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ABSTRACT
Background: Respiratory allergies often begin in childhood and can progress over time, leading to increased disease burden. 
Allergen immunotherapy (AIT) is the only causal treatment for allergic respiratory diseases with disease-modifying potential. 
While randomised trials support its efficacy in controlling allergic rhinitis (AR) and asthma symptoms, long-term real-world 
data in children remain limited.
Methods: This paediatric study (n = 11,036) was conducted within the pre-defined framework of the REACT study, based on 
protocol-specified objectives. Children (< 18 years) with physician-diagnosed AR, with or without pre-existing asthma, were 
included. AIT-treated patients were matched 1:1 to non-AIT controls. Effectiveness was assessed over 9 years by comparing AR 
and asthma medication prescriptions, using a public database covering all reimbursable AIT products. Relative differences were 
calculated across the full observation period.
Results: AIT-treated children (mean age 11.4 years; 62.1% male) exhibited greater reductions in AR medication use than controls 
(additional 9% reduction beyond 61% in controls). In children with asthma, AIT was associated with additional reductions in 
asthma medication use (−21% beyond −48% in controls), severe exacerbations (−21% beyond −36%), and new oral corticosteroid 
prescriptions (−33% beyond −41%). Age stratification revealed more pronounced AR medication reductions in younger children 
(0–11 years) than in adolescents (12–17 years).
Conclusion: This large-scale, real-world study supports the long-term effectiveness of AIT in children with AR, with or without 
asthma. The findings reflect improved disease control and suggest a disease-modifying effect of AIT. Early intervention, particu-
larly in younger children, may help mitigate the progression of allergic disease.

1   |   Introduction

Allergic rhinitis (AR) and asthma are common chronic inflam-
matory diseases that can often start in childhood, affecting 

children and adolescents [1]. Global estimates indicate that ap-
proximately 1 in 10 children suffer from AR, with increasing 
prevalences in many countries [2]. AR often precedes childhood 
asthma; the majority of children with AR at age 4 or 8 years 
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showed persistent disease up to 24 years old, and 30.8% of chil-
dren had developed asthma [3]. Furthermore, children with 
asthma and concomitant AR experience poorer asthma control, 
as indicated by the increased risk of hospital admission for severe 
asthma exacerbations [4]. Asthma is also associated with a non-
negligible rate of mortality in low- and middle-income countries 
[5]. Type 2 inflammation involved in the allergy underlying AR 
and asthma increases the susceptibility to viral infections [6]. A 
stronger association with asthma exacerbation was observed in 
children with increased expression of type 2 inflammation and 
reduced expression of type I interferon than in children with 
lower and higher expression, respectively [6]. Viral respiratory 
infections and environmental risk factors (such as air pollution, 
nutrition and allergic sensitisation) in early life are crucial de-
terminants for later chronic respiratory morbidity [7], and im-
paired lung function [8]. Furthermore, impaired lung function 
in early adulthood is associated with an increased prevalence of 
respiratory, cardiac and metabolic morbidity [9].

Allergen immunotherapy (AIT) is the only causal treatment for 
allergic respiratory diseases, such as AR and asthma, in con-
trast to symptom-relieving medication (e.g., antihistamines, 
corticosteroids and bronchodilators) which alleviate symptoms 
but do not target the underlying disease mechanisms. AIT has 
demonstrated long-term and disease-modifying effects (i.e., per-
sistent effectiveness after treatment ends) in the treatment of 
AR and has the potential to halt disease progression and pre-
vent the onset of asthma [10]. AIT builds immunological tol-
erance through repeated daily administration of the causative 
allergen [11]. For sublingual immunotherapy (SLIT)-tablets, 
specifically, daily administration for 3 years is recommended 
to achieve a sustained, disease-modifying effect [12]. A recent 
review of clinical trials evaluating SQ SLIT-tablets in children 
(aged 5–17 years) with AR, with or without asthma, highlights 
the long-term disease-modifying properties of the treatment 
and underscores the clinical relevance of early intervention [13]. 
Additionally, treatment with the SQ SLIT-tablet reduced the risk 
of developing moderate–severe asthma exacerbations [14], with 
a potential causal mechanism linked to the enhancement of in-
nate antiviral immunity and epithelial barrier function [15–17]. 
Therefore, early intervention with AIT may not only improve 
AR symptoms and reduce the use of symptom-relieving medi-
cation, but it may also mitigate the risk of disease progression 
and improve resistance to viral infection. Consequently, AIT 
emerges as the only treatment option to mitigate environmen-
tal risk factors and reduce the risk of viral-induced asthma ex-
acerbations and secondary lower respiratory tract infections in 
children; ultimately, AIT may prevent the risk of impaired lung 
function development in children.

Real-world evidence (RWE) is increasingly recognised as a valu-
able complement to data from clinical trials [18]. The REAl-world 
effeCtiveness in allergy immunoTherapy (REACT) study—a 
large, retrospective cohort study including more than 45,000 
AIT-treated subjects with AR, with or without asthma matched 
to non-AIT control subjects—demonstrated the long-term sus-
tained effectiveness of AIT over a 9-year period [19]. Significant 
reductions in AR and asthma prescriptions were observed in the 
AIT-treated group compared to matched controls, alongside a 
reduced risk of asthma exacerbations and hospitalisations [19]. 
Research suggests that a crucial window of opportunity exists 

in early childhood within which interventions could potentially 
halt the progression of allergic disease [20]. Consequently, initi-
ating AIT early in the disease course has the potential to reduce 
the risk of new allergen sensitisations and the onset of asthma.

In the REACT study framework, outcomes including a paediat-
ric sub-study were pre-defined per protocol. This article reports 
data from this paediatric study with the aim of characterising 
the real-world long-term effectiveness of all AIT products pre-
scribed in a large public health system to children with AR, with 
or without pre-existing asthma.

2   |   Methods

2.1   |   Study Design and Dataset

The methods, pre-specified analyses and findings of the main 
REACT study (Clini​calTr​ials.​gov identifier: NCT04125888) 
and subgroup analyses have been published previously (see 
Appendix  S1 for a brief overview) [19, 21–22]. The study was 
based on a publicly accessible and independently maintained 
German health insurance database, which is neither proprietary 
nor pharmaceutical-owned. These health insurances cover 
90%–95% of the population and are public, meaning they are 
paid for by the government. The database is maintained and ac-
cessed by public organisations. This ensured a high degree of 
transparency, reproducibility and real-world relevance. As the 
REACT study was a retrospective analysis of anonymized ad-
ministrative data, informed consent was not required.

This paediatric sub-study was based on a pre-specified, protocol-
defined cohort of 11,036 children (< 18 years) with AR, with or 
without asthma, from the main REACT study, and followed a 
strict per-protocol approach [19]. In the AIT cohort, 97.5% of 
children were treated with single allergen treatment [22]. The 
AIT children were matched 1:1 to a control group of children 
with AR who had not been prescribed AIT, using propensity 
score matching, to adjust for confounding factors and to provide 
a minimally biased estimate of treatment effect [19]. Subjects 
for whom no suitable match was found were excluded from the 
study [19]. In this sub-study, matched AIT and control subjects 
from the main REACT paediatric cohort were divided into two 
sub-cohorts based on the presence or absence of pre-existing 
asthma at the index date, without rematching. This resulted in 
three cohorts for analysis: (1) the main paediatric cohort, (2) the 
AR with pre-existing asthma sub-cohort, and (3) the AR with-
out pre-existing asthma sub-cohort. Additionally, the asthma 
sub-cohorts were stratified by age at the index date, also without 
rematching: (1) younger children (0–11 years); (2) adolescents 
(12–17 years). Due to not being rematched, differences in sub-
population sizes were expected.

2.2   |   Outcomes

Effectiveness outcomes were pre-specified in the study proto-
col and evaluated using a per-protocol approach. The primary 
outcome was the change in the number of AR prescriptions per 
subject from the pre-index year (baseline) to each follow-up 
year (Years 1–9) in the main paediatric cohort. The pre-index 
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year was defined as the year prior to AIT initiation (for the AIT 
group). In children with pre-existing asthma, changes in asthma 
prescriptions and the number of severe asthma exacerbations 
(see definition in Appendix S1) were also assessed.

2.3   |   Statistical Analysis

All statistical analyses followed the study's pre-specified, per-
protocol design. Outcomes were assessed as absolute and relative 
changes in AR prescriptions per subject from baseline (pre-index 
year) to each follow-up year, both within and between groups 
(AIT vs. controls) (see Appendix  S1). A linear mixed-effects 
model with fixed effects for group, follow-up year, and their in-
teraction, plus a random intercept for individuals, was used to 
evaluate outcomes. Subgroup analyses for pre-existing asthma 
included asthma status and its interactions as fixed effects. 
Age-based subgroup analyses used a similar model, replacing 
asthma status with age group (younger children vs. adoles-
cents). Identical models were applied to the asthma sub-cohort 
after appropriate sub-setting. All models were pre-defined based 
on data structure and summary characteristics.

The absolute change in the number of prescriptions per fol-
low-up year and the corresponding between-group p-values 
reported were derived from the models used in the analyses. 
Specifically, after fitting the model, we used emmeans (Version 
1.8.2) to estimate group means across follow-up years and then 
performed contrast tests to compare AIT-treated versus control 
groups at each time point, providing both estimated differences 
and corresponding p-values. To mitigate the gradual reduction 

in sample size over time, reported data were truncated if the 
number of subjects in a subgroup was fewer than 200 in any fol-
low-up year.

A sensitivity analysis evaluated severe asthma exacerbations 
and, more specifically, those defined by new oral corticosteroid 
prescriptions in subjects with pre-existing asthma. Numerical 
data were converted into a binary classification (Yes/No) to 
highlight shifts in the presence or absence of exacerbations, 
rather than changes in absolute counts.

All statistical analyses were performed in R (Version 4.2.2) 
using lme4 (Version 1.1–30) and emmeans (Version 1.8.2).

2.4   |   Role of the Funding Source

This study was funded by ALK-Abelló, Hørsholm, Denmark, 
who assumes overall responsibility for the trial and has 
been involved in trial design and conduct, data analysis and 
interpretation.

3   |   Results

Figure 1 presents a breakdown of the number of subjects (AIT 
and controls) forming the main paediatric cohort and asthma 
sub-cohorts, including stratification by age.

Baseline demographics and clinical characteristics are pre-
sented in Table 1 (and according to age in Table S1). In the main 

FIGURE 1    |    Main paediatric cohort (pre-defined per protocol) and asthma sub-cohorts from the REACT database. †Previously published data [19]. 
AIT subjects in the main paediatric cohort were matched 1:1 with non-AIT control subjects from the main REACT study. Matched subjects were 
divided into two sub-cohorts based on the presence or absence of pre-existing asthma at the index date, without rematching. Asthma sub-cohorts 
were stratified by age at the index date, without rematching. AIT, allergen immunotherapy; AR, allergic rhinitis; REACT, REAl-world effeCtiveness 
in allergy immunoTherapy.
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paediatric cohort, 51.0% of AIT subjects (n = 5623/11036) were 
aged 0–11 years, and 39.4% (n = 4347/11036) had pre-existing 
asthma. Overall, the number of any AR and asthma prescrip-
tions per subject was comparable across the AIT and control 
groups for all cohorts. There was a higher number of short-
acting β2-agonist (SABA) and inhaled corticosteroid (ICS) 
prescriptions in younger children compared to adolescents, 
but prescriptions of ICS + long-acting β2-agonist (LABA) were 
balanced between the age groups. Younger children also ex-
perienced a higher frequency of severe asthma exacerbations 
compared to adolescents.

For the main paediatric cohort, the number of AR prescrip-
tions per subject decreased in both the AIT and control groups 
over the 9-year follow-up (Figure 2A; Tables S2 and S3); signifi-
cantly greater reductions were observed for AIT versus con-
trols in Years 2–8. On average, AIT-treated children showed a 
9% greater reduction in AR medication use beyond the 61% for 
controls. Notably, in Year 3, the absolute difference between 
the groups was −0.08 (−0.13, −0.02; p = 0.0114), corresponding 
to a further 12% reduction for AIT relative to controls. In Year 
5, the absolute difference was −0.15 (−0.22, −0.08; p < 0.0001), 
equating to a 13% greater reduction for AIT relative to con-
trols. By Year 8, the absolute difference was −0.12 (−0.23, 
−0.01; p = 0.0344), reflecting a 16% reduction for AIT relative 
to controls. In children with pre-existing asthma, the number 
of asthma prescriptions per subject declined in both groups 
across the 8-year follow-up period, with more pronounced re-
ductions in the AIT group (Figure 2B; Tables S2 and S3). On 
average, AIT was associated with greater reductions in asthma 
medication prescriptions (21% beyond 48% with controls). 
Between-group differences were significant during Years 2–8, 

TABLE 1    |    Key baseline demographics for the main paediatric 
cohort and pre-existing asthma sub-cohort.

Main paediatric cohort overview (matched)a

AIT (N = 11,036) Control (N = 11,036)

Mean age, 
years (SD)

11.4 (3.3) 11.0 (4.1)

Median age, 
years (IQR)

11 (9–14)b 11 (8–14)

Sexc

Male 6855 (62.1%)b 7147 (64.8%)

Female 4181 (37.9%) 3889 (35.2%)

Age group

Children 
(0–11 years)

5623 (51.0%)b 5614 (50.9%)

Adolescents 
(12–17 years)

5413 (49.0%)b 5422 (49.1%)

Key comorbidities

Asthma 4347 (39.4%) 4182 (37.9%)

Eczema 3221 (29.2%) 3641 (33.0%)

Duration of AIT treatment, mean (SD)

Days on 
index AITd

559.1 (271.2) —

Days on any 
AIT

844.9 (453.1) —

AR prescriptions, mean (SD)

Any 1.7 (2.1) 1.7 (2.3)

AH 0.8 (1.4) 0.8 (1.4)

INCS 0.4 (0.8) 0.3 (0.8)

Pre-existing asthma sub-cohort overview

AIT (N = 4347)
Control 

(N = 4182)

Asthma prescriptions, mean (SD)e

Any 3.4 (3.4) 3.1 (3.7)

SABA 1.4 (1.6) 1.3 (1.7)

ICS 0.9 (1.4) 0.8 (1.4)

ICS + LABA 0.7 (1.5) 0.6 (1.4)

Severe asthma exacerbationsf, mean (SD)

All exacerbations 0.3 (0.6) 0.2 (0.6)

Emergency 
department visits

0.01 (0.1) 0.01 (0.2)

Hospitalisations 0.08 (0.4) 0.03 (0.2)

New oral corticosteroid 
prescriptions

0.2 (0.5) 0.1 (0.5)

(Continues)

Pre-existing asthma sub-cohort overview

AIT (N = 4347)
Control 

(N = 4182)

Lower respiratory tract infections, mean (SD)

Pneumonia diagnosis 0.07 (0.3) 0.08 (0.4)

Antibiotics 
prescription

0.05 (0.4) 0.06 (0.4)

Note: Data are n (%), unless otherwise stated.
Abbreviations: AH, antihistamine; AIT, allergen immunotherapy; AR, allergic 
rhinitis; BKK, Betriebkrankenkasse; ICD-10-GM, International Classification 
of Diseases, German Modification; ICS, inhaled corticosteroid; INCS, intranasal 
corticosteroid; IQR, interquartile range; LABA, long-acting β2-agonist; PSM, 
propensity score matching; SABA, short-acting β2-agonist; SD, standard 
deviation.
aAIT and control subjects in the main paediatric cohort were matched using PSM.
bPreviously published data [22].
cSex of subjects was obtained from the BKK database [19]; data were collected 
during subject visits to a primary or secondary healthcare setting.
dIndex AIT was defined as the first AIT (excluding venom AIT) prescribed 
during the study period [19].
eData presented for the mean of the baseline in follow-up Year 1.
fA severe asthma exacerbation was defined as: (1) a new oral corticosteroid 
prescription for an asthma diagnosis according to the ICD-10-GM (new is defined 
as more than 7 days since the last prescription); (2) emergency department 
visits based on the ICD-10-GM diagnostic code J46 for status asthmaticus; (3) 
hospitalisation based on the ICD-10-GM diagnostic code J45.x for asthma [19]. 
Unless otherwise specified, the term ‘severe asthma exacerbations’ represents a 
composite variable consisting of the three events described.

TABLE 1    |    (Continued)
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with an absolute difference of −0.24 (−0.34, −0.14; p < 0.0001) 
in Year 3, corresponding to a 16% greater reduction for AIT rel-
ative to controls. In Year 5, the absolute difference was −0.41 
(−0.53, −0.29; p < 0.0001), equating to a further 23% reduction 
for AIT versus controls. By Year 8, the absolute difference was 
−0.51 (−0.72, −0.30; p < 0.0001), reflecting a 22% greater re-
duction for AIT compared to controls.

The overall results were consistent across key drug classes for 
AR and asthma prescriptions (Figure 3). The AIT group showed 
consistently greater reductions than controls in antihistamine 
(AH) and INCS prescriptions per subject across Years 2–9, with 
significant differences at most time points (Figure 3A; Table S4). 
Averaged across the entire follow-up period, AIT was associated 
with a further 12% reduction in AH prescriptions beyond the 64% 
reduction observed in controls, while INCS prescriptions were re-
duced by an additional 28% beyond the 42% reduction in controls. 
In children with pre-existing asthma, the AIT group experienced 
significantly greater reductions in medication use than controls 
across the full follow-up period (Figure 3B; Table S4). Compared 
to controls, AIT-treated children showed a further 28% reduc-
tion in SABA prescriptions beyond the 45% reduction in controls, 
while ICS prescriptions decreased by an additional 10% beyond 
the 62% reduction observed in controls. The greatest difference in 
the reduction was observed for ICS + LABA prescriptions, where 
AIT was associated with a 62% greater reduction beyond the 19% 
reduction in controls, suggesting a downward shift towards ICS 
and SABA use (Figure 3B; Table S4).

For severe asthma exacerbations, AIT was associated with 
greater reductions than controls during Years 2–7, with 

statistically significant differences in Years 2, 4–7 (Figure  4; 
Table  S3). Over the entire follow-up period, AIT resulted in a 
21% greater reduction in severe asthma exacerbations relative to 
controls, in addition to the 36% reduction observed in the control 
group. A similar trend was observed for new oral corticosteroid 
prescriptions, where AIT demonstrated significantly greater re-
ductions than controls in Years 2, and 4–7 (Figure 4; Table S3). 
On average, AIT led to a 33% greater reduction in new oral cor-
ticosteroid prescriptions beyond the 41% reduction observed in 
controls throughout follow-up.

Reductions in AR prescriptions per subject were more pronounced 
in younger children (0–11 years) than in adolescents (12–17 years) 
following AIT (Figure S1; Tables S5 and S6). Over the follow-up 
period, younger children showed an additional 9% reduction rel-
ative to controls, beyond the 57% reduction from baseline, while 
adolescents had a further 3% reduction, on top of a 63% reduction 
from baseline—an effect driven by greater reductions in both AH 
and INCS use. In AIT-treated adolescents, significant reductions 
in prescriptions were not observed for AH but were noted for INCS 
prescriptions compared to controls during Years 2–3 and 5–6, with 
an average additional reduction across the observation period of 
16% beyond the 51% change from baseline in controls (Figure S1; 
Table S6). Interaction analysis has shown that the reductions in 
AR prescriptions were significantly greater in younger children 
than in adolescents; significant interactions between treatment, 
follow-up time, and age group were observed from Years 1–8, with 
t-values indicating p-values < 0.05.

For younger children with pre-existing asthma, the number of 
asthma prescriptions per subject reduced in the AIT and control 

FIGURE 2    |    Key outcomes: Absolute change from pre-index year in AR prescriptions overall (main paediatric cohort) and in asthma prescriptions 
overall (pre-existing asthma sub-cohort). (A) AR prescriptions in the main paediatric cohort. (B) Asthma prescriptions in the pre-existing asthma 
sub-cohort. Due to small sample size (n < 200), the analysis was truncated at Year 8. Data presented are mean (SE). *p < 0.05; **p < 0.01; ***p < 0.001 
versus non-AIT controls. Absolute difference (AIT minus control) with 95% CI and p-values are presented in Table S2. Mean number of prescriptions 
in the pre–index year for AR: AIT = 1.7, control = 1.7; for asthma: AIT = 3.4, control = 3.1. AIT, allergen immunotherapy; AR, allergic rhinitis; CI, 
confidence interval; SE, standard error.
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groups across 8 years of follow-up, with more pronounced re-
ductions in the AIT group, averaging an additional 10% on top 
of the 47% reduction observed among controls throughout the 
observation period (significant at Years 1 and 4–6 [Figure S2A; 
Table S5]). When the data were analysed by drug class, the re-
ductions between AIT and controls were numerically greater 
for ICS + LABA (Years 3–7) than for ICS or SABA alone 
(Figure  S2B–D; Table  S5). In adolescents with pre-existing 
asthma, the AIT group had significantly greater reductions in 
asthma prescriptions than controls across Years 1–8, with an av-
erage additional reduction of 33% relative to controls, beyond the 
49% reduction observed in controls (Figure S2A; Table S6). As 
with younger children, the greatest reductions between AIT and 
controls were observed for ICS + LABA combination therapy 

than for ICS or SABA alone, with significant reductions at Years 
4–8 (Figure  S2B–D). Across the two age categories, the data 
suggest a downward shift from ICS + LABA to ICS or SABA 
monotherapy.

Sub-cohorts with pre-existing asthma showed greater reductions 
from the index year in severe asthma exacerbations between the 
AIT and their control groups—younger children: significant 
difference at Years 2, 5–7; adolescents: significant difference at 
Years 1 and 4 only (Figure S3). Results of the sensitivity analysis 
showed significant and sustained reductions in severe asthma 
exacerbations in the AIT group compared to the control group 
at Years 2–7, driven by the reduction in new oral corticosteroid 
prescriptions (Figure S4).

A

FIGURE 3    |    (A) Absolute change from pre-index year in AR (main paediatric cohort) by drug class. AR prescriptions in the main paediatric co-
hort. Mean number of prescriptions in the pre–index year for AH: AIT = 0.8, control = 0.8; for INCS: AIT = 0.4, control = 0.3. AH = antihistamine. 
AIT = allergen immunotherapy. AR = allergic rhinitis. CI = confidence interval. INCS = intranasal corticosteroid. SE = standard error. (B) Absolute 
change from pre-index year in asthma prescriptions (pre-existing asthma sub-cohort) by drug class. Asthma prescriptions in the pre-existing asthma 
sub-cohort. Due to small sample size (n < 200), the analysis was truncated at Year 8. Mean number of prescriptions in the pre–index year for SABA: 
AIT = 1.4, control = 1.3; for ICS: AIT = 0.9, control = 0.8; for ICS + LABA: AIT = 0.7, control = 0.6. AIT, allergen immunotherapy; CI, confidence inter-
val; ICS, inhaled corticosteroid; LABA, long-acting β2-agonist; SABA, short-acting β2-agonist.

 13989995, 2025, 12, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/all.70085 by U

niversita D
i Ferrara, W

iley O
nline L

ibrary on [02/12/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



3337Allergy, 2025

4   |   Discussion

To our knowledge, this pre-specified, per-protocol analysis of 
11,036 children with physician-diagnosed AR, with or without 
pre-existing asthma, represents one of the largest real-world 
evaluations of AIT in paediatric patients—demonstrating sus-
tained, long-term (up to 9 years) reductions in AR and asthma 

medication use, improved asthma control, and fewer asthma 
exacerbations compared to controls. The reduction in the use 
of symptom-relieving medications (AH and INCS) not only 
supports the findings of the REACT study [19], but also broad-
ens the scope of the long-term evidence supporting AIT. This 
is further exemplified by the recent review of nine SQ-SLIT 
tablet randomised controlled trials (RCTs), which emphasises 

FIGURE 3    |     (Continued)

B
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persistent symptom management and decreased medication 
scores among children with AR treated with the SQ SLIT-
tablets, and a lower risk of experiencing asthma symptoms/
using asthma medication [13]. The real-world data also com-
plement the findings from RCTs of AIT in adults and/or 
children with AR, which showed that the addition of SQ SLIT-
tablets to an optimal care regimen has consistently demon-
strated reductions in daily symptoms and medication scores 
compared to placebo—clinical trials have reported a reduc-
tion in the combined AR symptom and medication scores of 
up to 40% relative to placebo on top of optimised standard-of-
care regimens [23–25].

In children with AR and pre-existing asthma who are treated 
with AIT, the data suggest improved asthma control (16%–23% 
greater reduction in asthma prescriptions) and a stepdown in 
pharmacological management of asthma (65% greater reduc-
tion in ICS + LABA), compared with controls, which support 
the disease-modifying effect of AIT. Of particular interest, 

AIT was associated with significantly greater and long-term 
sustained reductions in ICS + LABA use versus controls 
across the younger children and adolescent subgroups. These 
findings indicate a downward shift from combination therapy 
to either ICS or SABA monotherapy and, ultimately, improved 
asthma control, as was also shown in the main REACT analy-
ses [19]. This downward shift resulted in younger children re-
ceiving more ICS or SABA monotherapy, thereby diminishing 
the disparity between the AIT and control groups in the num-
ber of prescriptions for these drugs—hence, considering our 
effect margins as conservative. A significant reduction in the 
number of asthma prescriptions between AIT and controls in 
adolescents (33% greater reduction than with controls), across 
all drug classes and for most years, was also indicative of en-
hanced asthma control. Consequently, AIT may contribute to 
improved asthma control.

Our findings from the analysis of all AIT products prescribed 
in a given population were further supported by recent 

FIGURE 4    |    Absolute change from pre-index year in severe asthma exacerbations and new oral corticosteroid prescriptions (pre-existing asthma 
sub-cohort). The new oral corticosteroid prescriptions figure has been included to show the key variable driving the reduction in severe asthma exac-
erbations (other variables assessed were hospitalisations and emergency department visits). Due to small sample size (n < 200), the analysis was trun-
cated at Year 8. Mean number of severe asthma exacerbations and new oral corticosteroid prescriptions in the pre–index year, respectively: AIT = 0.3 
and 0.2, control = 0.2 and 0.1. AIT, allergen immunotherapy; CI, confidence interval; SE, standard error.
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allergen-specific real-world data. A long-term RWE study, eval-
uating the efficacy of subcutaneous immunotherapy (SCIT) in 
children/adolescents (5–17 years) and adults, showed a 27% re-
duction in the risk of new-onset asthma in the AIT cohort com-
pared to the non-AIT cohort (p = 0.0212), and a significantly 
longer time to asthma onset with AIT versus no AIT (p = 0.001) 
[26], in line with previous data in adults showing the benefits 
of AIT on reducing the risk of asthma exacerbations [14, 15]. In 
addition, the EfficAPSI study showed that exposure to SLIT liq-
uid was associated with a 36% reduction in new asthma events 
compared to controls, with a consistent effect across different 
age groups (5–24 years, 44%; 25–39 years, 30%; 40–49 years, 40%; 
≥ 50 years, 33%) and respiratory allergies (grasses, 44%; house 
dust mite, 37%) [27]. RWE studies such as these provide a valu-
able opportunity to obtain evidence for the preventative effect of 
AIT on developing asthma [26]; the RWE evidence generated to 
support the disease-modifying potential of AIT established in 
RCTs is essential for informing and shaping paediatric asthma 
guidelines.

A novel finding from this analysis is the marked and consis-
tent steroid-sparing effect observed in the AIT-treated children. 
Compared to controls, AIT was associated with significant re-
ductions in INCS prescriptions for AR (28% greater reduction 
than with controls), ICS + LABA prescriptions for asthma (65% 
reduction than with controls), and any new oral corticosteroid 
prescriptions for asthma exacerbations (33% greater reduction 
than with controls). A trial in adults and adolescents with sta-
ble HDM-induced asthma and concurrent ICS treatment (100–
800 μg budesonide) has shown that ICS dosage was reduced 
by 42% from baseline, after 1 year of treatment with SQ HDM 
SLIT-tablets (6 SQ-HDM dose) [28]. A reduction in corticoste-
roid prescriptions is of considerable clinical relevance given the 
significant burden of repetitive and long-term corticosteroid ex-
posure in children [29]. Aside from the safety benefits, a lower 
usage of ICS is also a marker of enhanced asthma control [30].

Previous research has established viral infection as a leading 
causative factor in the development of asthma exacerbation in 
younger children, accounting for up to 85% of events [31]. On 
this basis, the well documented efficacy of AIT in preventing 
asthma exacerbations has also been attributed to its ability to 
enhance bronchial epithelial antiviral immunity in addition to 
the suppression of allergic inflammation [10, 17]. Furthermore, 
airway remodelling that is associated with environmental fac-
tors, such as viral infections and allergies, is believed to begin 
very early in life, and lung function development trajectories are 
thought to be relatively fixed by the age of 8 years [8]. Early inter-
vention with AIT could be a way to mitigate the risk of impaired 
early lung function development and, consequently, reduce the 
risk of asthma later in life [32]. Indeed, a RWE cohort study has 
reported that the prevalence of allergy and lower respiratory 
tract infections increased before the onset of severe asthma [33], 
suggesting that they may be risk indicators for severe asthma 
and that early intervention with AIT may lessen the likelihood 
of severe asthma symptoms. However, further research is war-
ranted to confirm these findings.

There is compelling evidence for the beneficial effects of AIT 
treatment in younger children with AR [20]. The present anal-
ysis suggests that there could be greater effectiveness of AIT in 

younger children with AR than in adolescents, and that these 
younger children had a greater disease burden at baseline. 
Indeed, evidence supports that AIT may provide an enhanced 
prophylactic benefit against asthma onset in younger cohorts, 
highlighting a strategic window of opportunity in early child-
hood where intervention could pivotally influence the trajec-
tory of asthma progression [20, 34]. However, the influence 
of the limited medication uses in adolescents at baseline, and 
any potential effect of poor adherence in this group, must be 
considered.

The strengths of this analysis lie in the design of the main 
REACT study, including pre-registration and pre-specification 
of all outcomes and statistical analyses [35]. The selection cri-
teria were based on propensity score matching and defined cri-
teria, which ensured a coherent selection of subjects in the AIT 
and non-AIT cohorts and created comparable groups. Additional 
strengths include a large sample size, use of a publicly accessible 
and independently maintained insurance database, inclusion of 
all prescribed AIT products, long-term follow-up, and consistent 
findings across follow-up years, outcomes, and cohorts. The fact 
that AR, asthma, and other comorbidities were diagnosed by 
a physician significantly enhances the validity of the outcome 
measurements compared to the use of surrogate markers as 
proxies for diagnosis, which are commonly employed in RWE 
studies [35].

Limitations of the analysis include uncertainty regarding the 
use of over-the-counter medications, including AH medications, 
as these treatment options may not be recorded in the claims 
database unless prescribed by the physician. Indeed, as chil-
dren aged ≥ 12 years in Germany typically have to pay for AH 
medications even with a prescription (whereas children under 
12 receive reimbursement) and many AH medications are avail-
able over-the-counter, parents of adolescents may be more in-
clined to purchase over-the-counter versions that do not require 
a prescription, potentially contributing to the low baseline pre-
scription rate for AR observed in adolescents in our analysis. 
However, it is also important to acknowledge that the overall 
observed changes in medication use and symptom severity un-
derlying the AIT and non-AIT groups could be influenced by 
factors such as regression to the mean [36]. Additionally, other 
factors, such as natural variations/regression in symptoms over 
time, changes in all types of environmental exposures (includ-
ing allergen avoidance strategies) and in real-world medication 
behaviours, or spontaneous improvement in symptoms, might 
also have contributed to the observed changes in the non-AIT 
group. Indeed, although the reductions in AR and asthma 
prescriptions observed in the non-AIT group may seem unex-
pected, the pattern is consistent with existing RWE [37]. The 
perceived loss of effectiveness beyond Year 7 (particularly for 
asthma exacerbations and new oral corticosteroid prescriptions) 
should also be acknowledged. This is unlikely to be a true loss 
of effect, but rather a reflection of attrition bias and reduced sta-
tistical power resulting from small sample sizes due to patient 
dropout—a common characteristic of long-term RWE studies. 
In addition, survivorship bias may have influenced the results, 
as patients remaining in follow-up could differ from the original 
cohort. While adherence data were not included due to protocol 
restrictions precluding post hoc analyses, these outcomes have 
been published separately in a pre-defined REACT substudy 
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[21]. Disease recurrence is another possible factor contributing 
to the waning of treatment effect. However, long-term evidence 
suggests no sudden loss of efficacy for AIT 2 years after the end 
of a 3-year treatment course [38]; therefore, methodological ex-
planations, rather than disease recurrence, are likely to be the 
main driver. Despite a smaller sample size in the cohorts (ver-
sus the main REACT study), the strength and consistency of the 
results favouring AIT support the benefits of AIT in children, 
particularly in younger children with pre-existing asthma.

5   |   Conclusion

This subgroup analysis provides robust evidence for the long-
term effectiveness of AIT in children with AR, including those 
with pre-existing asthma. AIT was associated with significant, 
sustained reductions in AR and asthma medication use and 
asthma exacerbations for up to 9 years following initiation. 
These findings indicate improved disease control and support 
the disease-modifying potential of AIT. Importantly, they sug-
gest that early intervention may help prevent disease progres-
sion. Given the high burden of allergic disease in children, these 
results underscore the value of AIT as an effective, long-term 
treatment option for AR with and without asthma.
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