and indirect patient costs associated with work 
lost due to the need to attend for regular specialist appoint-
ments; cost savings over the 1-grass pollen tablet were driven 
chiefly by lower medication costs associated with Oralair® due 
to the pre-coseasonal regimen rather than the perennial regi-
men used with the 1-grass pollen tablet.85

License

In Europe, Oralair® is indicated for the treatment of AR with or 
without conjunctivitis induced by grass pollen in adults, adoles-
cents, and children (above 5 y of age) with clinically relevant 
symptoms, confirmed by a positive skin test and/or a positive 
specific IgE test.87 In the US, while initial approval was for use in 
patients aged from 10 to 65 y, a subsequent license extension for 
use in children ≥5 y was granted in November 2018.88 For all 
patients in the EU, and for those aged 5–17 y in the US, Oralair® 
should be administered as a 100 IR dose on day 1, a 200 IR dose 
on day 2 and then a 300 IR/day dose for the duration of 
treatment.87,88 In the US, up-titration is not necessary for 
patients aged 18–65 y, who can start treatment with the 300 IR 
tablet on day 1.88. The first dose should be administered under 
physician supervision; patients should be monitored for at least 
30 minutes.87,88 In the US, as part of the prescribing information, 
all patients must be prescribed an adrenaline/epinephrine auto-
injector to be used in the case of anaphylactic reactions.88

In the EU and US, Oralair® is contraindicated in patients 
with severe, unstable and/or uncontrolled asthma, and/or 
hypersensitivity to any inactive ingredient in the product.87,88 

Additional contraindications or relative contraindications 
include history of eosinophilic esophagitis, concomitant use 
of beta-blockers, and the presence of severe immunodeficiency, 
autoimmune disease or malignant disease.87,88

Perspective on use in clinical practice

The disease-modifying action of AIT makes it an attractive, and 
currently underutilized, clinical intervention for many patients 
with moderate to severe seasonal AR. Patient selection requires 
a convincing clinical history of seasonal AR due to grass pollen 
allergy with confirmation of sensitization by positive skin prick 
test or measurement of serum allergen-specific IgE. Patients with 
mild AR may respond adequately to symptomatic pharma-
cotherapy, but even with mild AR patient preference may 
recommend SLIT with Oralair® in order to avoid the need for 
chronic medication and to lessen the risk of ETA in geographic 
areas with substantial perennial ryegrass pasturelands.71,72

With Oralair®, treatment regimens typically commence 4  
months pre-seasonally with either pre-seasonal or pre-coseasonal 
regimens of 4 to 6 months annually for 3 or 4 y. Patient education 
optimizes safety and the likelihood of adherence and benefit. The 

first dose should be administered under direct physician observa-
tion with subsequent dosing in the home. Although not part of 
formal preregistration trials, and not necessary for the mechanism 
of action, it is noteworthy that, in clinical practice, coadministra-
tion of a non-sedating antihistamine for the first week or two of 
initiation decreases local ADRs. This does not interfere with 
clinical efficacy or tolerance induction, and may encourage adher-
ence as local pruritus and swelling are typically short term but 
annoying issues for some patients.

Polysensitization is not inherently a contraindication to 
SLIT if patients experience a clear seasonal exacerbation with 
relevant sensitization. Indeed, for those patients polysensitized 
to two or more allergen sources e.g., grass pollen and HDM 
and/or tree pollens such as birch or olive, and/or ragweed 
pollen, some may benefit from use of more than one SLIT 
therapy targeting different allergen types.89 Oralair® can favor-
ably be combined with other forms of AIT such as sublingual 
drops or tablets. Sequential initiation of therapy, staggered at 
a 4-weeks interval between commencing the different AIT 
treatments, has led to the best results in terms of tolerability 
and adherence.89 Thereafter both forms of AIT can be admi-
nistered concurrently, usually one in the morning, then the 
other at night time to reduce any potential interference.

Acknowledgements

Medical writing support in manuscript development was provided by Iain 
O’Neill on behalf of Newmed Publishing Services, in accordance with 
Good Publication Practice (GPP3) guidelines, with an unrestricted grant 
by Stallergenes-Greer.

Disclosure statement

L Klimek reports grants and/or personal fees from Allergopharma, 
MEDA/Mylan, HAL Allergie, ALK Abelló, LETI Pharma, 
Stallergenes, Quintiles, Sanofi, ASIT biotech, Lofarma, Allergy 
Therapeut., AstraZeneca, GSK, Inmunotk, outside the submitted 
work, and Membership: AeDA, DGHNO, Deutsche Akademie für 
Allergologie und klinische Immunologie, HNO-BV, GPA, EAACI. 
R Mösges reports personal fees and/or grants from Allergopharma, 
Allergy Therapeutics, Bencard, Leti, grants, Lofarma, Stallergenes, 
Optima, Friulchem, Hexal, Klosterfrau, FAES, Meda, Novartis, UCB, 
BitopAG, Hulka, Ursapharm, Menarini, Mundipharma, Pohl-Boskamp, 
Inmunotek, Hikma, Sandoz, Lek, Cassella, SanofiGenzyme, Engelhard, 
SmartPeakFlow, Strathos, outside the submitted work. R.Brehler 
reports personal fees from ALK, Allergopharma, Astra Zeneca, 
Bencard, Gesellschaft zur Förderung der Dermatologischen 
Forschung und Fortbildung e.V., Gesellschaft für Information und 
Organization mbH, GSK, HAL, Leti, Merck, Novartis, Oto-Rhino- 
Laryngologischer Verein, Pierre Fabre, Pohl Boskamp, Stallergenes, 
Thermo-Fischer; fees for clinical studies from Allergopharma, 
Bencard, Biotech Tools, Genentech, Leti, Novartis, Circassia. C Bos 
and E Karagiannis are employees of Stallergenes Greer. Alain Didier 
was principal investigator in the clinical development programme of 
Oralair. He declares he has received personal fees for consultancy 
services for ALK and grants for participation in clinical research 
projects with ALK outside the submitted work. RE O’Hehir and DY 
Wang report no potential conflicts of interest with respect to the 
research, authorship and/or publication of this article.

Funding

The work was supported by the Stallergenes Greer.

HUMAN VACCINES & IMMUNOTHERAPEUTICS e2066424-7



ORCID

L. Klimek http://orcid.org/0000-0002-2455-0192
R. Brehler http://orcid.org/0000-0001-8549-5898
R. Mösges http://orcid.org/0000-0002-1928-810X
P. Demoly http://orcid.org/0000-0001-7827-7964
J. Mullol http://orcid.org/0000-0003-3463-5007
D. Y. Wang http://orcid.org/0000-0002-0909-2963
R. E. O’Hehir http://orcid.org/0000-0002-3489-7595
A. Didier http://orcid.org/0000-0001-6230-9706
M. Kopp http://orcid.org/0000-0003-1989-5492
C. Bos http://orcid.org/0000-0001-8717-3470
E. Karagiannis http://orcid.org/0000-0001-5905-5872

References

1. Blaiss MS, Hammerby E, Robinson S, Kennedy-Martin T, Buchs S. 
The burden of allergic rhinitis and allergic rhinoconjunctivitis on 
adolescents: a literature review. Ann Allergy Asthma Immunol. 
2018;121:43–52. doi:10.1016/j.anai.2018.03.028.

2. Ozdoganoglu T, Songu M. The burden of allergic rhinitis and 
asthma. Ther Adv Respir Dis. 2012;6:11–23. doi:10.1177/ 
1753465811431975.

3. Passali D, Cingi C, Staffa P, Passali F, Muluk NB, Bellussi ML. The 
international study of the allergic rhinitis survey: outcomes from 4 
geographical regions. Asia Pac Allergy. 2018;8:e7. doi:10.5415/ 
apallergy.2018.8.e7.

4. Wise SK, Lin SY, Toskala E, Orlandi RR, Akdis CA, Alt JA, Azar A, 
Baroody FM, Bachert C, Canonica GW, et al. International con-
sensus statement on allergy and rhinology: allergic rhinitis. 
Int Forum Allergy Rhinol. 2018;8:108–352. doi:10.1002/alr.22073.

5. Asher MI, Montefort S, Bjorksten B, Lai CK, Strachan DP, 
Weiland SK, Williams H; ISAAC Phase Three Study Group. 
Worldwide time trends in the prevalence of symptoms of asthma, 
allergic rhinoconjunctivitis, and eczema in childhood: ISAAC Phases 
One and Three repeat multicountry cross-sectional surveys. Lancet. 
2006;368:733–43. doi:10.1016/S0140-6736(06)69283-0.

6. Brożek JL, Bousquet J, Agache I, Agarwal A, Bachert C, Bosnic- 
Anticevich S, Brignardello-Petersen R, Canonica GW, Casale T, 
Chavannes NH, et al. Allergic Rhinitis and its Impact on Asthma 
(ARIA) guidelines-2016 revision. J Allergy Clin Immunol. 
2017;140:950–58. doi:10.1016/j.jaci.2017.03.050.

7. Pawankar R, Mori S, Ozu C, Kimura S. Overview on the patho-
mechanisms of allergic rhinitis. Asia Pac Allergy. 2011;1:157–67. 
doi:10.5415/apallergy.2011.1.3.157.

8. Calderon MA, Cox L, Casale TB, Moingeon P, Demoly P. Multiple- 
Allergen and single-allergen immunotherapy strategies in polysen-
sitized patients: looking at the published evidence. J Allergy Clin 
Immunol. 2012;129:929–34. doi:10.1016/j.jaci.2011.11.019.

9. Ciprandi G, Incorvaia C, Frati F; Italian Study Group on P. 
Management of polysensitized patient: from molecular diagnostics 
to biomolecular immunotherapy. Expert Rev Clin Immunol. 
2015;11:973–76. doi:10.1586/1744666X.2015.1062365.

10. D’-Amato G, Cecchi L, Bonini S, Nunes C, Annesi-Maesano I, 
Behrendt H, Liccardi G, Popov T, van Cauwenberge P. Allergenic 
pollen and pollen allergy in Europe. Allergy. 2007;62:976–90. 
doi:10.1111/j.1398-9995.2007.01393.x.

11. Pfaar O, Karatzas K, Bastl K, Berger U, Buters J, Darsow U, 
Demoly P, Durham SR, Galán C, Gehrig R, et al. Pollen season is 
reflected on symptom load for grass and birch pollen-induced 
allergic rhinitis in different geographic areas-An EAACI Task 
Force Report. Allergy. 2020;75:1099–106. doi:10.1111/all.14111.

12. Worm M, Lee HH, Kostev K. Prevalence and treatment profile of 
patients with grass pollen and house dust mite allergy. J Dtsch 
Dermatol Ges. 2013;11:653–61. doi:10.1111/ddg.12089.

13. Arbes SJ Jr., Gergen PJ, Elliott L, Zeldin DC. Prevalences of positive 
skin test responses to 10 common allergens in the US population: 
results from the third National Health and Nutrition Examination 
Survey. J Allergy Clin Immunol. 2005;116:377–83. doi:10.1016/j. 
jaci.2005.05.017.

14. Sedaghat AR, Phipatanakul W, Cunningham MJ. Characterization 
of aeroallergen sensitivities in children with allergic rhinitis and 
chronic rhinosinusitis. Allergy Rhinol (Providence). 
2014;5:143–45. doi:10.2500/ar.2014.5.0102.

15. Kailaivasan TH, Timbrell VL, Solley G, Smith WB, McLean-Tooke 
A, van Nunen S, Smith P, Upham JW, Langguth D, Davies JM. 
Biogeographical variation in specific IgE recognition of temperate 
and subtropical grass pollen allergens in allergic rhinitis patients. 
Clin Transl Immunology. 2020;9:e01103. doi:10.1002/cti2.1103.

16. Dykewicz MS, Wallace DV, Baroody F, Bernstein J, Craig T, 
Finegold I, Huang F, Larenas-Linnemann D, Meltzer E, Steven G, 
et al. Treatment of seasonal allergic rhinitis: an evidence-based 
focused 2017 guideline update. Ann Allergy Asthma Immunol. 
2017;119:489–511, e41. doi:10.1016/j.anai.2017.08.012.

17. May JR, Dolen WK. Management of allergic rhinitis: a review for the 
community pharmacist. Clin Ther. 2017;39:2410–19. doi:10.1016/j. 
clinthera.2017.10.006.

18. Waljee AK, Rogers MA, Lin P, Singal AG, Stein JD, Marks RM, 
Ayanian JZ, Nallamothu BK. Short term use of oral corticosteroids 
and related harms among adults in the United States: population 
based cohort study. Bmj. 2017;357:j1415. doi:10.1136/bmj.j1415.

19. Pfaar O, Angier E, Muraro A, Halken S, Roberts G. Algorithms in 
allergen immunotherapy in allergic rhinoconjunctivitis. Allergy. 
2020;75:2411–14. doi:10.1111/all.14270.

20. Pfaar O, Lou H, Zhang Y, Klimek L, Zhang L. Recent developments 
and highlights in allergen immunotherapy. Allergy. 2018;73:2274–89. 
doi:10.1111/all.13652.

21. Roberts G, Pfaar O, Akdis CA, Ansotegui IJ, Durham SR, Gerth van 
Wijk R, Halken S, Larenas-Linnemann D, Pawankar R, Pitsios C, 
et al. EAACI guidelines on allergen immunotherapy: allergic 
rhinoconjunctivitis. Allergy. 2018;73:765–98. doi:10.1111/all.13317.

22. Muraro A, Roberts G, Halken S, Agache I, Angier E, Fernandez- 
Rivas M, Gerth van Wijk R, Jutel M, Lau S, Pajno G, et al. EAACI 
guidelines on allergen immunotherapy: executive statement. 
Allergy. 2018;73:739–43. doi:10.1111/all.13420.

23. Calderon MA, Waserman S, Bernstein DI, Demoly P, Douglass J, 
Gagnon R, Katelaris CH, Kim H, Nelson HS, Okamoto Y, et al. 
Clinical practice of allergen immunotherapy for allergic rhinocon-
junctivitis and asthma: an expert panel report. J Allergy Clin 
Immunol Pract. 2020;8:2920–36. doi:10.1016/j.jaip.2020.04.071.

24. Mahler V, Esch RE, Kleine-Tebbe J, Lavery WJ, Plunkett G, 
Vieths S, Bernstein DI. Understanding differences in allergen 
immunotherapy products and practices in North America and 
Europe. J Allergy Clin Immunol. 2019;143:813–28. doi:10.1016/j. 
jaci.2019.01.024.

25. Incorvaia C, Al-Ahmad M, Ansotegui I, Arasi S, Bachert C, Bos C, 
et al. Personalized Medicine for allergy treatment: allergen immu-
notherapy still a unique and unmatched model. Allergy. 
2021;76:1041–52. doi:10.1111/all.14575.

26. Klimek L, Jutel M, Akdis C, Bousquet J, Akdis M, Bachert C, Agache I, 
Ansotegui I, Bedbrook A, Bosnic-Anticevich S, et al. Handling of aller-
gen immunotherapy in the COVID-19 pandemic: an ARIA-EAACI 
statement. Allergy. 2020;75:1546–54. doi:10.1111/all.14336.

27. Didier A, Bons B. Safety and tolerability of 5-grass pollen tablet sub-
lingual immunotherapy: pooled analysis and clinical review. Expert 
Opin Drug Saf. 2015;14:777–88. doi:10.1517/14740338.2015.1017468.

28. Didier A, Malling HJ, Worm M, Horak F, Jäger S, Montagut A, 
André C, de Beaumont O, Melac M. Optimal dose, efficacy, and 
safety of once-daily sublingual immunotherapy with a 5-grass 
pollen tablet for seasonal allergic rhinitis. J Allergy Clin 
Immunol. 2007;120:1338–45. doi:10.1016/j.jaci.2007.07.046.

29. Moingeon P, Hrabina M, Bergmann KC, Jaeger S, Frati F, 
Bordas V, Peltre G. Specific immunotherapy for common grass 
pollen allergies: pertinence of a five grass pollen vaccine. Int Arch 
Allergy Immunol. 2008;146:338–42. doi:10.1159/000121468.

30. Archila LD, DeLong JH, Wambre E, James EA, Robinson DM, 
Kwok WW. Grass-Specific CD4(+) T-cells exhibit varying 
degrees of cross-reactivity, implications for allergen-specific 
immunotherapy. Clin Exp Allergy. 2014;44:986–98. doi:10.1111/ 
cea.12324.

e2066424-8 L. KLIMEK ET AL.

https://doi.org/10.1016/j.anai.2018.03.028
https://doi.org/10.1177/1753465811431975
https://doi.org/10.1177/1753465811431975
https://doi.org/10.5415/apallergy.2018.8.e7
https://doi.org/10.5415/apallergy.2018.8.e7
https://doi.org/10.1002/alr.22073
https://doi.org/10.1016/S0140-6736(06)69283-0
https://doi.org/10.1016/j.jaci.2017.03.050
https://doi.org/10.5415/apallergy.2011.1.3.157
https://doi.org/10.1016/j.jaci.2011.11.019
https://doi.org/10.1586/1744666X.2015.1062365
https://doi.org/10.1111/j.1398-9995.2007.01393.x
https://doi.org/10.1111/all.14111
https://doi.org/10.1111/ddg.12089
https://doi.org/10.1016/j.jaci.2005.05.017
https://doi.org/10.1016/j.jaci.2005.05.017
https://doi.org/10.2500/ar.2014.5.0102
https://doi.org/10.1002/cti2.1103
https://doi.org/10.1016/j.anai.2017.08.012
https://doi.org/10.1016/j.clinthera.2017.10.006
https://doi.org/10.1016/j.clinthera.2017.10.006
https://doi.org/10.1136/bmj.j1415
https://doi.org/10.1111/all.14270
https://doi.org/10.1111/all.13652
https://doi.org/10.1111/all.13317
https://doi.org/10.1111/all.13420
https://doi.org/10.1016/j.jaip.2020.04.071
https://doi.org/10.1016/j.jaci.2019.01.024
https://doi.org/10.1016/j.jaci.2019.01.024
https://doi.org/10.1111/all.14575
https://doi.org/10.1111/all.14336
https://doi.org/10.1517/14740338.2015.1017468
https://doi.org/10.1016/j.jaci.2007.07.046
https://doi.org/10.1159/000121468
https://doi.org/10.1111/cea.12324
https://doi.org/10.1111/cea.12324


31. Chabre H, Gouyon B, Huet A, Baron-Bodo V, Nony E, Hrabina M, 
Fenaille F, Lautrette A, Bonvalet M, Maillère B, et al. Molecular 
variability of group 1 and 5 grass pollen allergens between Pooideae 
species: implications for immunotherapy. Clin Exp Allergy. 
2010;40:505–19. doi:10.1111/j.1365-2222.2009.03380.x.

32. Batard T, Sanjuan A, Denis L, Nguyen H, Montagut A, Sastre J, 
Rak S, Cuiné JF. Two grass pollen tablets commercially available for 
allergy immunotherapy display different IgE epitope repertoires. 
Clin Transl Allergy. 2019;9:13. doi:10.1186/s13601-019-0253-z.

33. Demoly P, Passalacqua G, Calderon MA, Yalaoui T. Choosing the 
optimal dose in sublingual immunotherapy: Rationale for the 300 
index of reactivity dose. Clin Transl Allergy. 2015;5:44. 
doi:10.1186/s13601-015-0088-1.

34. Frati F, Scurati S, Puccinelli P, Justicia JL, Adamec T, Sieber HJ, 
Ras L, David M, Marcucci F, Incorvaia C. Development of an 
allergen extract for sublingual immunotherapy–evaluation of 
Staloral. Expert Opin Biol Ther. 2009;9:1207–15. doi:10.1517/ 
14712590903146869.

35. Passalacqua G, Sastre J, Pfaar O, Wahn U, Demoly P. Comparison 
of allergenic extracts from different origins: the value of the FDA’s 
bioequivalent allergy unit (BAU). Expert Rev Clin Immunol. 
2016;12:733–39. doi:10.1080/1744666X.2016.1187561.

36. Larenas Linnemann DE, Singh J, Rosario N, Esch R, Matta JJ, 
Maspero J, Michels A, Mösges R. Similar biological activity in 
skin prick test for Oralair((R)) (8200 BAU) and Grazax((R)) 
(6200 BAU) reinforces effective SLIT dosing level. Allergy. 
2016;71:1782–86. doi:10.1111/all.12998.

37. Canonica GW, Devillier P, Casale T, Demoly P, Bos C, 
Karagiannis E, Passalacqua G, Wahn U, Mascarell L. Clinical 
efficacy of sublingual immunotherapy tablets for allergic rhinitis 
is unlikely to be derived from in vitro allergen-release data. Expert 
Rev Clin Immunol. 2019;15:921–98. doi:10.1080/1744666X.20 
19.1649597.

38. Allam JP, Würtzen PA, Reinartz M, Winter J, Vrtala S, Chen KW, 
Valenta R, Wenghoefer M, Appel T, Gros E, et al. Phl p 5 resorp-
tion in human oral mucosa leads to dose-dependent and 
time-dependent allergen binding by oral mucosal Langerhans 
cells, attenuates their maturation, and enhances their migratory 
and TGF-beta1 and IL-10-producing properties. J Allergy Clin 
Immunol. 2010;126:638–45.e1. doi:10.1016/j.jaci.2010.04.039.

39. Akdis CA, Akdis M. Mechanisms of allergen-specific immunother-
apy and immune tolerance to allergens. World Allergy Organ J. 
2015;8:17. doi:10.1186/s40413-015-0063-2.

40. Moingeon P, Mascarell L. Induction of tolerance via the sublingual 
route: mechanisms and applications. Clin Dev Immunol. 
2012;2012:623474. doi:10.1155/2012/623474.

41. Moingeon P. Update on immune mechanisms associated with sub-
lingual immunotherapy: practical implications for the clinician. 
J Allergy Clin Immunol Pract. 2013;1:228–41. doi:10.1016/j. 
jaip.2013.03.013.

42. Akdis M, Akdis CA. Mechanisms of allergen-specific immunother-
apy: multiple suppressor factors at work in immune tolerance to 
allergens. J Allergy Clin Immunol. 2014;133:621–31. doi:10.1016/j. 
jaci.2013.12.1088.

43. Horak F, Zieglmayer P, Zieglmayer R, Lemell P, Devillier P, 
Montagut A, Mélac M, Galvain S, Jean-Alphonse S, Van 
Overtvelt L, et al. Early onset of action of a 5-grass-pollen 300-IR 
sublingual immunotherapy tablet evaluated in an allergen chal-
lenge chamber. J Allergy Clin Immunol. 2009;124:471–77. 
doi:10.1016/j.jaci.2009.06.006.

44. Wahn U, Tabar A, Kuna P, Halken S, Montagut A, de Beaumont O, 
Le Gall M, Study Group SLIT. Efficacy and safety of 5-grass-pollen 
sublingual immunotherapy tablets in pediatric allergic 
rhinoconjunctivitis. J Allergy Clin Immunol. 2009;123:160–66. 
doi:10.1016/j.jaci.2008.10.009.

45. Cox LS, Casale TB, Nayak AS, Bernstein DI, Creticos PS, 
Ambroisine L, Melac M, Zeldin RK. Clinical efficacy of 300IR 
5-grass pollen sublingual tablet in a US study: the importance 
of allergen-specific serum IgE. J Allergy Clin Immunol. 
2012;130:1327–34. doi:10.1016/j.jaci.2012.08.032.

46. Didier A, Worm M, Horak F, Sussman G, de Beaumont O, Le 
Gall M, Melac M, Malling HJ. Sustained 3-year efficacy of pre- and 
coseasonal 5-grass-pollen sublingual immunotherapy tablets in 
patients with grass pollen-induced rhinoconjunctivitis. J Allergy 
Clin Immunol. 2011;128:559–66. doi:10.1016/j.jaci.2011.06.022.

47. Didier A, Malling HJ, Worm M, Horak F, Sussman G, Melac M, 
Soulié S, Zeldin RK. Post-Treatment efficacy of discontinuous 
treatment with 300IR 5-grass pollen sublingual tablet in adults 
with grass pollen-induced allergic rhinoconjunctivitis. Clin Exp 
Allergy. 2013;43:568–77. doi:10.1111/cea.12100.

48. Didier A, Malling HJ, Worm M, Horak F, Sussman GL. Prolonged 
efficacy of the 300IR 5-grass pollen tablet up to 2 years after treatment 
cessation, as measured by a recommended daily combined score. Clin 
Transl Allergy. 2015;5:12. doi:10.1186/s13601-015-0057-8.

49. 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, noninterven-
tional, multicenter study. Biomed Res Int. 2015;2015:584291. 
doi:10.1155/2015/584291.

50. Eberle P, Brueck H, Gall R, Hadler M, Sieber J, Karagiannis E. An 
observational, real-life safety study of a 5-grass pollen sublingual 
tablet in children and adolescents. Pediatr Allergy Immunol. 
2014;25:760–66. doi:10.1111/pai.12298.

51. Gerstlauer M, Szepfalusi Z, Golden D, Geng B, de Blic J. Real-Life 
safety of 5-grass pollen tablet in 5-to-9-year-old children with 
allergic rhinoconjunctivitis. Ann Allergy Asthma Immunol. 
2019;123:70–80. doi:10.1016/j.anai.2019.04.011.

52. Blin P, Demoly P, Drouet M, Falissard B, Lignot-Maleyran S, 
Maizi H, Lorrain S, Lassalle R, Droz-Perroteau C, Moore N, et al. 
An observational cohort study of the use of five-grass-pollen 
extract sublingual immunotherapy during the 2015 pollen season 
in France. Allergy Asthma Clin Immunol. 2018;14:38. doi:10.1186/ 
s13223-018-0262-9.

53. Shah-Hosseini K, Mioc K, Hadler M, Karagiannis E, Mosges R. 
Optimum treatment strategies for polyallergic patients - analysis of 
a large observational trial. Curr Med Res Opin. 2015;31:2249–59. 
doi:10.1185/03007995.2015.1094653.

54. Shah-Hosseini K, Krudewig EM, Hadler M, Karagiannis E, 
Mosges R. Management of Grass Pollen Allergy with 5-Grass 
Pollen Tablet: Results of a 2-Year Real-Life Study. Adv Ther. 
2017;34:1382–97. doi:10.1007/s12325-017-0535-6.

55. Antolin-Amerigo D, Tabar IA, Del Mar Fernández-Nieto M, 
Callejo-Melgosa AM, Muñoz-Bellido FJ, Martínez-Alonso JC, 
Méndez-Alcalde JD, Reche M, Rodríguez-Trabado A, Rosado- 
Ingelmo A, et al. Satisfaction and quality of life of allergic patients 
following sublingual five-grass pollen tablet immunotherapy in 
Spain. Drugs Context. 2017;6:212309. doi:10.7573/dic.212309.

56. Schafer U, Kienle-Gogolok A, Hadler M, Karagiannis E, 
Schnitzer S. Treatment satisfaction during sublingual immu-
notherapy with a five-grass pollen tablet for allergic rhinoconjunc-
tivitis: a prospective, non-interventional study. Drugs Real World 
Outcomes. 2017;4:109–17. doi:10.1007/s40801-017-0109-6.

57. Ras L, de Groot H, Stengs CH, van Weissenbruch R. Persistence of 
treatment with 5-grass pollen tablets in patients with allergic rhi-
nitis: a real-life study. Ann Allergy Asthma Immunol. 2016;116:52– 
8.e2. doi:10.1016/j.anai.2015.10.018.

58. Pastorello EA, Losappio L, Milani S, Manzotti G, Fanelli V, 
Pravettoni V, Agostinis F, D’-Arcais AF, Dell’-Albani I, Puccinelli P, 
et al. 5-Grass pollen tablets achieve disease control in patients with 
seasonal allergic rhinitis unresponsive to drugs: a real-life study. 
J Asthma Allergy. 2013;6:127–33. doi:10.2147/JAA.S53801.

59. Klein TM, Hadler M, Augustin M, Blome C. Patient needs and 
benefits of sublingual immunotherapy for grass pollen-induced 
allergic rhinitis: an observational study. Immunotherapy. 
2021;13:1193–204. doi:10.2217/imt-2021-0161.

60. Devillier P, Molimard M, Ansolabehere X, Bardoulat I, 
Coulombel N, Maurel F, Le Jeunne P, Demoly P. Immunotherapy 
with grass pollen tablets reduces medication dispensing for allergic 
rhinitis and asthma: a retrospective database study in France. 
Allergy. 2019;74:1317–26. doi:10.1111/all.13705.

HUMAN VACCINES & IMMUNOTHERAPEUTICS e2066424-9

https://doi.org/10.1111/j.1365-2222.2009.03380.x
https://doi.org/10.1186/s13601-019-0253-z
https://doi.org/10.1186/s13601-015-0088-1
https://doi.org/10.1517/14712590903146869
https://doi.org/10.1517/14712590903146869
https://doi.org/10.1080/1744666X.2016.1187561
https://doi.org/10.1111/all.12998
https://doi.org/10.1080/1744666X.2019.1649597
https://doi.org/10.1080/1744666X.2019.1649597
https://doi.org/10.1016/j.jaci.2010.04.039
https://doi.org/10.1186/s40413-015-0063-2
https://doi.org/10.1155/2012/623474
https://doi.org/10.1016/j.jaip.2013.03.013
https://doi.org/10.1016/j.jaip.2013.03.013
https://doi.org/10.1016/j.jaci.2013.12.1088
https://doi.org/10.1016/j.jaci.2013.12.1088
https://doi.org/10.1016/j.jaci.2009.06.006
https://doi.org/10.1016/j.jaci.2008.10.009
https://doi.org/10.1016/j.jaci.2012.08.032
https://doi.org/10.1016/j.jaci.2011.06.022
https://doi.org/10.1111/cea.12100
https://doi.org/10.1186/s13601-015-0057-8
https://doi.org/10.1155/2015/584291
https://doi.org/10.1111/pai.12298
https://doi.org/10.1016/j.anai.2019.04.011
https://doi.org/10.1186/s13223-018-0262-9
https://doi.org/10.1186/s13223-018-0262-9
https://doi.org/10.1185/03007995.2015.1094653
https://doi.org/10.1007/s12325-017-0535-6
https://doi.org/10.7573/dic.212309
https://doi.org/10.1007/s40801-017-0109-6
https://doi.org/10.1016/j.anai.2015.10.018
https://doi.org/10.2147/JAA.S53801
https://doi.org/10.2217/imt-2021-0161
https://doi.org/10.1111/all.13705


61. Zielen S, Devillier P, Heinrich J, Richter H, Wahn U. Sublingual 
immunotherapy provides long-term relief in allergic rhinitis and 
reduces the risk of asthma: a retrospective, real-world database 
analysis. Allergy. 2018;73:165–77. doi:10.1111/all.13213.

62. Didier A, Wahn U, Horak F, Cox LS. Five-Grass-Pollen sublingual 
immunotherapy tablet for the treatment of grass-pollen-induced 
allergic rhinoconjunctivitis: 5 years of experience. Expert Rev Clin 
Immunol. 2014;10:1309–24. doi:10.1586/1744666X.2014.957677.

63. Casale TB, Cox LS, Wahn U, Golden DBK, Bons B, Didier A. Safety 
review of 5-grass pollen tablet from pooled data of clinical trials. 
J Allergy Clin Immunol Pract. 2017;5:1717–27.e1. doi:10.1016/j. 
jaip.2017.04.020.

64. Larsen TH, Poulsen LK, Melac M, Combebias A, Andre C, 
Malling HJ. Safety and tolerability of grass pollen tablets in sublin-
gual immunotherapy–a phase-1 study. Allergy. 2006;61:1173–76. 
doi:10.1111/j.1398-9995.2006.01203.x.

65. Stallergenes. Safety and efficacy in phase III study on 300 IR SLIT 
to patients suffering from grass pollen rhinoconjunctivitis 
[VO60.08]. [accessed 2022 Mar 4]. http://clinicaltrials.gov/show/ 
NCT00803244 

66. Malling HJ, Montagut A, Melac M, Patriarca G, Panzner P, 
Seberova E, Didier A. Efficacy and safety of 5-grass pollen sublin-
gual immunotherapy tablets in patients with different clinical pro-
files of allergic rhinoconjunctivitis. Clin Exp Allergy. 
2009;39:387–93. doi:10.1111/j.1365-2222.2008.03152.x.

67. Wahn UMH, Cox LS, Soulié S, Zeldin R. Efficacy of 300IR 5-grass 
pollen extract sublingual tablet assessed by daily combined score: 
results of three double-blind placebo controlled natural field stu-
dies in children/adolescents and adults. Allergy. 2013;68:550–51.

68. Larenas-Linnemann D. How does the efficacy and safety of Oralair 
compare to other products on the market? Ther Clin Risk Manag. 
2016;12:831–50. doi:10.2147/TCRM.S70363.

69. Devillier P, Demoly P, Molimard M. Allergen immunotherapy: 
what is the added value of real-world evidence from retrospective 
claims database studies? Expert Rev Respir Med. 2020;14:445–52. 
doi:10.1080/17476348.2020.1733417.

70. Van Nunen SA, Burk MB, Burton PK, Ford G, Harvey RJ, 
Lozynsky A, Pickford E, Rimmer JS, Smart J, Sutherland MF, 
et al. 5-Grass-Pollen SLIT effectiveness in seasonal allergic rhinitis: 
impact of sensitization to subtropical Grass Pollen. World Allergy 
Organ J. 2022;15:100632. doi:10.1016/j.waojou.2022.100632.

71. Thien F, Beggs PJ, Csutoros D, Darvall J, Hew M, Davies JM, 
Bardin PG, Bannister T, Barnes S, Bellomo R, et al. The 
Melbourne epidemic thunderstorm asthma event 2016: an investi-
gation of environmental triggers, effect on health services, and 
patient risk factors. Lancet Planet Health. 2018;2:e255–e63. 
doi:10.1016/S2542-5196(18)30120-7.

72. O’-Hehir RE, Varese NP, Deckert K, Zubrinich CM, van Zelm MC, 
Rolland JM, Hew M. Epidemic thunderstorm asthma protection 
with five-grass pollen tablet sublingual immunotherapy: a clinical 
trial. Am J Respir Crit Care Med. 2018;198:126–28. doi:10.1164/ 
rccm.201711-2337LE.

73. Heeringa JJ, McKenzie CI, Varese N, Hew M, Atcm B, Aui PM, 
Rolland JM, O’-Hehir RE, van Zelm MC. Induction of IgG2 and 
IgG4 B-cell memory following sublingual immunotherapy for rye-
grass pollen allergy. Allergy. 2020;75:1121–32. doi:10.1111/all.14073.

74. Hew M, Lee J, Varese N, Aui PM, McKenzie CI, Wines BD, 
Aumann H, Rolland JM, Mark Hogarth P, van Zelm MC, et al. 
Epidemic thunderstorm asthma susceptibility from sensitization to 
ryegrass (Lolium perenne) pollen and major allergen Lol p 5. 
Allergy. 2020;75:2369–72. doi:10.1111/all.14319.

75. Buters J, Prank M, Sofiev M, Pusch G, Albertini R, Annesi- 
Maesano I, Antunes C, Behrendt H, Berger U, Brandao R, et al. 
Variation of the group 5 grass pollen allergen content of airborne 

pollen in relation to geographic location and time in season. 
J Allergy Clin Immunol. 2015;136:87–95. doi:10.1016/j.jaci. 
2015.01.049.

76. Erbas B, Jazayeri M, Lambert KA, Katelaris CH, Prendergast LA, 
Tham R, Parrodi MJ, Davies J, Newbigin E, Abramson MJ, et al. 
Outdoor pollen is a trigger of child and adolescent asthma emer-
gency department presentations: a systematic review and 
meta-analysis. Allergy. 2018;73:1632–41. doi:10.1111/all.13407.

77. Silver JD, Sutherland MF, Johnston FH, Lampugnani ER, 
McCarthy MA, Jacobs SJ, Pezza AB, Newbigin EJ. Seasonal asthma 
in Melbourne, Australia, and some observations on the occurrence 
of thunderstorm asthma and its predictability. PLoS One. 2018;13: 
e0194929. doi:10.1371/journal.pone.0194929.

78. Hayden TJ, Muscatello DJ. Increased presentations to emergency 
departments for asthma associated with rye grass pollen season in 
inland NSW. N S W Public Health Bull. 2011;22:154–58. 
doi:10.1071/NB10035.

79. Bousquet J, Pfaar O, Agache I, Bedbrook A, Akdis CA, 
Canonica GW, Chivato T, Al-Ahmad M, Abdul Latiff AH, 
Ansotegui IJ, et al. ARIA Care pathways for allergen 
immunotherapy. Allergy. 2019;74:2087–102. doi:10.1111/all.13805.

80. Verheggen BG, Westerhout KY, Schreder CH, Augustin M. Health 
economic comparison of SLIT allergen and SCIT allergoid immu-
notherapy in patients with seasonal grass-allergic rhinoconjuncti-
vitis in Germany. Clin Transl Allergy. 2015;5:1. doi:10.1186/ 
s13601-015-0045-z.

81. Bruggenjurgen B, Reinhold T. Cost-Effectiveness of grass pollen 
subcutaneous immunotherapy (SCIT) compared to sublingual 
immunotherapy (SLIT) and symptomatic treatment in Austria, 
Spain, and Switzerland. J Med Econ. 2018;21:374–81. 
doi:10.1080/13696998.2017.1419959.

82. Olsson P, Skröder C, Ahlbeck L, Hjalte F, Welin KO, Westin U, 
Andersson M, Ahlström-Emanuelsson C, Cardell LO. 
HealthSWEDE: costs with sublingual immunotherapy-a Swedish 
questionnaire study. Allergy Asthma Clin Immunol. 2021;17:55. 
doi:10.1186/s13223-021-00560-3.

83. Cox LS, Murphey A, Hankin C. The cost-effectiveness of allergen 
immunotherapy compared with pharmacotherapy for treatment of 
allergic rhinitis and asthma. Immunol Allergy Clin North Am. 
2020;40:69–85. doi:10.1016/j.iac.2019.09.003.

84. Cox L. Pharmacoeconomics of allergy immunotherapy versus 
pharmacotherapy. Expert Rev Clin Immunol. 2021;17:255–68. 
doi:10.1080/1744666X.2021.1886079.

85. Dranitsaris G, Ellis AK. Sublingual or subcutaneous immunother-
apy for seasonal allergic rhinitis: an indirect analysis of efficacy, 
safety and cost. J Eval Clin Pract. 2014;20:225–38. doi:10.1111/ 
jep.12112.

86. Westerhout KY, Verheggen BG, Schreder CH, Augustin M. Cost 
effectiveness analysis of immunotherapy in patients with grass 
pollen allergic rhinoconjunctivitis in Germany. J Med Econ. 
2012;15:906–17. doi:10.3111/13696998.2012.688904.

87. Summary of product characteristics: Oralair® 100 IR & 300 IR 
sublingual tablets. Health Products Regulatory Authority; 2020, 
https://www.hpra.ie/img/uploaded/swedocuments/Licence_ 
PA2113-001-001_05032020110248.pdf 

88. US PrescribingInformation: Oralair® (Sweet Vernal, Orchard, 
Perennial Rye, Timothy, andKentucky Blue Grass Mixed 
Pollens Allergen Extract) Tablet for Sublingual Use. 
Stallergenes S.A; 2014. https://oralair.com/docs/ORALAIR% 
20Prescribing%20Information-Med%20Guide.pdf 

89. Demoly P, Passalacqua G, Pfaar O, Sastre J, Wahn U. Management 
of the polyallergic patient with allergy immunotherapy: a 
practice-based approach. Allergy Asthma Clin Immunol. 
2016;12:2. doi:10.1186/s13223-015-0109-6.

e2066424-10 L. KLIMEK ET AL.

https://doi.org/10.1111/all.13213
https://doi.org/10.1586/1744666X.2014.957677
https://doi.org/10.1016/j.jaip.2017.04.020
https://doi.org/10.1016/j.jaip.2017.04.020
https://doi.org/10.1111/j.1398-9995.2006.01203.x
http://clinicaltrials.gov/show/NCT00803244
http://clinicaltrials.gov/show/NCT00803244
https://doi.org/10.1111/j.1365-2222.2008.03152.x
https://doi.org/10.2147/TCRM.S70363
https://doi.org/10.1080/17476348.2020.1733417
https://doi.org/10.1016/j.waojou.2022.100632
https://doi.org/10.1016/S2542-5196(18)30120-7
https://doi.org/10.1164/rccm.201711-2337LE
https://doi.org/10.1164/rccm.201711-2337LE
https://doi.org/10.1111/all.14073
https://doi.org/10.1111/all.14319
https://doi.org/10.1016/j.jaci.2015.01.049
https://doi.org/10.1016/j.jaci.2015.01.049
https://doi.org/10.1111/all.13407
https://doi.org/10.1371/journal.pone.0194929
https://doi.org/10.1071/NB10035
https://doi.org/10.1111/all.13805
https://doi.org/10.1186/s13601-015-0045-z
https://doi.org/10.1186/s13601-015-0045-z
https://doi.org/10.1080/13696998.2017.1419959
https://doi.org/10.1186/s13223-021-00560-3
https://doi.org/10.1016/j.iac.2019.09.003
https://doi.org/10.1080/1744666X.2021.1886079
https://doi.org/10.1111/jep.12112
https://doi.org/10.1111/jep.12112
https://doi.org/10.3111/13696998.2012.688904
https://www.hpra.ie/img/uploaded/swedocuments/Licence_PA2113-001-001_05032020110248.pdf
https://www.hpra.ie/img/uploaded/swedocuments/Licence_PA2113-001-001_05032020110248.pdf
https://oralair.com/docs/ORALAIR%20Prescribing%20Information-Med%20Guide.pdf
https://oralair.com/docs/ORALAIR%20Prescribing%20Information-Med%20Guide.pdf
https://doi.org/10.1186/s13223-015-0109-6

	Abstract
	Background
	Characteristics of Oralair®
	Mode of action

	Efficacy and safety of Oralair® in allergic rhinitis
	Phase I–III studies
	Post-Licensure studies
	Benefit in patients with allergic rhinitis with or without concomitant allergic asthma
	Economic aspects

	License
	Perspective on use in clinical practice
	Acknowledgements
	Disclosure statement
	Funding
	ORCID
	References

