
EDITED BY

Jefferson Russo Victor,

School of Medicine - University of São Paulo

(FM-USP), Brazil

REVIEWED BY

Hontian Wang,

Capital Medical University, China

Ricardo Adrian Nugraha,

Faculty of Medicine Universitas Airlangga - Dr.

Soetomo General Hospital, Indonesia

*CORRESPONDENCE

Danilo Di Bona

danilo.dibona@unifg.it

RECEIVED 20 March 2025

ACCEPTED 19 May 2025

PUBLISHED 05 June 2025

CITATION

Di Bona D, Di Biase A, Paoletti G, Villani R,

Serviddio G, Cognet-Sicé J, Scurati S and

Canonica GW (2025) Efficacy of index of

reactivity-liquid sublingual immunotherapy in

allergic rhinoconjunctivitis: a systematic

review and meta-analysis of randomized

studies.

Front. Allergy 6:1597003.

doi: 10.3389/falgy.2025.1597003

COPYRIGHT

© 2025 Di Bona, Di Biase, Paoletti, Villani,

Serviddio, Cognet-Sicé, Scurati and Canonica.

This is an open-access article distributed

under the terms of the Creative Commons

Attribution License (CC BY). The use,

distribution or reproduction in other forums is

permitted, provided the original author(s) and

the copyright owner(s) are credited and that

the original publication in this journal is cited,

in accordance with accepted academic

practice. No use, distribution or reproduction

is permitted which does not comply with

these terms.

Efficacy of index of reactivity-
liquid sublingual immunotherapy
in allergic rhinoconjunctivitis: a
systematic review and meta-
analysis of randomized studies

Danilo Di Bona
1*, Andrea Di Biase

1
, Giovanni Paoletti

2,3
,

Rosanna Villani
1
, Gaetano Serviddio

1
, Josiane Cognet-Sicé

4
,

Silvia Scurati
4
and Giorgio Walter Canonica

2,3

1Department of Medical and Surgical Sciences, University of Foggia, Foggia, Italy, 2Department of

Biomedical Sciences, Humanitas University, Pieve Emanuele, Italy, 3Personalized Medicine, Asthma and

Allergy, Humanitas Clinical and Research Center, IRCCS, Rozzano, Italy, 4Integrated Health Care

Department, Stallergenes Greer, Antony, France

Introduction: Allergen immunotherapy (AIT) is a well-established treatment with

demonstrated efficacy and safety. However, variability in study outcomes

remains a challenge, driven by differences in patient characteristics, study

designs, and treatment durations. Moreover, disparities in allergen composition

and quality of AIT products across manufacturers contribute to significant

heterogeneity, complicating the interpretation of efficacy and safety data. This

meta-analysis focuses on assessing the efficacy and safety of a single

manufacturer’s liquid sublingual immunotherapy (SLIT) for allergic

rhinoconjunctivitis (ARC). By narrowing the scope to one specific product, this

study seeks to reduce variability linked to product differences, aligning with

recommendations from the World Allergy Organization to improve the

reliability of meta-analytic findings.

Methods: Randomized controlled trials (RCTs) on index of reactivity (IR) SLIT

liquid formulations of various allergens were identified through comprehensive

searches in electronic databases (MEDLINE, ISI Web of Science, the Cochrane

Library, and ClinicalTrial.gov) up to December 2024, complemented by

manual searches. Data on populations, treatments, and outcomes were

extracted. Efficacy was evaluated by calculating the standardized mean

difference (SMD) for symptoms and medication use. Subgroup analyses were

performed by age, allergen type and sensitization status. Asthma comorbidity,

dose and duration of SLIT were evaluated using meta-regression.

Results: A total of 25 RCTs (1,830 patients) provided data on symptom scores

(SS), and 19 RCTs (1,555 patients) reported on medication scores (MS). Analysis

revealed that IR-SLIT-liquid was significantly more effective than placebo in

reducing both SS (SMD: −0.30; 95% CI: −0.41 to −0.18; P < 0.0001) and MS

(SMD: −0.51; 95% CI: −0.72 to −0.29; P < 0.0001). Efficacy outcomes were

consistent regardless of factors such as age, allergen type (grass, house dust

mites, trees, weeds), sensitization status, asthma presence, or cumulative dose,

while longer treatment durations were associated with improved efficacy. No

significant adverse events were reported.
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Discussion: This meta-analysis underscores the clinical effectiveness and safety of

IR-SLIT-liquid, confirming its role as a reliable etiologic treatment for patients with

ARC, for all allergens and age groups. The effect size is comparable to other

immunotherapy options. The low rates of adverse events and treatment

withdrawals highlight favorable tolerability and high level of patient adherence.

Systematic Review Registration: https://inplasy.com/wp-content/uploads/2025/

01/INPLASY-Protocol-7305.pdf, INPLASY 202510049

KEYWORDS

meta-analysis, randomized controlled trial, rhinitis, allergic, SLIT-liquid, sublingual

immunotherapy, systematic review

Introduction

Allergic rhinoconjunctivitis (ARC) is one of the most

widespread allergic conditions in developed nations, significantly

affecting patients’ daily lives (1). The symptoms often lead to

disrupted sleep, reduced productivity at school or work, and

limited social participation.

Allergen immunotherapy (AIT) is a proven treatment for

allergies, as it targets the immune system’s underlying response,

offering a unique benefit over symptomatic treatments (1). AIT is

commonly delivered through either subcutaneous (SCIT) or

sublingual (SLIT) methods. Traditionally, SCIT has been the

standard approach for treating ARC. However, in recent years,

there has been a growing preference for SLIT, especially in Europe,

where its use has risen to nearly the same frequency as SCIT (1).

Although numerous randomized controlled trials (RCTs) have

demonstrated the efficacy of AIT in reducing symptoms and

medication use, meta-analyses have highlighted considerable

variability in outcomes (2–6). This variation can stem from

differences in patient demographics, study designs, treatment

regimens, and, importantly, the allergen products used, which

can vary significantly across manufacturers. It is particularly

worth noting that although some products are labelled with the

same unit, e.g., the Index of Reactivity (IR), the definition of this

unit may differ from product to product, resulting in

discrepancies in allergenic activity (7, 8). These differences in

formulation and quality may affect treatment efficacy,

introducing additional heterogeneity into the data. To address

this, the World Allergy Organization (WAO) and the European

Academy of Allergy and Clinical Immunology (EAACI) advocate

for product-specific meta-analyses to improve the consistency

and reliability of results (9).

This article focuses on a product-specific meta-analysis of

index of reactivity (IR) SLIT liquid formulations for ARC,

comparing its efficacy against placebo across a range of common

allergens, including grass pollen, house dust mite, tree and weed

pollen extracts. The objective of this study is to quantitatively

assess the clinical efficacy of IR-SLIT-liquid in reducing ARC

symptoms and medication use, based on data from RCTs. Given

the documented heterogeneity in previous meta-analyses, our

hypothesis is that focusing on a single, standardized product will

yield more consistent and robust evidence of clinical benefit

compared to placebo.

Methods

Search strategy and selection criteria

This systematic review and meta-analysis were conducted

according to PRISMA, GRADE, and Cochrane guidelines

(10–12). This study was registered with the International

Platform of Registered Systematic Review and Meta-analysis

Protocols, INPLASY (registration number 202510049).

We performed a comprehensive search for published and

unpublished RCTs on the efficacy of IR-SLIT liquid formulations

for ARC in PubMed/MEDLINE, the Cochrane Library, ISI Web of

Science, and ClinicalTrial.gov, up to December 20, 2024. No

language restrictions were applied, and reference lists from relevant

articles and reviews were manually checked for additional studies.

We also asked the study sponsor to help provide a complete list of

RCTs on IR-SLIT-liquid (Staloral®, Stallergenes Greer, Antony,

France) with any allergen for ARC. A full list of the search terms is

available in the protocol and the appendix (Supplementary Table S1).

Studies included in the analysis had to meet the following criteria:

(1) adult and pediatric ARC patients, regardless of asthma status, with

common allergens (grasses, house dust mites, trees, weeds); (2)

treatment with IR-SLIT-liquid (Staloral®) for ARC; and (3)

inclusion of relevant outcome measures such as symptom or

medication scores. Reviews, discussion papers, non-research letters

and editorials, animal studies, studies not employing double blind

RCT designs, and studies not reporting necessary data were excluded.

Data collection

Titles and abstracts were screened independently by two

reviewers (AD, GP), followed by full-text review, data extraction,

and risk of bias assessment using a pre-piloted form.

Discrepancies were resolved by discussion with a third reviewer

(RV). Study characteristics, patient populations, interventions,

and outcomes were collected.

Outcomes

Key outcomes were symptom severity (measured by

symptom score, SS, or visual analog score, VAS), reduction in
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medication use (measured by medication score, MS), and safety

(adverse events) (13).

Data analysis

We conducted meta-analyses utilizing both fixed-effects and

random-effects models, with a preference for the latter to account

for anticipated variability across studies, including differences in

protocols, durations, and populations (14). Continuous outcomes

(e.g., SS, MS, VAS) measured on differing scales were combined

using the standardized mean difference (SMD).

For studies examining outcomes over multiple pollen

seasons, only data from the final year of treatment were

included. When standard deviations (SDs) were not reported,

we derived them using methods based on summary statistics

(e.g., minimum, maximum, quartiles, median, or p-values)

(15). In cases where standard errors (SEs) were provided, SDs

were calculated using the formula: SD = SE√n (13). Missing

means and SEs were estimated from graphs or obtained from

the study sponsor.

The risk of bias (RoB) in RCTs was assessed with the Cochrane

RoB 2 tool, which evaluates potential biases across five domains:

randomization, adherence to interventions, outcome data

completeness, measurement of outcomes, and selective reporting

(16). Studies were rated as having a low or high risk of bias, or

as raising some concerns. A study was categorized as low risk if

no domains showed concerns, while a high-risk rating required

substantial issues in one or more domains (16).

The certainty of evidence was appraised using the GRADE

framework (11). Evidence was classified as high, moderate, low,

or very low certainty based on confidence in the effect estimate.

For instance, high-certainty evidence reflects strong confidence

that the true effect is close to the estimate, while very low

certainty suggests substantial uncertainty about the effect size.

To evaluate between-study heterogeneity, we employed the χ²

test (p-threshold < 0.10) and I2 statistic, which quantifies the

proportion of variability due to heterogeneity rather than chance

(17). Potential sources of heterogeneity were examined through

prespecified subgroup analyses, sensitivity analyses, and outlier

detection using Baujat plots, which identify studies with

disproportionate influence on heterogeneity and overall results

(18). Meta-regressions further explored the relationship between

outcomes and explanatory variables.

Sensitivity analyses included testing fixed-effects models,

stratifying by data type (estimated vs. reported), study sample

size, trial quality, and excluding duplicate data. Robustness was

checked by systematically excluding individual studies to ensure

no single study disproportionately influenced the results.

We assessed publication bias using funnel plots, Egger’s

regression test, and fail-safe calculations, which estimate the

number of missing studies needed to overturn statistically

significant results (19). A high fail-safe number provides

confidence in the robustness of conclusions.

Summary of findings tables were generated using GRADEpro

GDT software (20). Statistical analyses and meta-analyses were

performed using R with the Metafor package, RevMan 5.0, and

ProMeta 3.0 (21–23).

Results

Our literature search retrieved 851 records. Following initial

screening, 257 studies were reviewed in full, and 26 RCTs were

finally included in the analysis (Supplementary Figure S1). Data

for SS were reported in 25 studies, encompassing 1,830 patients

(24–31, 33–49). Data for MS were available from 19 RCTs with

a total of 1,555 participants (25–30, 33–37, 39, 40, 42–44,

47–49). The Sieber et al. study (32), which evaluated safety

outcomes from the ECRIT trial reported by Ott et al. (26),

provided data only for safety assessments and was excluded

from the meta-analysis.

The characteristics of the included studies, comprising 25 trials

for meta-analysis and the safety-focused study by Sieber et al., are

summarized in Table 1. Most studies (n = 20) were conducted in

Europe, with others carried out in Iran, Australia, South Africa,

Taiwan, and Canada. Completion rates across trials averaged

83.1%. The risk of bias assessment identified 4 studies as high

risk, 12 with some concerns, and 9 as low risk (Supplementary

Figure S2). Sample sizes varied significantly, ranging from 15

participants in the smallest study (36) to 574 in the largest

(47). Ten studies focused on pediatric populations, while 13

included only mono-sensitized patients. The proportion of

participants with asthma varied widely, from 11.7%–100%.

Treatment duration ranged from 4 months–36 months. The

cumulative annual dose of AIT spanned from 4,500 IR–

140,400 IR (Table 1).

The impact of IR-SLIT-liquid on SS is illustrated in Figure 1.

The three-arm trial reported by Stelmach et al. in 2012 (29) was

treated as two separate studies due to the inclusion of two active

treatment arms against a shared placebo group, leading to

duplication of the placebo arm. A sensitivity analysis adjusting

for this duplication by halving the placebo group size revealed

no substantial differences in the results (Supplementary

Table S2). The pooled SMD for treatment effects was −0.30
(95% CI, −0.41 to −0.18; P < 0.0001), indicating a significant

benefit of SLIT compared to placebo. Results from the

fixed-effects model were similar. Low heterogeneity was

observed (Q = 0.37; df = 25; P = 0.22; I2 = 20%) but decreased

to 0% after excluding three outlier studies (26, 29, 42)

(Supplementary Figure S3B, Supplementary Table S2). These

outliers were classified as low- or medium-quality studies

(Supplementary Figure S2).

Visual inspection of funnel plots and Egger’s test indicated no

significant publication bias (Supplementary Figure S3A). The fail-

safe number (n = 199) further supported the robustness of

the results.

Subgroup analyses by age, allergen type, and sensitization

status showed no significant differences across subgroups

(Figure 2A). Meta-regressions indicated no substantial effect

based on asthma status or cumulative annual AIT dose
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TABLE 1 Patient and study characteristics.

Study, year
Country

Patients Male Age, yr Mono-/Poly-
sensitized

Rhinitis Asthma Duration
(months)

Maintenance Dose
(IR)

Cumulative dose
(IR)

N N (%) mean ± SD
(range)

(%) N (%)

Grass

Sabbah et al. (24) AIT 29→ 29 31 (53.4) 23 ± 10 (13–43) Poly- 100 n.r. 4 100 4,500

France C 29→ 29 27 ± 12 (13–51) n.r.

Clavel et al. (25) AIT 62→ 62 71 (59.2) 29 ± 13 (9–55) Poly- 100 10 (16) 6 300 40,700

France C 58→ 58 26 ± 12 (8–55) 16 (27.6)

Ott et al. (26) AIT 123→ 99 71 (38.8) 33.2 ± 11.0 Poly- 100 14 (14.1) 36 (3 × 3) 300 66,000 (22,000/yr)

Germany C 60→ 46 33.7 ± 9.1 5 (10.9)

Stelmach et al. (27) AIT 25→ 20 22 (44) 9.1 ± 2.4 (6–17) Mono- n.r. 20 (100) 24 (2 × 6) 120 43,800 (21,900/yr)

Poland C 25→ 15 8.5 ± 2.8 n.r. 15 (100)

Kałuzińska et al. (28) AIT 15→ 13 19 (63.3) 8.3 ± 3.3 (6–18) Mono- 100 4 (30) 24 (2 × 6) 120 43,800 (21,900 yr)

Poland C 15→ 12 8.1 ± 3.3 3 (25)

Stelmach et al. (29) Pre-co 17→ 17 36 (66.7) 8.3 (5–17) Mono- 100 6 (35) 24 240 87,600 (43,800/yr)

Poland Cont. 19→ 19 10.1 (3–16) 5 (26) (6 × 2)

C 18→ 18 8.1 (4–15) 5 (18) (12 × 2)

Bozek et al. (30) AIT 41→ 38 41 (52.6) 63.18 ± 3.12 Mono- 100 3 (7.32) 36 (4 × 3) 240 66,000 (22,000/yr)

Poland C 37→ 34 64.13 ± 2.92 2 (5.4)

Kralimarkova et al. (31) AIT 28→ 21 33 (58.9) 30.3 ± 12.6 Mono- 100 10 (36) 5 300 45,000 (108 000/yr)

Bulgaria C 28→ 24 30 ± 12.5 10 (36)

Sieber et al. (32) AIT 142→ 132 n.r. (7.9–64.7) n.r. 100 n.r. 36 (4 × 3) 300 66 000 (22,000/yr)

Germany C 67→ 63 n.r.

Rye Grass

Ahmadiafshar et al. (33) AIT 12→ 10 5 (25) 8.13 ± 2.5 Mono- 100 n.r. 6 n.r. n.r.

Iran C 12→ 10 9.14 ± 6.4 n.r.

HDM

Mungan et al. (34) AIT 15→ 15 2 (13.3) 31.67 ± 7.28 n.r. 100 86 12 100 11,316

Turkey C 11→ 11 (18–41)

Guez et al. (35) AIT 36→ 25 14 (38.8) 29.6 ± 12.4 Poly- 100 n.r. 24 300 90,000 (45,000/yr)

France C 36→ 14 (12–51)

Bahceciler et al. (36) AIT 8→ 8 4 (50) 12.4 Mono- 100 100 6 100 7,000 (14,000/yr)

Turkey C 7→ 7 (7.8–18)

Tseng et al. (37) AIT 30→ 28 22 (73) 9.7 ± 3.3 Mono- 100 0 6 300 37,312 (74,424/yr)

Taiwan C 33→ 31 9.7 ± 3.0

O’Hehir et al. (38) AIT 15→ 13 3 (33.3) 28.5 ± 8.2 Poly- 100 77.7 12 (DB) + 300 85,621 (42,810/yr)

Australia C 15→ 14 37.6 ± 11.1 12 open

Aydogan et al. (39) AIT 9→ 7 6 (85) 8.1 ± 2.2 Mono- 100 0 12 300 44,500

Turkey C 9→ 9 7.3 ± 2.3

Bozek et al. (40) AIT 51→ 47 23 (45) 65.8 ± 4.9 Mono- 100 11.7 36 240 421,200 (140,400/yr)

Poland C 57→ 48 66.7 ± 3.8

(Continued)
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TABLE 1 Continued

Study, year
Country

Patients Male Age, yr Mono-/Poly-
sensitized

Rhinitis Asthma Duration
(months)

Maintenance Dose
(IR)

Cumulative dose
(IR)

N N (%) mean ± SD
(range)

(%) N (%)

Potter et al. (41) AIT 39→ 32 14 (35.9) 33.7 Poly- 100 n.r. 24 (3 days/wk) 300 96,600 (48,300/yr)

South Africa C 21→ 16 31.4

Trees

Di Rienzo et al. (42) AIT 19→ 18 20 (58.8) 33.8 ± 9.5 No perennial allergens 100 n.r. 4 300 36,000

Italy (Cypress) C 15→ 14

Khinchi et al. (43) AIT 23→ 14 23 (62) 30 (20–58) No perennial allergens 100 n.r. 12 49.2 μg every other day 11 mg

Denmark (Birch) C 24→ 15

Vervloet et al. (44) AIT 38→ 36 39 (51.3) 39 (19–60) No perennial allergens 100 13.1 4 300 36,000

France (Cypress) C 38→ 34

Voltolini et al.(45) AIT 14→ 13 10 (41.7) 41.8 ± 8 Mono- 100 100 24 (4 × 2) 300 72,000

Italy (Birch) C 10→ 9

Vourdas et al. (46) AIT 34→ 33 49 (74.2) 12 (7–17) Poly- (85%) 100 88 24 (6 × 2) 300 108,000

Greece (Olive) C 32→ 31

Worm et al. (47) AIT 284→ 247 258 (48.1) 37.5 ± 11.1 Poly- (72%) 100 25 24 (5 × 2) 300 90,000

Germany (Birch) AIT 290→ 253

Weeds

Bowen et al. (48) AIT 43→ 37 45 (59.2) 36.3 (14–58) Mono- 100 20 4 300 17,450

Canada (Ragweed) C 40→ 39

La Rosa et al. (49) AIT 20→ 16 25 (59.5) 10 (6–14) Mono- (75.6) 100 n.r. 24 300 150,000 (75,000/yr)

Italy (Parietaria) C 21→ 17

N, number; SD, standard deviation; IR, index of reactivity; AIT, allergen immunotherapy; C, controls; →, number of patients from enrolment to the observation time-point; n.r., not reported; yr, year; wk, week; DB, double-blind.

D
i
B
o
n
a
e
t
a
l.

1
0
.3
3
8
9
/fa

lg
y
.2
0
2
5
.1
5
9
7
0
0
3

F
ro
n
tie

rs
in

A
lle

rg
y

0
5

fro
n
tie

rsin
.o
rg

https://doi.org/10.3389/falgy.2025.1597003
https://www.frontiersin.org/journals/allergy
https://www.frontiersin.org/


FIGURE 1

Meta-analysis of 25 RCTs of IR-SLIT-liquid vs. placebo for seasonal allergic rhinoconjunctivitis. The SMD and 95% CI for the effect of treatment on

symptom score (SS) are plotted on the graph.

FIGURE 2

Subgroup analysis of SS. Box plots include middle 50% of data. Horizontal bars inside boxes represent SMD; lines to whiskers extend most extreme

data points, which are no more than 1.5 times interquartile range from box (A) Meta-regression analyses of SS for efficacy of IR-SLIT-liquid depending

on asthma status (B), cumulative dose administered per year (C), treatment duration (D).
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(Figures 2B,C), but treatment duration was positively associated

with improved outcomes (Figure 2D).

Figure 3 presents data on MS outcomes. The pooled SMD was

−0.51 (95% CI, −0.72 to −0.29; P < 0.0001) with considerable

heterogeneity (I2 = 70%). However, excluding four influential

studies (26, 27, 31, 32) eliminated heterogeneity (I2 = 0%)

without altering the overall results (Supplementary Figure S4B,

Supplementary Table S2). No evidence of publication bias was

detected (Supplementary Figure S4A).

Subgroup analyses for MS revealed no significant differences

by age, allergen, or sensitization status (Figure 4A). Meta-

regressions similarly found no significant associations with

asthma status, cumulative AIT dose, or treatment duration

(Figures 4B–D).

Sensitivity analyses across various parameters—including

estimated vs. reported data, study quality, sample size (above

or below the median of 56 participants), and exclusion

of influential studies or those with duplicate controls—

confirmed the robustness of findings, particularly for SS

(Supplementary Table S2).

The overall certainty of evidence was rated as moderate for

both SS and MS outcomes (Supplementary Table S3).

Adverse events (AEs) data were available for 1,068 SLIT

patients and 948 placebo patients (Table 2). AEs were reported

by 44.7% of SLIT patients (n = 478) and 33.1% of placebo

patients (n = 313), the difference between both groups being

statistically significant (Table 2). Treatment discontinuation rate

due to AEs was slightly higher in the SLIT group (3.9%)

compared to the placebo group (1.9%; P < 0.05). Conversely,

discontinuation for reasons unrelated to AEs was more common

in the placebo group (P < 0.01) (Table 2).

Discussion

This meta-analysis, encompassing data from 25 RCTs and over

1,800 patients with ARC caused by various allergens treated with IR-

SLIT-liquid, demonstrates that this therapy effectively reduces both

symptoms and the reliance on rescue medications without raising

significant safety concerns. These findings align with previous

studies supporting the efficacy and safety of SLIT in individuals

with ARC, with or without coexisting mild to moderate asthma

(4–6). The observed effect size is consistent with outcomes

reported in previous meta-analyses combining not product-specific

SLIT liquid formulations and/or SLIT tablets (2, 3).

Contrary to earlier reports pooling data from various SCIT and

SLIT products, which suggested greater efficacy for house dust mite

(HDM) immunotherapy compared to seasonal allergens, our

findings demonstrate a consistent therapeutic benefit of IR-SLIT-

liquid across a diverse range of allergens, including HDM,

grasses, trees, and weeds (50). Adhering to the WAO and EAACI

recommendations to focus on a single manufacturer’s product

minimized, at least for SS, variability related to product quality,

resulting in more reliable and cohesive outcomes compared to

broader analyses which were hindered by high heterogeneity (9).

The most recent RCTs (26, 47, 51) have demonstrated a

favorable benefit-risk balance of IR-SLIT-liquid at the daily dose

of 300 IR, which is the dose recommended in the product

information. Nevertheless, meta-regression analysis of cumulative

yearly dosage found no significant variation in efficacy across

studies using different dose levels (Figures 2C,4C). This indicates

that the dosage of the SLIT liquid formulation can be safely

adjusted downward or upward, depending on the patients’

profile and their response to the treatment, either to manage

FIGURE 3

Meta-analysis of 20 RCTs of IR-SLIT-liquid vs. placebo for seasonal allergic rhinoconjunctivitis. The SMD and 95% CI for the effect of treatment on

medication score (MS) are plotted on the graph.
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adverse events without compromising effectiveness or to enhance

the latter, as is observed in real-life practice (52). Such

flexibility allows treatments to be tailored to individual patient

needs and preferences, promoting adherence and facilitating the

recommended minimum treatment duration of three years (13),

which is associated with improved outcomes. A recent real-world

study using data from the French National Health Data System

(SNDS), which encompasses 98.8% of the French population,

demonstrated the effectiveness of IR-SLIT-liquid in reducing the

risk of asthma onset and progression (53). Despite focusing on a

different outcome, this study involved patients treated for at least

2 years in real-life conditions with significant variability in

adherence and dosage. These findings further support the

conclusion that achieving a specific cumulative dose is not

critical for treatment efficacy, making the product more

adaptable to patients’ needs.

In contrast, SS meta-regression analysis by treatment duration

revealed a positive association with the efficacy of IR-SLIT-liquid

(Figure 2D). These findings highlight the importance of adhering

to the recommended treatment duration, as longer treatment

periods are associated with improved clinical outcomes, even

with dosage variations. Specifically, the results complement those

of some RCTs, which highlight that SLIT is particularly effective

in patients who maintain treatment for at least 36 months (54).

This extended duration not only aligns with current clinical

guidelines but also reinforces the idea that sustained therapy is

crucial for achieving optimal therapeutic benefit. These benefits

refer exclusively to the on-treatment effect, as we did not report

on long-term outcomes after discontinuation or on other

potential AIT effects, such as the prevention of asthma or the

occurrence of new sensitizations, due to the lack of available data

on these endpoints in the included RCTs.

Subgroup analyses revealed that the efficacy of IR-SLIT-liquid

was not influenced by age, with consistent outcomes observed in

both adult and pediatric subgroups (Figures 2A,4A). When

stratified by sensitization status, no significant differences were

detected between mono-sensitized and poly-sensitized patients,

even though some studies have suggested higher efficacy in

mono-sensitized individuals for both SS and MS outcomes

(Figures 2A,4A). Similarly, no variations in the efficacy of IR-

SLIT-liquid were noted based on asthma prevalence

(Figures 2B,4B), suggesting that asthma does not significantly

impact patients’ perception of ARC symptoms.

However, we acknowledge that certain unmeasured variables—

including environmental exposure and concomitant medication—

could not be systematically assessed due to limited reporting

across the included studies.

Adverse event (AE) reporting varied widely across studies, with

some not providing detailed information on this aspect. Overall, a

higher number of patients in the SLIT group reported AEs

compared to placebo (44.7% vs. 33.1%, respectively; P < 0.01).

Only a small number of patients discontinued treatment, even in

long-term trials, and withdrawal rates due to AEs were

comparable between SLIT and placebo groups (Table 2). These

FIGURE 4

Subgroup analysis of MS. Box plots include middle 50% of data. Horizontal bars inside boxes represent SMD; lines to whiskers extend most extreme

data points, which are no more than 1.5 times interquartile range from box (A) Meta-regression analyses of MS for efficacy of IR-SLIT-liquid depending

on asthma status (B), cumulative dose administered per year (C), treatment duration (D).
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findings highlight the good tolerability of the treatment.

Furthermore, no cases of anaphylaxis were reported,

underscoring its safety profile.

Strengths and limitations

Focusing on a specific product significantly reduced

heterogeneity, at least in SS, and led to consistent estimates between

random- and fixed-effects models. This consistency strengthens

confidence in the conclusion that the product is effective.

Additionally, the low risk of publication bias, along with findings

from sensitivity analyses, supports the robustness of the results.

However, a key limitation of this analysis is the small sample

size in most of the included studies (median sample size: 56

patients), which likely contributes to inconsistencies across

individual studies, as small studies are more prone to report

better results than larger studies. This pattern was observed for

MS only, but not for SS (Supplementary Table S2). Nonetheless,

these factors reduced the certainty of evidence to moderate for

both SS and MS (Supplementary Table S3). Another limitation of

this meta-analysis is that the sources of heterogeneity could

not be fully explained, despite our efforts to assess the role

of various clinical baseline characteristics. Unfortunately, certain

unmeasured variables—including environmental exposure and

concomitant medication—could not be systematically assessed

due to limited reporting across the included studies. Nevertheless,

the IR-SLIT-liquid has shown beneficial effects in real-life studies

with larger populations, strengthening its evidence for the causal

treatment of patients with respiratory allergies (53, 55–57).

Conclusions

This meta-analysis confirms that IR-SLIT-liquid is effective in

improving rhinoconjunctivitis symptoms and reducing the need

for symptomatic medications compared to placebo. The findings

are consistent across various allergens, suggesting that the

differences in outcomes reported with different allergens in other

studies may be due to variations in product quality and

standardization. Treatment efficacy is not affected by factors such

as bronchial asthma, patient age, or cumulative dose. However, it

TABLE 2 Adverse events.

Study Patients, n Patients with AE, n
(%)

Patients
discontinuing for
reason other than

AE, n (%)

Patients
discontinuing for

AE, n (%)

SLIT Placebo SLIT Placebo SLIT Placebo SLIT Placebo

Sabbah et al. (24) 29 29 10 (34.5) 7 (24.1) 0 0 0 0

Clavel et al. (25) 62 58 18 (29.0) 10 (17.2) 20 0 0

Ott et al. (26)/Sieber et al. (32) 142 67 98 (69.0) 42 (62.7) n.r. n.r. 10 (7.0) 4 (6.0)

Stelmach et al. (27) 25 25 n.r. n.r. 5 (20.0) 10 (40.0) 0 0

Kaluzinska et al. (28) 15 15 n.r. n.r. 2 (13.3) 3 (20.0) 0 0

Stelmach et al. (29) Pre-co 17 18 8 (47.1) 8 (44.4) 3 (17.6) 2 (11.1) 0 0

Cont. 19 6 (31.6) 1 (5.3)

Bozek et al. (30) 41 37 5 (12.2) 0 3 (7.3) 3 (9.7) 0 0

Kralimarkova et al. (31) 28 28 n.r. n.r. 7 (25.0) 4 (14.3) 0 0

Ahmadiasfar et al. (33) 12 12 n.r. n.r. 2 (16.6) 2 (16.6) 0 0

Mungan et al. (34) 15 11 2 n.r. 0 0 0 0

Guez et al. (35) 36 36 2 (5.5) 1 (2.8) 11 (30.5) 22 (61.1) 0 0

Bahceciler et al. (36) 8 7 0 0 0 0 0 0

Tseng et al. (37) 30 33 19 (63.3) 7 (21.2) 2 (6.7) 2 (6.1) n.r. n.r.

O’Hehir et al. (38) 15 15 9 (60.0) 2 (13.3) 2 (13.3) 1 (6.7) 0 0

Aydogan et al. (39) 9 9 1 (11.1) 0 1 (11.1) 0 1 (11.1) 0

Bozek et al. (40) 51 57 3 (5.6) 1 (1.7) 4 (7.8) 9 (15.8) 0 0

Potter et al. (41) 39 21 n.r. n.r. 7 (17.9) 5 (23.8) 0 0

Di Rienzo et al. (42) 19 15 7 (36.8) 3 (20.0) 1 (5.3) 1 (6.7) 0 0

Khinchi et al. (43) 23 24 15 (65.2) 11 (45.8) 6 (26.1) 8 (33.3) 3 (13.0) 1 (4.2)

Vervloet et al. (44) 38 38 5 (13.2) 7 (18.4) 1 (2.6) 4 (10.6) 1 (2.6) 0

Voltolini et al. (45) 14 10 10 (76.9) 4 (44.4) 1 (76.9) 1 (11.1) 0 0

Vourdas et al. (46) 34 32 8 (23.5) 2 (6.4) 1 (2.9) 1 (3.1) 0 0

Worm et al. (47) 284 290 200 (70.7) 185 (63.8) 23 (8.1) 24 (8.3) 17 (6.0) 12 (4.1)

Bowen et al. (48) 43 40 30 (69.8) 16 (40.0) 9 (20.9) 11 (27.5) 6 (13.9) 0

La Rosa et al. (49) 20 21 12 (60.0) 7 (33.3) 1 (4.8) 3 (14.2) 4 (20.0) 1 (4.7)

TOTAL 1,068 948 478a (44.7) 313a (33.1) 93b (8.7) 116b (12.2) 42c (3.9) 18c (1.9)

AE, adverse events; n, number; Pre-co, pre-coseasonal; Cont., continuous; n.r., not reported.
aX2 = 12.2; P < 0.01.
bX2 = 1.45; P = 0.02.
cX2 = 2.99; P = 0.009.
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is linked to treatment duration, indicating that reducing the dose to

manage side effects does not compromise overall effectiveness,

provided the treatment is continued over time. Furthermore, the

effect size is comparable to other immunotherapy options. The

low rates of adverse events and treatment withdrawals highlight

favorable tolerability and high level of patient adherence. Overall,

IR-SLIT-liquid could be considered a reliable etiologic treatment

for patients with ARC, for all allergens and age groups.
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