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ABSTRACT

Allergic asthma is the predominant phenotype among asthmatics. Although conventional pharmacotherapy is a central compo-
nent in the management of asthma, it does not enable control of asthma symptoms in all patients. In recent decades, some uncon-
trolled asthmatic patients, especially those with allergic asthma, have benefited from biological therapies. However, biologics do
not address all the unmet needs left by conventional pharmacotherapy. Furthermore, it is noteworthy that neither conventional
pharmacotherapy nor biological therapies have disease-modifying properties. In this context, allergen immunotherapy (AIT)
represents an indispensable component of the therapeutic arsenal against allergic asthma, due to its disease-modifying immu-
nological effects. In this review article, funded by an AIT manufacturer, we find clinical trials support AIT as the only treatment
option able both to improve allergic asthma symptoms and to prevent the onset and worsening of the condition. For patients with
severe asthma or other safety concerns, the combination of AIT and biologics offers very promising new treatment modalities
for the management of allergic asthma.

Trial Registration: clinicaltrials.gov identifier: NCT06027073

Abbreviations: AIT, allergen immunotherapy; BHR, bronchial hyperresponsiveness; Breg, regulatory B; C1q, complement component 1q; CD, cluster of differentiation molecule; CTLA-4,
cytotoxic T-lymphocyte associated protein 4; DC, dendritic cells; DC2, type 2 dendritic cells; DCreg, regulatory dendritic cells; FeNO, fractional exhaled nitric oxide; FEV , forced expiratory
volume in the first second; GINA, Global Initiative for Asthma; HDM, house dust mites; HR, hazard ratio; ICS, inhaled corticosteroids; iDC, immature dendritic cells; IFN-y, interferon gamma;
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Summary

« Allergen immunotherapy is a disease-modifying ap-
proach to be considered in the management of allergic
asthma

« Numerous studies suggest that allergen immunother-
apy may prevent asthma onset and worsening and im-
proves asthma symptoms

» The combination of allergen immunotherapy and bio-
logics may further improve the management of aller-
gic asthma

1 | Introduction

Asthma is a chronic inflammatory respiratory disease of the
lower airways that affects more than 350 million people world-
wide, accounts for 0.4 million deaths per year, and is increasing
in prevalence [1-5]. Especially when it is not controlled, it can
result in a marked deterioration in quality of life [6], not to men-
tion its economic burden, which increases with disease severity
[1, 7-10].

Asthma is characterised by the combination, to varying degrees,
of bronchial hyperresponsiveness (BHR), inflammation of the
airways and their obstruction by mucus plugs and remodelling
of their walls, which translates into respiratory distress, chest
tightness, wheezing, coughing, sputum formation and exercise
intolerance [4, 11, 12]. Both the complexity and heterogeneity of
the disease [6, 13, 14] have led to the definition of the so-called
‘asthma endotypes’, with the aim to develop personalised ther-
apies [14].

To begin with, one may distinguish between two major asthma
subtypes, namely, Th2-high or type 2-high asthma, more simply
called ‘type 2 asthma’, and Th2-low, type 2-low or ‘non-type 2
asthma’ [5]. Type 2 asthma is characterised by the role of Th2
cytokines, notably interleukin (IL)-4, IL-5 and IL-13, and in-
volves dendritic cells, Th2 lymphocytes, type 2 innate lymphoid
cells (ILC2), epithelial cells, fibrocytes, smooth muscle cells, M2
macrophages, natural killer (NK)-T cells producing type 2 cyto-
kines, mast cells and eosinophils [6]. It is especially associated
with high risk of exacerbations and accelerated lung function
decline [5]. As for non-type 2 asthma, it involves IL-8, IL-17 and
IL-23, as well as Th17 lymphocytes, neutrophils and mast cells
[6, 15]. Type 2 asthma was reported to account for 50% of pa-
tients with mild-to-moderate asthma [16] and for 70% of those
suffering from severe asthma [17].

Beyond the distinction between non-type 2 and type 2 asthma,
the latter encompasses allergic and/or eosinophilic asthma [6].
It is worth noting that among the different types of asthma iden-
tified, allergic—that is, allergen-triggered—asthma is the most
common [18-21] and the most easily recognised one [12].

In the following sections, we shall first overview the man-
agement of asthma using conventional pharmacotherapy and
identify the needs it fails to meet when it comes to more se-
vere forms of the disease. We will then address the manage-
ment of the latter with biological therapies, and what needs are
still unmet by them. Finally, following the strategy described

in Data S1, we shall review the benefits of allergen immuno-
therapy (AIT), either as a standalone or as an add-on to con-
ventional pharmacotherapy and/or biological therapy, in the
management of allergic asthma, from both the preventive and
therapeutic points of view.

2 | From Asthma Management by Conventional
Pharmacotherapy to Severe Asthma and Its Unmet
Needs

2.1 | General Principles of Asthma Management

Asthma management aims to achieve good symptom control,
prevent asthma exacerbations and minimise future risk of per-
sistent airflow limitation, asthma-related death and treatment-
related side effects [12]. For both symptom control and future
risk reduction, it implies a continual cycle of assessment,
treatment and review of the patient's response. The treatment
options to be considered depend on asthma severity. At the
population level, these options mainly rely on evidence about
symptoms and exacerbations, as obtained from randomised
controlled trials, pragmatic studies and strong observational
data, but also rely of course on the treatment availability and
cost. Options can be adjusted at the individual patient level,
taking into account the patient’s characteristic or phenotype,
the patient's views as well as practical issues [12, 22]. The man-
agement of asthma by conventional pharmacotherapy is de-
scribed in detail in Data S2.

2.2 | Severe Asthma and Corresponding
Unmet Needs

Severe asthma is defined as asthma requiring a high level of
conventional pharmacological treatment, namely, high doses of
inhaled corticosteroids (ICS). The definition of severe asthma
most widely used in recent years is the one given by a task
force supported by the European Respiratory Society and the
American Thoracic Society [4]. Provided the diagnosis of asthma
is confirmed and comorbidities have been addressed, this defi-
nition reads: ‘asthma which requires treatment with high-dose
ICS plus a second controller (and/or systemic corticosteroids) to
prevent it from becoming “uncontrolled” or which remains “un-
controlled” despite this therapy’ [23]. Actually, it was recently
reported that asthma severity paralleled the intensity of drug
treatment [24].

From about 3% to 13% of asthmatic patients suffer from a se-
vere form of the disease, accounting for more than 50% of the
asthma-related economic burden, not to mention substantial so-
cial overheads [4, 23, 25, 26]. Generally, patients suffering from
severe asthma have their symptoms controlled by ICS plus short-
acting 3, agonists (SABAs) or long-acting 3, agonists (LABAS),
but ~4%-20% of them do not respond to these guideline-based
treatments, accounting for ~80% of the total asthma-related eco-
nomic burden [14, 26]. Several approaches have been developed
to address the unmet needs of these uncontrolled severe asthma
patients. Especially if they suffer from type 2 asthma, they may
be prescribed biologics, provided that they are eligible and that
such treatments are locally available [27].
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3 | Biological Therapies: A Fast-Growing Approach
to Asthma Treatment

3.1 | Biological Therapies in the Management
of Asthma

Several monoclonal antibodies (mAbs) have been registered
to treat moderate-to-severe asthma, as described in Data S3. It
is worth stressing that, among the characteristics of asthma,
they essentially target inflammation [6], and that, on the other
hand, they are mainly intended to treat the type 2 form of the
disease [4, 15, 27, 28], especially allergic asthma. As a matter
of fact, they are specific for various factors involved in the al-
lergen sensitisation and allergic reaction cascades, from TSLP
and Th2 cytokines (typically IL-4, IL-5 and IL-13) or receptors
thereof, upstream of this cascade, to IgE, more downstream
[28] (Figure 1, Data S3 and Table S1). These biologics have
revolutionised the management of severe asthma [26]. They
indeed allow to reduce asthma exacerbations, improve asthma
control, reduce the use of corticosteroids, typically oral corti-
costeroids (OCS, up to complete withdrawal) and/or improve
lung function and/or asthma-related quality of life of patients
[4, 6] (Table S2). As an illustration, eligibility criteria in the
USA are described for some of them in Table S3, as well as
the proportion of severe asthmatic patients that are eligible
for each. Akenroye et al. reported the proportion of patients
eligible for a given mAbD that are also eligible for another one,
such an overlap making it possible to switch between biolog-
ics. For example, 100% of patients eligible for reslizumab (anti-
IL-5) and/or benralizumab (anti-IL-5Rca), and ~70%-80% of
patients eligible for omalizumab (anti-IgE), are also eligible for
mepolizumab (anti-IL-5) and dupilumab (anti-IL-4Ra) [26]. In
practice, however, prescription criteria of biologics, as well as
ease of access to them, differ significantly depending on the
country [29].

3.2 | Still Unmet Needs in Allergic Asthma

Type 2 asthma, including allergic asthma, is overall associated
with a good response to type 2-targeted biologics [5]. However,
not all patients with asthma, whether allergic or not, respond
to conventional pharmacotherapy and biological therapies, rep-
resenting still unmet health needs [30, 31]. In addition, biolog-
ical therapy does not generally make it possible to completely
dispense with conventional pharmacotherapy, because of a
possible decline in lung function associated with increase in
fractional exhaled nitric oxide (FeNO) and decrease in forced
expiratory volume in the first second (FEV,) [32], although,
on the other hand, pharmacotherapy is itself associated with
adverse events. Notably, systemic corticosteroids can trigger
serious side effects such as osteoporosis, diabetes and car-
diovascular disease, even in case of infrequent short bursts,
hence the phrase ‘people remodelling’ coined to denote steroid-
induced health issues [27]. These side effects are especially
likely, since neither conventional pharmacotherapy nor biologi-
cal therapy are truly disease-modifying approaches [33], that is,
able to induce so-called ‘asthma remission off treatment’ [34],
so that they must be taken over long periods, potentially for life.
For example, the benefits of ICS are lost as soon as they are
stopped [33]. Likewise, in most patients with severe asthma, the

benefits of biologics are only maintained during treatment, and
discontinuation of the latter can lead to the so-called ‘flare-up’
of asthma, with a resurgence of asthma exacerbations and/or
loss of asthma control [34]. Hence the importance of truly cu-
rative approaches.

4 | AIT and Allergic Asthma

So far, AIT is the only treatment known to address the under-
lying cause of IgE-mediated allergies, thereby offering long-
term clinical benefits after its discontinuation [35-37]. This
disease-modifying treatment consists of the administration of
increasing doses of allergen extract, followed by the delivery of a
maintenance dose, mainly through the subcutaneous or sublin-
gual route (SCIT and SLIT, respectively) [36]. This results in the
dampening of allergen-specific type 2 immunity and in the pro-
duction of so-called ‘blocking’ IgG and IgA antibodies, which
prevent IgE from binding to allergens [36, 38-40] (Figure 2).
As regards asthma, AIT has the potential to prevent patients
with allergic rhinitis to develop allergic asthma, or those with
an established allergic asthma to see it aggravated. It also has
the potential to treat such an established allergic asthma. With
respect to the latter aim, AIT may be associated with biolog-
ics, especially when it comes to treating severe allergic asthma
(Figure 3).

4.1 | AIT in the Prevention of the Onset
and Worsening of Allergic Asthma

4.1.1 | The Rationale Behind AIT-Based Prevention
of Allergic Asthma Onset and Worsening

It has been suggested that allergic rhinitis and allergic asthma
represent a continuum of disease [41], simply called ‘respiratory
allergy’ [42]. A study by Linneberg et al. supports the hypothe-
sis that they are manifestations of the same disease entity [43],
hence the so-called ‘united airway disease hypothesis’ [44] or
‘unified airway model’ [45]. The fact is that they are closely as-
sociated conditions, as expected from their being both the result
of a Th2 bias [44, 46].

It has been reported that individuals with allergic rhinitis, es-
pecially children, often develop asthma over time [44, 47]. As
a matter of fact, rhinitis is a significant risk factor for subse-
quent asthma development [48], especially when it is associ-
ated with BHR [49, 50]. More precisely, patients suffering from
allergic rhinitis display a 2- to 7-fold increased risk of devel-
oping asthma [51-53]. That allergic rhinitis generally evolves
into allergic asthma, rather than the other way around, is sup-
ported by the high prevalence of nonasthmatic patients with
allergic rhinitis (> 50%), compared with the low proportion of
patients displaying allergic asthma without rhinitis (<20%)
[45, 54-56]. Extension of inflammation to the lower airways
is observed especially in patients with perennial allergic rhi-
nitis [55]. The evolution of the allergic condition from rhinitis
only to both rhinitis and asthma might be due, at least in part,
to a strengthening of the underlying Th2 skewing [57, 58].
Insofar as AIT has an impact on such a bias [36, 59], this
treatment is expected to halt [42, 44, 60], or at least slow [61],
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FIGURE1 | The mAbs registered to treat moderate-to-severe asthma and their targets within the cascades leading to allergen sensitisation and
allergic inflammation.

the progression from allergic rhinitis to allergic asthma. It is be associated with worsening of coexisting asthma [46], and
also expected to have an impact on the worsening of allergic that Th2 inflammation appears to be involved in the sever-
asthma itself, given that uncontrolled allergic rhinitis may ity of asthma, as mentioned above. On the contrary, it has
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been suggested that allergen-driven bronchial inflammation increased severity and duration of rhinitis [63]. In a virtuous

can promote nasal inflammation [62]. In this connection, it circle, AIT-driven prevention or reduction of allergic asthma
has been recently reported that asthma is associated with may therefore benefit allergic rhinitis.
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4.1.2 | AIT-Based Prevention of the Onset
of Allergic Asthma

4.1.2.1 | Prospective Clinical Trials. An  open
randomised controlled trial (RCT) of SCIT was conducted
as early as 1954 on 200 subjects over 10years of age suffering
from grass pollen-induced allergic rhinitis, with or without
asthma. Among the 143 patients with no asthma before
treatment, 3 developed asthma during the period of coseasonal
SCIT treatment with grass pollen allergens, all of them being
administered the placebo [64]. To focus on trials conducted
within the last four decades, we identified 14 articles addressing
the prospective clinical evaluation of AIT's preventive potential
on asthma development. They involved a total of more than 1700
children, adolescents and adults suffering from allergic rhinitis,
especially when it is associated with BHR (Table 1). They
describe 10 studies ranging from open uncontrolled or controlled
trials (2 studies) and open RCTs (4 studies) to randomised,
double-blind, placebo-controlled (RDBPC) trials (4 studies),
and covering AIT with extracts of either house dust mites
(HDM) or grass, tree or weed pollens, whether administered
subcutaneously (6 studies), sublingually (3 studies) or orally (1
study). Overall, these studies indicate that not only does AIT
appear to prevent the development of asthma in patients with
allergic rhinitis [65-67, 70-73, 75], but this preventive effect
seems to be maintained for years after AIT termination [18,
68, 69, 74, 76]. Prevention of the onset of asthma [67, 72, 73]
and its maintenance [68, 74| reached statistical significance
in 4 clinical trials, all of them being open controlled studies,
and 3 of which involved randomisation [67, 68, 72, 73]. They
were conducted using either subcutaneous injection [67, 68, 74]
or sublingual administration [72, 73] of HDM extracts [74],
pollen extracts [67, 68, 72| or both (Table 1) [73].

Random-effects meta-analysis of six of the trials described
above [65-67, 70, 72, 73] demonstrated a significantly reduced
short-term risk of developing asthma in patients with estab-
lished allergic rhinitis [78]. This significant preventive effect of

AIT was especially observed in patients aged under 18 and those
receiving pollen AIT [78].

The largest and optimally designed clinical study addressing the
prevention of asthma development by AIT was a RDBPC trial
conducted in 812 children aged 5 to 12 with grass pollen-induced
rhinoconjunctivitis, treated by SLIT for 3years and then followed
for 2years [77]. Admittedly, this trial did not meet its primary end-
point, namely, a difference in time to onset of asthma between the
AIT and placebo groups (Table 1). However, it did show that AIT
significantly reduced the risk of developing asthma symptoms or
using pharmacotherapy for asthma in patients having developed
the condition (OR 0.66; p<0.05), whether during the 2-year fol-
low-up period or the whole 5-year study period [77]. This study
was part of a recent pooled comparison of SLIT and non-SLIT
treatment, along with three other studies, two of which are men-
tioned above [72, 73], the third one being a non-randomised open
case—control observational study on 171 children and adolescents
[79]. According to this pooled analysis, the incidence of develop-
ing asthma was significantly lower in patients receiving SLIT,
compared with the non-SLIT group (RR 0.43; p <0.05) [80].

4.1.2.2 | Real-World Retrospective Database
Analyses. Real-world retrospective studies relying on
databases can be seen as complementary to prospective
clinical trials. On the one hand, and compared with the latter,
the former run the risk of bias, insofar as patients selected
for AIT may differ from other allergic patients [44]. On the other
hand, when compared with clinical trials, retrospective studies
deserve credit for generally allowing for observation of larger,
more inclusive populations of patients on longer periods [81-
84]. We identified nine such studies addressing the preventive
effect of AIT on asthma development [85-95], the treatment
consisting of either subcutaneous or sublingual administration
of natural extracts or allergoids (Table 2). These studies, relying
on German and French databases, included a total of more
than 840,000 children, adolescents and adults suffering from
allergies to seasonal or perennial allergens. According to
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all nine studies but one, the risk of developing asthma was
significantly lower in subjects receiving AIT, compared with
control patients (Table 2). Two of them, focusing on grass
pollen allergy, indicated that the preventive effect of AIT was
significantly maintained after AIT termination [87, 88]. During
the overall analysis period of two other studies, addressing
allergy to tree or grass/cereal pollen, only SLIT with natural
extract induced a significantly reduced risk of developing
asthma, compared with SCIT involving either natural
extracts or allergoids [89, 91]. The so-called ‘EfficAPSI study’
alone involved almost 450,000 patients aged 5years and over
and focused on liquid SLIT [92, 93]. It indicated that, depending
on the definition of asthma onset, the risk of developing
asthma was significantly reduced by ~20 up to ~40% in patients
receiving liquid SLIT compared to non-SLIT patients, and that
this significant reduction was observed whatever the age
range, namely, 5-25years, 25-40years, 40-50years and over
50years, but also whatever the allergen source, except cat,
namely, grass, birch and ragweed pollens, as well as HDM,
and mould (Alternaria) (Table 2). An observational study as
well as the preventive effect of AIT on the onset of allergic
asthma are summarised in Data S4.

4.1.3 | AIT-Based Prevention of Asthma Worsening

We mentioned above nine real-world retrospective studies ad-
dressing the preventive effect of AIT on asthma onset. Six of
them, either as such or in the form or related analyses, also ad-
dressed AIT's prevention of asthma worsening [87-90, 92, 93,
96], while an additional study exclusively addressed it [97]. The
7 studies involved a total of more than 765,000 children, adoles-
cents and adults suffering from allergies to seasonal or perennial
allergens, part of them being treated by AIT using the subcu-
taneous or sublingual routes (Table 3). According to all seven
studies, AIT significantly prevents the progression of asthma,
especially from mild to more severe asthma [97], as compared
with no AIT. According to three studies [87, 88, 96], AIT pre-
vents asthma worsening not only during the treatment but also
after its discontinuation. Strikingly, one of them even indicates
that SLIT-induced slowing of asthma progression is greater
after than during AIT (40% and <10% decrease, respectively, in
prescriptions for symptomatic asthma medications) [88]. This
suggests a partly delayed benefit of AIT on asthma worsening,
which might be explained by an AIT-induced long-term reversal
of the mechanisms underlying allergic asthma, in particular the
Th2 skewing and the resulting tendency to produce specific IgE.
The prevention of asthma worsening after treatment cessation
was confirmed by three studies [89, 90, 97]. In some cases at
least, the younger the patient, the more beneficial the AIT's pre-
ventive effect on asthma progression [90, 97].

4.2 | The Treatment of an Established
Mild-To-Moderate Allergic Asthma by AIT

4.2.1 | Prospective Clinical Trials

Early indications of AIT's benefits in the treatment of asthma

can be found in the above-mentioned open RCT trial performed
as early as 1954. According to this trial, almost 95% of those

patients who suffered from allergic asthma and who received
AIT reported no or improved symptoms, compared with only
~30% of allergic asthma patients administered a placebo [64].
Since then, a large number of clinical trials studying AIT in the
treatment of allergic asthma have been reported. Abramson, Puy
and Weiner reviewed no less than 90 such studies conducted be-
tween 1954 and 2005, and involving exclusively SCIT, performed
with HDM, pollen, animal dander, mould or latex extracts, ei-
ther alone or in combinations [98-103]. More than 60 of them
were RDBPC trials, whereas another 220 performed during this
period were never reviewed by these authors, primarily due to
the absence of control or randomisation, or to irrelevant patient
selection or clinical outcomes. The authors consistently con-
cluded that SCIT not only reduced asthma symptoms and medi-
cation use, but also improved BHR. Of note, they also concluded
that SCIT-treated patients were significantly less likely to report
symptomatic deterioration or increased use of medication [103],
thus supporting AIT's preventive effect on asthma worsening.
However, they warned that SCIT is not without risk of signif-
icant adverse effects, including anaphylaxis, hence their re-
minder that adequate resuscitation measures must be available
[103]. With respect to SLIT, Calamita et al. reviewed 25 RCTs
up to 2005 involving a total of more than 1700 patients, 19 of
these trials being RDBPC studies [104]. The authors came to the
conclusion that AIT administered through the sublingual route
is a safe alternative to SCIT for the treatment of allergic asthma.

For this review, we further analysed the clinical studies on
AIT treatment of allergic asthma that have been published
since 2005, excluding those already analysed by Calamita
et al. and focusing on RDBPC trials involving a total of more
than 50 patients. We identified 6 such trials, all involving the
administration of HDM extracts, 3 by the subcutaneous route
[105-107] and the other 3 by the sublingual route [108-110], in
a total of more than 2500 patients (Table 4). All but one [110]
confirmed the benefit of AIT in the treatment of asthma, pro-
vided the dose of extract administered was sufficiently high
(Table 4), which, incidentally, highlights the importance of a
good understanding of the dose labeling of allergen products
[111]. This benefit was objectified by significantly improved
bronchial provocation tests, improved symptoms and/or re-
duced medication intake. As regards the study by Tanaka
et al. among the approximately 40% of randomised patients
who had used SABA during the baseline period, those receiv-
ing AIT experienced a significantly longer time from rando-
misation to first asthma exacerbation, compared with patients
receiving placebo (primary endpoint; p <0.05) [110]. Among
the same ~40% of patients, those receiving the highest dose
of AIT, but not those receiving the lowest dose, experienced
a significantly longer time to first asthma exacerbation from
the start of the ICS reduction/withdrawal period of the trial,
compared with placebo-administered patients (p <0.05). The
fact that, in this trial, the primary endpoint did not reach sta-
tistical significance for the whole population of randomised
patients might be explained, at least partially, as follows: the
~60% of patients not using SABA during the baseline period
had their asthma sufficiently controlled by ICS alone, so that
asthma exacerbations did not occur, even when ICS were re-
duced or withdrawn, thanks to a carryover effect of the lat-
ter [110, 112]. A recent study of the patients from the trial by
Virchow et al. [109] interestingly indicated that the effect of
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HDM SLIT tablets was significantly higher in subjects with a
higher number of elevated type 2 biomarkers (p <0.01) [113].

Importantly, in none of the 6 above-mentioned trials did AIT
last longer than ~1.5year. Had this been the case, the results ob-
tained may have been even better. Indeed, it is well known that
AIT should be extended for at least 3years to increase its bene-
fits, especially its long-term clinical benefits [35-37].

4.2.2 | Prospective Epidemiological and Real-World
Retrospective Analyses

Real-world retrospective database analyses support the long-
term benefit of AIT as a treatment of allergic asthma. We identi-
fied 4 papers reporting such analyses, involving a total of more
than 160,000 patients, followed for up to 9years, part of them
being treated by SLIT or SCIT mainly with extracts of tree pol-
lens, grass pollens and HDM [89, 94, 95, 114]. All four studies
reported a greater reduction of asthma pharmacotherapy pre-
scriptions during the follow-up period in patients having re-
ceived AIT, compared with control patients (Table 5). According
to the two largest studies, each of which involved more than
50,000 participants, AIT-receiving patients were also more
likely to step down their asthma treatment [114] and to become
asthma medication-free [89], and less likely to experience a se-
vere asthma exacerbation [114]. Overall, these analyses high-
light the sustained, long-term benefit of AIT on allergic asthma,
especially its ability to improve asthma control.

The ICS-sparing effect of AIT was confirmed by a small retro-
spective study performed in Korea [115], according to which
the proportion of patients who reduced or even discontinued
their use of ICS was significantly greater in patients receiv-
ing AIT than in the non-AIT group, whether 6 months or 1 to
3years after the start of AIT (Table 5). In addition, Woehlk
et al. published a register-based nationwide prospective epi-
demiological study [116] indicating that during the 3-year
follow-up period after a minimum of 3years of AIT, the num-
ber of patients with asthma exacerbations was significantly
decreased compared with baseline, whether the patients suf-
fered from perennial or seasonal allergic asthma (Table 5).
However, and as acknowledged by the authors, the absence of
a control population of patients not receiving AIT is clearly a
limitation of this study [116].

4.3 | The Combination of AIT and Biological
Therapies in Allergic Asthma

As such, AIT is contraindicated in patients with severe, uncon-
trolled or even partially or poorly controlled asthma, due to the
associated increased risk of systemic allergic reactions [117-122].
Nonetheless, AIT remains the only causative treatment of aller-
gic asthma. Its combination with a biological therapy appears
to be a highly relevant approach for bringing its benefits to pa-
tients who are a priori not eligible for it. As mentioned above,
the biologics available for the treatment of asthma were mainly
designed to address the type 2 form of the disease, their mech-
anisms of action being highly complementary to those of AIT
(compare Figures 1 and 2). Since available biologics have been

shown to reduce the severity and/or improve the control of aller-
gic asthma (section 3 above), they are expected to enable patients
suffering from a serious form of the condition to benefit from
the unique effects of AIT [37, 123]. Incidentally, combining AIT
with biologics may also benefit subjects with less severe allergic
asthma.

The combination of a biologics with AIT has already been eval-
uated as a treatment of various allergic conditions other than
allergic asthma (see Data S1 for details). As regards the treat-
ment of allergic asthma, many studies of different types have
investigated the combination of AIT with a biologics, mainly
omalizumab. Of the 13 studies we identified, 7 reported on just
one or a few cases, while the other 6 involved from about 30 pa-
tients to almost 250 patients (Table 6). In most cases, treatment
with biologics was given before initiating SCIT or SLIT with
perennial (especially HDM) and/or seasonal (grass and tree
pollens) allergen sources in children, adolescents and/or adults.
According to several reported studies, pretreatment with bio-
logics has been successful in initiating and continuing AIT in
patients with uncontrolled moderate-to-severe allergic asthma
[21, 127, 130, 132, 134], including patients who did not tolerate
AIT prior to treatment with biologics [127, 130], but also a young
boy with poorly controlled asthma suffering from ICS-induced
growth deceleration and adrenal suppression [131]. In a patient
with severe allergic asthma plus eosinophilia and high total and
specific IgE, omalizumab pretreatment did not allow to initiate
AIT, but mepolizumab did [135], highlighting the need to per-
sonalise the combined treatment of AIT and biologics (Table 6).

Globally, the combination treatment was safe [30, 136, 137],
especially in patients with severe allergic asthma [21], and ap-
peared to be safer than AIT plus placebo [126] or AIT only [133],
although not significantly in all studies [124, 125]. A good safety
profile was maintained when AIT was pursued while the biolog-
ics was discontinued, even during the AIT build-up phase [126],
whether patients suffered from mild [125], at least moderate
[126], or established severe allergic asthma [128, 129, 134].

The combined treatment enabled significantly more patients
to reach the target maintenance dose [126], and to reach this
dose, according to one study, as quickly as in 4days [128, 129].
Compared with AIT plus placebo, the combined treatment in-
duced a significantly higher improvement of asthma control and
asthma-related quality of life [124]. In this connection, when
compared with before biologics treatment, the latter followed
by its combination with AIT allowed to achieve a significant
improvement in asthma control, asthma-related quality of life,
but also airway functions and structures [21, 30]. The asthma
control obtained with the combined therapy persisted after ces-
sation of the biologics [128, 129, 132, 134], even when the latter
did not allow to maintain the absence of asthma exacerbations
prior to AIT initiation [134]. Compared with before treatment
with biologics only [21], and even with this treatment [128, 129],
areduction of the levels of maintenance pharmacotherapy could
also be observed. In this vein, compared with patients treated
neither with AIT nor biologics, the daily dose of ICS was signifi-
cantly more reduced in patients treated by AIT combined with
biologics than in those receiving the biologics only, no signifi-
cant reduction being observed in patients receiving AIT without
the biologics [137]. In addition, the combined treatment induced
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a more significant reduction in the total asthma symptom score,
compared with biological treatment alone (Table 6) [137].

Overall, the above studies strongly suggest that, thanks to its
combination with biologics, AIT may better benefit patients
and/or benefit a greater number of them than it does today.
What is more, adding AIT to biologics in the approach to asthma
treatment makes it possible to consider discontinuing the biolog-
ical treatment earlier, thereby alleviating the rather high costs
of the latter [138]. Admittedly, some standardisation is required
regarding especially the duration of the biologics pretreatment
and that of the combination treatment before biologics discon-
tinuation [134]. Ongoing and future clinical trials should shed
some light on this issue, as well as confirm, ideally in the form
of prospective RCTs with large cohorts, the ability of biologics
to extend the AIT's indications, help identify target populations,
especially more severe patients and define the cost-effectiveness
of combining biologics and AIT [139]. An example of such stud-
ies is an RCT about to be launched, aimed at evaluating the
combination of 300 IR HDM tablets plus omalizumab in 150
adults with HDM-induced mild-to-moderate allergic asthma. Of
course, the long-term benefits and safety of the combination of
AIT with biologics need to be further explored [140].

5 | Conclusion

AIT is the only disease-modifying approach to the treatment of
allergy. A very large number of studies, including RDBPC clin-
ical trials, illustrate its benefits in managing and controlling
asthma. In patients suffering from allergic rhinitis, it can pre-
vent the progression of the disease to allergic asthma. In cases
where allergic asthma is established, AIT can either improve the
condition or at least prevent its deterioration. The possibility of
bringing the benefits of its effects to a greater number of patients
is emerging, thanks to its combination with biological therapy.

Since 2017, the Global Initiative for Asthma (GINA) proposes
to consider SLIT in HDM-sensitised adult patients with allergic
rhinitis and suboptimally controlled asthma despite low to high-
dose ICS, provided that FEV, is above 70% predicted. Given the
many positive prospective and retrospective studies published
on AIT in recent years, it was reasonable to expect GINA to ex-
pand AIT's involvement in the management of asthma, in a con-
text where AIT is most likely underused [141, 142], despite being
the only causal treatment of allergic asthma. In fact, according
to the recently updated GINA's report, AIT may be now consid-
ered as an add-on treatment for patients with severe asthma, but
only after asthma symptoms and exacerbations have been con-
trolled. More specifically, SCIT can now be considered in the
management of allergic asthma, provided that the potential ben-
efits be weighed against the risk of adverse effects and the dura-
tion and cost of AIT, and provided that, in case of severe asthma,
SCIT be not initiated until good asthma control has been estab-
lished. In addition, GINA's report now states that SLIT can also
be considered before and during the ragweed pollen season in
ragweed pollen-sensitised asthmatic children, provided FEV, is
above 80% predicted [12].

Beyond the prospective clinical trials and long-term retrospec-
tive real world studies that have already been conducted, there is

aneed for long-term prospective phase 3 RCTs to further support
the role of AIT, especially SLIT, in the management of asthma.
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