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ABSTRACT

Background and aims: IgE-mediated food allergy (FA) is a major healthcare problem, affecting
millions of children and adults worldwide. FA management usually involves elimination diets;
however, there is increasing interest in alternative strategies that enable individualized optimal
approaches. Yet, there is little consensus on the optimal strategies for managing FA. This review
aimed to evaluate the effectiveness and safety of biologics, including omalizumab (OMA), as
monotherapy or in combination with oral immunotherapy (OIT), for FA management.

Methods: A systematic review (SR) and meta-analysis (MA) was conducted, searching 10 inter-
national electronic databases (from their start to May 2024) for randomized controlled trials (RCTs)
assessing biologics in FA patients. The outcomes were desensitization, increased tolerated dose of
food allergens, sustained unresponsiveness, adverse events/reactions (ARs/AEs), quality of life
(QoL) measures, immunological biomarkers, and cost-effectiveness. Data were pooled using
random-effects model. The study quality was assessed by the Cochrane Risk of Bias.

Results: We included 11 RCTs, 2 secondary reports from earlier RCTs and 2 US National Clinical
Trials with 1010 participants in total. Nine RCTs were at low, 3 at moderate, and 1 at high risk of
bias. Meta-analyses demonstrated that OMA significantly improved desensitization rates and
increased food tolerance thresholds compared to placebo (risk ratio (RR) 2.035, 95% CI: 1.29 to
3.22 and RR 4.90, 95% CI 2.14 to 11.20, respectively.) OMA reduced the risk of food allergic
reactions (RR 0.55, 95% CI 0.36 to 0.85) without significantly increasing skin (RR ¼ 1.09, 95% CI
0.45 to 2.65) or other adverse or severe reactions. Immunologic outcomes showed decreased
hypersensitivity, a lowered allergic and inflammatory response. QoL measures improved for pa-
tients and parents with multifood oral immunotherapy. However, no studies investigated the cost-
effectiveness of biologics in FA management.

Conclusions: Based on the existing literature and our SR and MA, OMA can be recommended for
use in carefully selected patients with IgE-mediated food allergies as monotherapy. However,
patient-specific factors need to be addressed to reduce the risk of food-induced allergic reactions.
OMA in combination with oral immunotherapy is recommended for cow’s milk allergy. For the
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other foods, it will be recommended based on the results of ongoing, large RCTs in the field of
biologics for food allergy. In order to recommend a wider indication for use, more research is
needed to evaluate optimal treatment durations, long-term outcomes, and cost-effectiveness.

Keywords: Biologics, IgE-mediated food allergy, Systematic review, Meta-analysis, Interventional

studies
BACKGROUND AND RATIONALE

IgE-mediated food allergy (FA) is a major health-
care problem, affecting millions of children and
adults worldwide.The estimated prevalence of FA, is
1–11% of the population worldwide, with a higher
prevalence in children.1–3 The incidence of FA has
been increasing in recent decades, particularly in
industrialised nations, leading to substantial
economic burdens and reduced quality of life for
affected individuals and their families.4–8

Traditionally, the cornerstone of FA manage-
ment has been elimination diet of the causative
allergens and rescue medications such as antihis-
tamines and epinephrine to treat reactions to
accidental exposure followed by anaphylaxis.9

However, these approaches are often challenging
to maintain, anxiety-provoking, and do not
address the underlying immunological mecha-
nisms of the disease. Consequently, there is a
growing interest in developing more proactive
therapeutic strategies to induce desensitization or
tolerance in food-allergic individuals.10

Recent advances in our understanding of the
immunopathogenesis of FA have highlighted the
central role of IgE and its high-affinity receptor FcεRI,
as well as mast cells and basophils, cytokines and
chemokines, eosinophils, lipid mediators like leuko-
trienes and prostaglandins, and Th2 and B cells in
mediating allergic responses.11 These insights have
led to the exploration of biologics – particularly
monoclonal antibodies targeting key components
of the allergic cascade – as potential therapeutic
agents to modulate immune responses, reduce
allergic inflammation, and improve overall
outcomes for patients with FA.12–15 Biologics, such
as omalizumab (OMA), dupilumab, and
mepolizumab, have shown promise in FA
treatment. For example, OMA has been shown to
bind to free IgE, preventing it from activating mast
cells and basophils. Dupilumab inhibits IL-4 and IL-
13 signalling, reducing inflammation and IgE pro-
duction. Mepolizumab, reslizumab, and benralizu-
mab modulate IL-5 pathways, reducing eosinophil
levels. Tezepelumab targets thymic stromal lym-
phopoietin (TSLP), disrupting upstream activation of
the allergic response. By targeting these specific
components, monoclonal antibodies offer prom-
ising therapeutic options for managing FA. Concur-
rently, oral immunotherapy (OIT) has shownpromise
in inducing desensitization and long-term tolerance
in some patients.16,17

The use of biologics, either as monotherapy or
in combination with OIT, offers a cutting-edge
approach to FA management. However, despite
the growing body of research, the optimal use of
biologics in FA treatment, including timing, dura-
tion, combination strategies, and cost-
effectiveness remains to be fully elucidated.18–31

To this end, some meta-analyses have already
been performed in relation to specific aspects,
such as the effectiveness of OMA in desensitization
to cow’s milk18 or in their entirety. In these meta-
analyses, together with randomized studies,
quasi-experimental trials27,29 and/or observational
studies28 have been included, limiting the
robustness of conclusions.
METHODS

This systematic review and meta-analysis focus
exclusively on RCTs to provide higher-quality evi-
dence. We aim to comprehensively assess the
effectiveness and cost-effectiveness of biologics as
monotherapy or in conjunction with OIT, in children
and adults with IgE-mediated FA.We evaluated the
effectiveness and side effect profiles of these in-
terventions based on The Core Outcome Measures
for Food Allergy (COMFA).32 Additionally, we
examined the impact of these therapies on quality-
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of-life indices and analyse available pharmaco-
economic data to provide a holistic view of their
potential benefits and limitations. This review also
applies the Grading of Recommendations Assess-
ment, Development and Evaluation (GRADE)
approach to assess the certainty of evidence con-
cerning theuseofbiologics inFA.By synthesizing the
latest evidence, this review seeks to inform clinical
decision-making, guide research priorities, and ulti-
mately improve patient care in the rapidly evolving
field of FA management.

The review was conducted and reported ac-
cording to the Preferred Reporting Items for Sys-
tematic Reviews and Meta-analyses (PRISMA) 2020
guidelines.33 The PRISMA checklist is provided in
Supplementary Materials (Table E1).
Search strategy

We systematically searched 10 international
electronic databases from the beginning of their
existence to May 2024: AMED (1985–2024), CAB
(1910–2024), CINAHL (1937–2024), Cochrane Li-
brary (1992–2024), EMBASE (1980–2024), Global
Health (1987–2024), ISI Web of Science (1970–
2024), MEDLINE (1966–2024), Scopus (2004–
2024), and TRIP (2003–2024).

The search strategy was initially developed for
MEDLINE and EMBASE using controlled vocabu-
lary terms (MeSH and EMTREE) combined with
free-text terms using Boolean operators, then
adapted for other databases. The full search strat-
egy is provided in the Supplementary Materials
(Search strategies 1 and 2). No language or
geographic restrictions were applied.

To identify unpublished and ongoing studies, we
searched: Current Controlled Trials (www.
controlled-trials.com), ClinicalTrials.gov, Australian
NewZealandClinical Trials Registry (www.anzctr.org.
au), and WHO International Clinical Trials Registry
Platform(ICTRP) (Supplementarymaterials, tableE2).
Reference lists of included studies were hand-
searched for additional eligible studies and 4 inter-
national experts in food allergy research were con-
tacted for potentially relevant unpublished work.
Eligibility criteria

Inclusion criteria

Population: Children (�18 years) and adults
(>18 years) with IgE-mediated food allergy
confirmed by oral food challenge.

Intervention: Biological therapy (monotherapy
or combined with oral immunotherapy).

Comparator: Placebo, no intervention, or
routine management without active treatment.

Primary Outcomes: 1) desensitization (ability to
consume, as a result of the intervention, a pre-
specified amount of food containing the trigger
allergen without allergic symptoms or increased
food allergen tolerance threshold); 2) sustained un-
responsiveness or persistent desensitization (ability
to safely consume without restriction a food con-
taining the trigger allergen for at least 26weeks after
discontinuation of treatment); and 3) biologics-
related adverse reactions (ARs), including severe
adverse events (AEs), as defined by European Med-
icines Agency (EMA) (https://www.ema.europa.eu/
en/glossary-terms/adverse-drug-reaction, accessed
November 24, 2024).

Secondary Outcomes: 1) immunological out-
comes, namely skin prick testing (SPT) reactivity,
serum specific IgE and IgG4 concentrations, and
total IgE levels; 2) quality of life (QoL) measures,
defined as evaluations of the patient’s perception
of their position in life in the context of the culture
and value systems in which they live, and in rela-
tion to their goals, expectations, standards and
concerns. This multi-domain construct encom-
passes at least a physical, a mental and a social
health dimension, and is evaluated using validated
instruments as the Food Allergy Quality of Life
(FAQOL) questionnaire; and 3) cost-effectiveness
measures defined as the financial impact of
medication costs, food-related expenses and non-
health-related costs associated with FA.

Study Design: Randomized controlled trials
(RCTs), including cluster RCTs.
Exclusion criteria

Observational studies (eg, cohort, case-control,
cross-sectional designs), case series and case

http://www.controlled-trials.com/
http://www.controlled-trials.com/
http://www.anzctr.org.au/
http://www.anzctr.org.au/
https://www.ema.europa.eu/en/glossary-terms/adverse-drug-reaction
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reports, conference abstracts, non-research letters
and editorials were excluded from the review.
Study selection

Following duplicate removal, 4 reviewers (UBN,
LLS, FG, MK) independently screened titles and
abstracts against the eligibility criteria in pairs. Full
texts of potentially eligible studies were retrieved
and independently assessed by the same re-
viewers. Disagreements were resolved through
discussion or arbitration by a third reviewer (SA).
The selection process is summarised in a PRISMA
flow diagram (Fig. 1).
Data extraction

Data were independently extracted by 2 pairs of
reviewers (UN, LLS, FG, MK) using a standardized
form, that included: study characteristics (eg, year,
country, sample size), population demographics,
intervention and comparator details (eg, type,
duration, dose) and outcomes (primary and
Fig. 1 PRISMA flow diagram
secondary). Discrepancies were resolved through
discussion or arbitration by a third reviewer (SA).
Risk of bias and certainty of evidence

The risk of bias of included studies was assessed
using theCochrane Risk of Bias Tool 2 (RoB2).34The
certainty of evidence was evaluated using the
GRADE framework35 and categorized as high,
moderate, low, or very low. Results are presented
in the Summary of findings (SoF) table (Table 1).
Both assessments were carried out independently
by 2 pairs of reviewers (UN, LLS, FG, MK).
Disagreements were resolved through consensus
or arbitration by a third reviewer (SA).
Data analysis and synthesis

Random-effect meta-analyses were used where
possible and appropriate in Comprehensive Meta-
Analysis software (version 4). Results were pre-
sented as pooled estimates with 95% confidence
intervals for dichotomous outcomes.

https://doi.org/10.1016/j.waojou.2025.101069


Biologics in IgE-mediated food allergy: A systematic review and meta-analysis of interventional studies

Patient or population: children and adults with confirmed food allergy
Settings: primary and secondary care
Intervention: biological monotherapy or combined with other types of OIT
Comparison: placebo, no intervention or routine management without active treatment

Outcomes Relative effect (95% CI) No of Participants (studies) Quality of the
evidence (GRADE) Comments

Desensitization

Risk ratios (RR) of
desensitization following
oral immunotherapy (OIT)
with OMA vs control.
Outcome: Tolerated 2 gr
protein of 2 foods

RR 2.035 (1.29–3.22) 299 (7 studies) 4442 moderate Downgraded for
indirectness

Risk ratios (RR) of
desensitization following
oral immunotherapy (OIT)
with OMA vs control.
Outcome: Tolerated 2 gr
protein of 2 foods.
Sensitivity analysis

RR 1.93 (1.22–3.10) 255 (6 studies) 4442 moderate Downgraded for
indirectness

Risk ratios (RR) of
desensitization following
oral immunotherapy (OIT)
with OMA vs control.
Outcome: Increase in
threshold tolerability of an
allergenic food

RR 4.90 (2.14–11.20) 235 (3 studies) 4442 moderate Downgraded for
indirectness

Risk ratios (RR) of skin
reactions at injection site
following OMA vs placebo
mono or combined therapy

RR 1.093 (0.451–2.645) 250 (4 studies) 4442 moderate Downgraded for
indirectness

Risk ratios (RR) of upper
respiratory tract infection
following OMA vs placebo
mono or combined therapy

RR 1.272 (0.595–2.719) 98 (3 studies) 4422 low Downgraded for
indirectness and
imprecision
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Biologics in IgE-mediated food allergy: A systematic review and meta-analysis of interventional studies

Patient or population: children and adults with confirmed food allergy
Settings: primary and secondary care
Intervention: biological monotherapy or combined with other types of OIT
Comparison: placebo, no intervention or routine management without active treatment

Outcomes Relative effect (95% CI) No of Participants (studies) Quality of the
evidence (GRADE) Comments

Risk ratios (RR) of food
allergy or hypersensitivity
following OMA vs placebo
mono or combined therapy

RR 0.554 (0.362–0.849) 299 (3 studies) 4442 moderate Downgraded for
indirectness

Risk ratios (RR) of AEs or ARs
following OMA vs placebo
mono or combined therapy

RR 0.913 (0.814–1.023) 271 (4 studies) 4442 moderate Downgraded for
indirectness

Risk ratios (RR) of AEs (the
number of participants with
AEs) following OMA vs
placebo mono or combined
therapy (sensitivity analysis)

RR 0.919 (0.764–1.106) 234 (3 studies) 4442 moderate Downgraded for
indirectness

Risk ratios (RR) of SAEs
following OMA vs placebo
mono or combined therapy

RR 0.511 (0.176–1.482) 234 (3 studies) 4442 moderate Downgraded for
indirectness

Table 1. (Continued) Summary of findings (SOF). GRADE Working Group grades of evidence. High certainty: Further research is very unlikely to change our confidence in the estimate of
effect. Moderate certainty: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate. Low certainty: Further research is very likely to have
an important impact on our confidence in the estimate of effect and is likely to change the estimate. Very low certainty: We are very uncertain about the estimate.
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The percentage of total variability attributable to
heterogeneity between studies was quantified us-
ing the I2 statistic, with thresholds for interpretation
according to Cochrane guidance (I2 < 25% in-
dicates low, 25–50% moderate, and >50% high).
The term heterogeneity used throughout the
manuscript refers to this variation, not to an ab-
solute measure of heterogeneity. Clinical and
methodological heterogeneity were assessed
narratively, considering factors such as study
design, patient population, treatment protocols,
and outcome measurements.

Subgroup and sensitivity analyses were carried
out to investigate potential effect modifiers: risk of
bias, comparator, type of biological therapy,
treatment duration, dose variations of biologics or
allergens in OIT, etc.

Funnel plots and Egger’s tests for small study
effects were planned but were omitted due to the
limited number of eligible studies (<10). Publica-
tion bias was not formally assessed for the same
reason.

RESULTS

Characteristics of included studies

Our search identified 7791 potentially relevant
papers, of which 7719 records were excluded as not
relevant or duplicates. Furthermore, 9 uncontrolled
studies, 8 observational studies, and 42 papers in an
abstract format were also excluded (Supplementary
materials, table E3). Thirteen RCTs satisfied our
inclusion criteria and were included in the
systematic review (Fig. 1). In addition, 2 relevant US
National Clinical Trials (NCTs) were identified via
manual search of trial repositories. In total, 15
studies36–50 were included: 11 RCTs,36–38,40,41,43–
50 2 multiple publications,39,42 secondary analyses
of these RCTs,36,48 and 2 NCTs.49,50 Ten of these
studies were included in meta-
analysis.36,37,40,41,43,44,46–49

Of the 13 included studies, 9 were assessed as
having low risk of bias,36,37,40,41,43,45,47,49,50 3
as moderate,38,44,48 and 1 as high risk of
bias.46 The studies were undertaken in Denmark
(n ¼ 1); Japan (n ¼ 1); and the United States
(n ¼ 13). No studies carried out a cost-
effectiveness analysis of biologic treatments for
food allergy (Supplementary materials, table E4).
A total of 1010 participants were included across
the studies with an age range of 1– 60 years.
Among these, 7 studies included both pediatric
and adult participants,37,40,41,44,45,48,49 5
studies focused exclusively on children and
adolescents (0–18 years),36,43,46,47,50 and 1
study enrolled only adults.38 No differences in
the treatment approach between adults and
pediatric patients were observed across the
studies.

Main results

Desensitization

All 13 RCTs reported desensitization as an
outcome. Meta-analysis was conducted on pooled
data from 10 studies.36,37,40,41,43,44,46–49 Three
studies were excluded from meta-analysis due to
heterogeneity.38,45,50

The meta-analysis revealed an increased likeli-
hood of tolerating 2 g of protein from 2 foods, pri-
marily peanut and cow’s milk with OMA as
monotherapyorOMAwithOIT compared tocontrol
(risk ratio [RR] ¼ 2.035, 95% CI 1.29 to 3.22, 299
participants, 7 studies, I2 ¼ 50%,
GRADE ¼ moderate) (Fig. 2). Sensitivity analysis
restricted to low risk of bias (LRB) supported this
finding (RR ¼ 2.41, 95% CI 1.38 to 4.2, 232
participants, 6 studies, I2 ¼ 29%) (Fig. 2a). Another
sensitivity analysis excluding the outlier study,40 as
they used a precursor of OMA TNX-901, also
demonstrated a similar result (RR ¼ 1.93, 95% CI
1.22 to 3.05, 255 participants, 6 studies, I2 ¼ 52%,
GRADE ¼ moderate) (Supplementary materials,
figure E2b). Further analysis of only OMA with OIT
vs control also demonstrated consistent findings
[RR ¼ 2.3, 95% CI 1.27 to 4.16, 182 participants, 4
studies, I2 ¼ 36%] (Supplementary materials, figure
E2c). Thus, meta-analyses of desensitization data
showed consistently that OMAas amonotherapy or
OMA with OIT vs control significantly desensitizes
patients to allergenic foods.

Three studies demonstrated a significant in-
crease in threshold tolerability of allergenic food
with OMA with OIT compared to control treat-
ment (RR ¼ 4.90, 95% CI 2.14 to 11.20, 235 par-
ticipants, 3 studies, I2 ¼ 0%, GRADE ¼ moderate)
(Fig. 3).



*TNX-901 – a precursor of omalizumab was used

a

Study name Events / Total Risk ratio and 95% CI

Risk Lower Upper Relative 
ratio limit limit Intervention Control weight

Andorf 2018 2.500 1.108 5.639 30 / 36 4 / 12 17.67
Andorf 2019 1.545 1.018 2.346 34 / 40 11 / 20 30.00
Leung 2003* 5.476 0.695 43.135 5 / 21 1 / 23 4.38
MacGinnitie 2017 6.345 1.005 40.062 23 / 29 1 / 8 5.35
Takahashi 2017 13.364 0.922 193.762 10 / 10 0 / 6 2.73
Wood 2016 1.243 0.933 1.656 24 / 28 20 / 29 34.52
NCT01781637 6.345 1.005 40.062 23 / 29 1 / 8 5.35
Pooled 2.035 1.287 3.217 149 / 193 38 / 106

0.01 0.1 1 10 100

Favours control Favours OMA
Heterogeneity: τ2 = 0.137; χ2 = 11.967, df = 6 (P<0.063); I2 = 50%;
Test for overall effect: Z = 3.041 (P<0.002)

Study name Events / Total Risk ratio and 95% CI

Risk Lower Upper Relative 
ratio limit limit Intervention Control weight

Andorf 2018 2.500 1.108 5.639 30 / 36 4 / 12 27.82
Andorf 2019 1.545 1.018 2.346 34 / 40 11 / 20 49.52
Leung 2003* 5.476 0.695 43.135 5 / 21 1 / 23 6.57
MacGinnitie 2017 6.345 1.005 40.062 23 / 29 1 / 8 8.05
NCT01781637 6.345 1.005 40.062 23 / 29 1 / 8 8.05
Pooled 2.410 1.382 4.203 115 / 155 18 / 71

0.01 0.1 1 10 100

Favours control Favours OMA

Heterogeneity: τ2 = 0.117; χ2 = 5.662, df = 4 (P<0.651); I2 = 29%;
Test for overall effect: Z = 3.098 (P<0.002)

Fig. 2 Risk Ratios (RR) of Desensitization following OMA as monotherapy or OMA with OIT vs control. Outcome: tolerated 2 gr protein of 2
foods (random-effects model). a: Risk Ratios (RR) of Desensitization OMA as monotherapy or OMA with OIT vs control. Outcome: tolerated
2 gr protein of 2 foods (random-effects model). Sensitivity analysis (LRB studies)

*TNX-901 – a precursor of omalizumab was used
**OMA administered SC, ingesƟon of peanut protein in a single dose of 600 mg or more without dose-limiƟng symptoms

Study name Events / Total Risk ratio and 95% CI

Risk Lower Upper Relative 
ratio limit limit Intervention Control weight

Leung 2003* 3.505 1.557 7.890 16 / 21 5 / 23 45.61
Sampson 2011 2.222 0.333 14.845 4 / 9 1 / 5 15.37
Wood 2024** 9.875 3.801 25.652 79 / 118 4 / 59 39.02
Pooled 4.896 2.142 11.190 99 / 148 10 / 87

0.01 0.1 1 10 100

Favours control Favours OMA

Heterogeneity: τ2 = 0.000; χ2 = 0.187, df = 1 (P<0.665); I2 = 0%;
Test for overall effect: Z = 3.109 (P<0.002)

Fig. 3 Risk Ratios (RR) of an increase in threshold tolerability of an allergenic food following OMA as a monotherapy vs control (random-
effects model)
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Sustained unresponsiveness

Only 1 study assessed sustained unresponsive-
ness after discontinuation of OMA and milk OIT,
reporting it in 48.1% of the OMA group vs 35.7%
of the placebo group at 32 months (p ¼ 0.42).48
Adverse reactions/safety data

All included studies evaluated the safety of anti-
IgE therapy with OIT in combination with, pre-
dominantly, OMA, with 1 study examining talizu-
mab, a precursor of OMA.40

https://doi.org/10.1016/j.waojou.2025.101069
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There was considerable heterogeneity in how
safety outcomes were classified and reported.
Some studies categorized adverse events (AEs)
and ARs based on the organ/system affected (eg,
respiratory or gastrointestinal), with or without
reporting individual symptoms.36,37,41,44,47,48

One paper43 evaluating children treated with
OMA as a monotherapy vs placebo reported
infections such as viral infections, cystitis, and
otitis media, while another paper40 on patients
treated with TNX-901 vs placebo, categorized
systemic (eg, diarrhea, nausea, fever, arthralgia) or
local reactions (eg, injection-site reactions).
Injection-site reactions alongside other ARs/AEs
occurring during OMA with OIT were also noted in
other studies.36,37,43,47

Nine studies addressed the severity and seri-
ousness of AEs/ARs36,37,40,41,43,44,46–48 using
various categorization systems. The safety profile
of OMA combined with OIT was generally
favorable. Most studies reported no severe or
serious AEs36,40,43,44,46 with some reporting
infections as most common AEs, with similar
rates in both groups (OMA as monotherapy vs
placebo).43 Severe reactions, when present, were
reversible, did not lead to discontinuation of the
study and were linked to food exposure, not
OMA or placebo.41 Several studies noted
reduced AR rates with OMA compared to
placebo during OIT, particularly for reactions
requiring treatment.36,41,47,48 Injection-site re-
actions were generally mild and while similar be-
tween groups (TNX-901 as monotherapy vs
placebo) in 1 study,40 higher rates in the OMA with
OIT group were reported in another.47

The incidence of anaphylaxis or epinephrine use
was generally low, primarily reported in placebo
groups.41,48 One study reported a higher number
of doses of injectable epinephrine use for mild
symptoms (throat tightness or coughing or
shortness of breath) during OMA maintenance,
with symptoms resolving within minutes after
injection of epinephrine without further
complications.37

Meta-analyses of safety data

Data from 7 RCTs37,40,41,43,44,47,49 were pooled
to focus on OMA-attributable ARs independent of
immunotherapy. No significant differences were
observed in skin reactions at the injection site
between theOMAandplacebowith eithermono or
combined therapy (RR ¼ 1.09, 95% CI 0.45 to 2.65;
Fig. 4a; RR ¼ 1.45, 95% CI 0.62 to 3.37 Fig. 4b; and
SoF table). In addition, a separateanalysis on the risk
of skin reactions at the injection site between OMA
as a monotherapy vs control demonstrated no
significant differences between the 2 arms
(RR ¼ 1.13, 95% CI 0.46 to 2.76 Supplementary
materials, figure E4c).

Similarly, no significant differences between
OMA and placebo were observed in the analyses
of AEs, such as diarrhea (RR ¼ 3.98, 95% CI 0.74 to
21.52; RR ¼ 1.72, 95% CI 0.24 to 12.11; RR ¼ 1.72,
95% CI 0.24 to 12.11); nausea (RR ¼ 1.95, 95% CI
0.65 to 5.90; RR ¼ 1.47, 95% CI 0.46 to 4.70;
RR ¼ 1.47, 95% CI 0.46 to 4.70); vomiting
(RR ¼ 0.23, 95% CI 0.03 to 2.11; RR ¼ 0.33, 95% CI
0.02 to 5.29 RR ¼ 0.24, 95% CI 0.03 to 1.83); fever
(RR ¼ 1.36, 95% CI 0.19 to 9.93; RR ¼ 2.52, 95% CI
0.44 to 14.54; RR ¼ 1.29, 95% CI 0.18 to 9.43);
upper respiratory tract infections (URTI) (RR ¼ 1.27,
95% CI 0.60 to 2.72; RR ¼ 1.56, 95% CI 0.78 to
3.12; RR ¼ 0.71, 95% CI 0.27 to 1.89; RR ¼ 1.21,
95% CI 0.55 to 2.66; RR ¼ 1.52, 95% CI 0.74 to
3.10; RR ¼ 0.60, 95% CI 0.21 to 1.71) across the
groups receiving different doses of allergenic
food, 150, 300, and 450 mg, respectively
(Supplementary materials, figures E5–E9).

Risk Ratios (RR) for food allergy or hypersensi-
tivity reactions generally favoured OMA with either
mono or combined therapy over placebo across
the different doses of allergenic food, 150, 300
and 450 mg and at different endpoints, 3 and 6
months respectively (RR ¼ 0.55, 95% CI 0.36 to
0.85; RR ¼ 0.70, 95% CI 0.36 to 1.36; RR ¼ 0.57,
95% CI 0.36 to 0.87; RR ¼ 0.56, 95% CI 0.37 to
0.86; RR ¼ 0.66, 95% CI 0.32 to 1.46; RR ¼ 0.56,
95% 0.37 to 0.86; RR ¼ 0.52, 95% CI 0.33 to 0.82)
(Supplementary materials, figures E10, a-h).

There were also no significant differences in the
number of participants experiencing AEs or ARs
between those receiving OMA alone or in combi-
nation with OIT and those in the control group.
Furthermore, the risk ratio (RR) for AEs alone
(excluding ARs) also showed no difference in safety
outcomes between the intervention and control
groups (Supplementary materials, figures E11a-d).
Findings of analyses focusing on OMA
monotherapy remained largely consistent with no



               a 

*OMA+OIT; 1 g-group vs 0 mg-group

               b 

*OMA+OIT; 300 mg-group vs 0 mg-group

Study name Events / Total Risk ratio and 95% CI

Risk Lower Upper Relative 
ratio limit limit Intervention Control weight

Andorf 2019* 0.350 0.015 8.098 0 / 19 1 / 20 7.92
Mortz 2024 0.429 0.010 19.186 1 / 14 1 / 6 5.41
Sampson 2011 4.200 0.259 68.038 3 / 9 0 / 5 10.07
Wood 2024 1.100 0.401 3.020 11 / 118 5 / 59 76.60
Pooled 1.093 0.451 2.645 15 / 160 7 / 90

0.01 0.1 1 10 100

Favours control Favours OMA

Study name Events / Total Risk ratio and 95% CI

Risk Lower Upper Relative 
ratio limit limit Intervention Control weight

Andorf 2019* 3.810 0.465 31.234 4 / 21 1 / 20 16.08
Mortz 2024 0.429 0.010 19.186 1 / 14 1 / 6 4.93
Sampson 2011 4.200 0.259 68.038 3 / 9 0 / 5 9.18
Wood 2024 1.100 0.401 3.020 11 / 118 5 / 59 69.81
Pooled 1.450 0.624 3.372 19 / 162 7 / 90

0.01 0.1 1 10 100

Favours control Favours OMA

Heterogeneity: τ2 = 0.000; χ2 = 1.635, df = 3 (P<0.651); I2 = 0%;
Test for overall effect: Z = 0.197 (P<0.844)

Heterogeneity: τ2 = 0.000; χ2 = 2.052, df = 3 (P<0.562); I2 = 0%;
Test for overall effect: Z = 0.863 (P<0.388)

Fig. 4 a: Risk Ratios (RR) of skin reactions at injection site followingOMAas amonotherapy orOMAwithOIT vs control (random-effectsmodel)
b: Risk Ratios (RR) of skin reactions at injection site following OMA as a monotherapy or OMA with OIT vs control (random-effects model)
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or borderline differences between intervention and
control groups (Supplementary materials, figures
E11e-i). Serious adverse events (SAEs) were also
comparable, with no statistically significant
differences between OMA vs placebo in mono or
combined therapy settings (Supplementary
materials, figures E12a-b). Subgroup analyses for
OMA monotherapy revealed similarly no
differences for SAEs (Supplementary materials,
figures E12c-d).

Immunologic outcomes

Thirteen studies assessed changes in immuno-
logical markers, including skin prick testing (SPT)
reactivity, serum concentrations of specific IgE and
IgG4, as well as total IgE.36–38,40–48,50 Significant
reductions in SPT reactivity were consistently
reported.36,37,41,43,46,48 Moreover, reductions in
free total IgE levels indicated a reduced allergic
response over the course of treatment.40,44

While free specific IgE was rarely measured, it is
likely that the reported increases of specific IgE
coincided with a decrease of free specific IgE
while on OMA.41,43,48 Increased allergen-specific
IgG4 levels relative to IgE were observed in
several studies, suggesting enhanced
tolerance.36,37,43,45,46,48 In 1 study,45 ratio of
sIgG4:sIgE was augmented from baseline �25%
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for, at least, 2 allergens in 70% of the cases.
Additional immunological benefits included
reduced cytokine-producing CD4þ T cells (IL-4,
IL-5, IL-9, IL-13), indicative of decreased inflam-
matory response and a reduction in ST2þ cells,
involved in allergic responses.38 Broader
immunological changes, such as increases in
IgG1, IgG2, and IgA were also observed within
weeks of treatment initiation,46 highlighting the
therapeutic potential of OMA in modulating
immune responses.

Quality of life measures

Two included studies reported QoL outcomes
related to food allergy treatment using validated the
FAQOLquestionnaire.45,47 Sindher et al 45 reported
a significant decrease in parental burden scores
(p ¼ 0.05) following OIT, with 77% of participants
rating their experience with the use of biologics as
“extremely positive” or “positive.” However, these
results were based on a subset of participants,
potentially introducing bias. Additionally, no
comparative QoL outcomes were provided
between the 300 mg and 1200 mg treatment
groups. Conversely, Wood et al47 found no
significant changes in QoL scores for caregivers or
participants at the end of treatment compared to
baseline. These contrasting findings highlight
variability in QoL outcomes, potentially influenced
by study design, treatment protocols, or participant
characteristics.

Cost-effectiveness analysis

No included studies reported on the cost-
effectiveness of biologics in managing food al-
lergy. This represents a critical gap in the evidence,
particularly given the high costs associated with
these therapies.

Ongoing studies

Several ongoing studies are investigating the
use of biologics for treating food allergies. Ligeli-
zumab is being evaluated in multicenter trials for
peanut allergy (NCT05678959; NCT04984876),
focusing on peanut protein tolerance and long-
term safety and effectiveness in patients who
completed Phase III trials.

Dupilumab is under investigation in a Phase 2
trial as an adjunct to OIT for cow’s milk allergy,
focusing on improving tolerance levels and
increasing the cumulative tolerated dose of milk
protein (NCT04148352). Another study in-
vestigates dupilumab as an adjunct to AR101
(peanut oral immunotherapy) in pediatric patients
with peanut allergies, aiming to increase cumula-
tive tolerated doses of peanut protein and
improve safety and effectiveness outcomes
(NCT03793608).

OMA remains a focal point inmultiple trials across
different settings. The BOOM study (Canada) evalu-
ates its ability to accelerate time-to-maintenance in
multi-foodoral immunotherapy,potentially reducing
the duration needed to reach maintenance doses
(NCT04045301).The FASTX study (Sweden) and the
OPAL study (Australia) investigate the combination
of OMA and OIT for peanut allergy, focusing on
improving tolerance to peanut proteins
(NCT02402231; ACTRN12620001203943). Simi-
larly, 2 other trials, including the PRROTECT study,
investigate OMA as a monotherapy for peanut al-
lergy, assessing its effectiveness in reducing peanut
reactivity (NCT01781637; NCT00949078).

Additionally, the COMBINE study in the United
States examines the combined use of OMA and
Dupilumab to improve the success rates of passing
double-blind placebo-controlled food challenges
for multiple food allergies (NCT03679676).

Moreover, several smaller studies, such as those in
Japan, investigateOMA’s role in improving the safety
and effectiveness of OIT for cow’s milk allergy.These
studies focus on outcomes like sustained unrespon-
siveness and AR rates, further contributing to un-
derstanding the broader applications of OMA in FA
management (UMIN000008688; UMIN000018794,
UMIN000024397) (Supplementary materials, table
E2).
DISCUSSION

Summary of main findings

This systematic review and meta-analysis pro-
vide moderate certainty of evidence that biologics,
particularly OMA can be recommended for use in
carefully selected patients with IgE-mediated food
allergies as monotherapy and/or combined with
OIT. We included only RCTs, as these studies
represent the gold standard for evaluating effec-
tiveness and cost-effectiveness of healthcare
interventions.
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We included 11 RCTs, 2 multiple reports
emanating from 2 RCTs, and 2 National Clinical
Trials (NCTs) encompassing 1010 participants
overall. Of these, 9 RCTs were at low, 3 at mod-
erate, and only 1 study at high risk of bias. Meta-
analyses demonstrated a positive effect of OMA
on achieving desensitization or increasing the
tolerated threshold of the ingested food allergen
compared to placebo. Importantly OMA reduced
the risk of food allergic reactions compared with
placebo without significant adverse or severe re-
actions were attributable to biologics or placebo.
While the study population included both pediat-
ric and adult participants, no significant differences
in efficacy or safety outcomes were observed
across age groups.

Immunological outcomes demonstrated
decreased skin hypersensitivity to allergens,
reduced specific IgE levels, and a significant
decrease in allergic inflammation-specific cyto-
kine-producing CD4þ T cells (IL-4, IL-5, Il-9, IL-
13).38 Increased allergen-specific IgG4 levels
relative to IgE were observed in several studies,
suggesting enhanced tolerance.

Only 2 studies assessed QoL measures and
indicated improvements among participants.45,47

None of studies investigated the cost-
effectiveness of biologics in food allergy.
Comparison with previous research

Our findings are broadly consistent with prior
interventional, observational studies, reviews, re-
ports, editorials, which suggest that biologics,
particularly OMA appears to be a potentially
promising therapeutical option for carefully
selected children and adults with IgE-mediated
food allergies.18–31

Although there are limited data on OMA’s use in
cow’s milk allergy (CMA) OIT, the World Allergy
Organization (WAO) Diagnosis and Rationale for
Action against Cow’s Milk Allergy (DRACMA)
guidelines recommend its use during the initial
stages of OIT in patients with IgE-mediated
CMA.18,19

In a rostrum, the authors concluded that FDA
approval of OMA for IgE-mediated food allergies is
a landmark achievement that will provide a long-
awaited therapeutic option for many patients. The
approval was, however, based on a relatively short-
term RCT with a highly selective patient population.
There is a need for robust post-approval research to
evaluate20 its real-world effectiveness and identify
patient populations most likely to benefit.

Recent observational data indicate that OMA
may allow the safe reintroduction of allergenic
foods in food-allergic children with severe
asthma.21 In addition to research evidence various
publications have highlighted the importance of
justice in allocating OMA to patients with food
allergies23 and have advised clinicians on its
benefits and risks to optimize patient
management.22 Yet the need for real-world
studies to assess the long-term effects of biologics
in food allergies and for shared decision-making in
clinical consultations has been acknowledged.25

The ethical allocation of OMA, considering its
cost and limited availability, remains a concern.
While not addressed in any of the studies included
in this review, economic evaluations using Markov
simulation models have suggested that OMA
might not be cost-effective at current prices but
could become so if prices decrease or health utility
gains are significant.24

Consistent with our findings, previous reviews
concluded that while OMA provides an important
option for FA, more research is needed to deter-
mine its use in clinical practice, since critical
questions remain unanswered regarding the
optimal duration, schedule, dosage, predictors of
response and safety of OMA in long-term use.26–31

Existing reviews also emphasize the need for
standardised protocols and reporting of
outcomes to facilitate evidence synthesis.27,29,30
Implications for practice and research

There is emerging evidence supporting the use
of biologics, particularly OMA for raising allergen
tolerance thresholds in children and adults with
IgE-mediated food allergies. In clinical practice,
OMA can be a valuable tool for patients who fail to
respond to conventional therapies.

More studies with long-term outcomes are
needed to establish the effectiveness, tolerability
and safety of biologics as a monotherapy or in
combination with OIT. In addition, standardized
definitions and reporting of AEs and ARs secondary
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to treatment will allow for more comprehensive
analysis and comparisons. Research on cost-
effectiveness and quality of life impacts is also
necessary to guide patient-centred care.
Strength and limitations

We believe that this systematic review and meta-
analysis is the most robust investigation undertaken
to date to support the use of biologics in IgE-
mediated food allergy.26–31 A key strength of our
systematic review is the comprehensiveness of the
search strategy across 10 international databases
without geographical restrictions, contacting
international experts in this field of research for
unpublished, on-going or missing studies.

Our review differs from others by including only
RCTs, which represent the highest-quality evidence,
and by applying GRADE assessment to evaluate the
certainty of the evidence. Overall, our findings align
with previous research supporting the use of bi-
ologics, as amonotherapyor combinedwithOIT, for
patients with IgE-mediated food allergies.

The main limitations of this systematic review
stem from the heterogeneity of included pop-
ulations, interventions, outcomes, diversity of bi-
ologics, OIT protocols and treatment modalities,
and definition of outcomes (eg, AEs/ARs).We were
also limited by the lack of data on long-term
effectiveness and adverse outcomes, QoL mea-
sures and cost-effectiveness.

More research is needed to determine its use in
clinical practice, since critical questions remain
unanswered regarding the optimal duration,
schedule, dosage, predictors of response and
safety of OMA in long-term use.
CONCLUSIONS

Based on current evidence and objective data,
OMA can be recommended for carefully selected
patients with IgE-mediated food allergy either as
monotherapy or in combination with OIT. For
cow’s milk allergy its combination with OIT is
particularly promising. However, patient-specific
factors, such as allergen type, comorbidities, and
risk of ARs, need to be addressed in order to
maximise therapeutic benefits.
As ongoing, large RCTs progress, they are ex-
pected to provide critical insights to guide clinical
practice and expand the indications for biologics
in food allergy management. Further research
should aim to optimize treatment protocols, eval-
uate long-term outcomes, and explore the cost-
effectiveness of biologics.
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