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The use of biologics in food allergy - Abstract.  

 

Background. Food allergy continues to pose problems due to its increased frequency and its 

increasingly high severity. In this context, alongside the traditional avoidance strategies of 

allergenic foods and desensitization through the cautious progression of exposure to foods 

in the context of oral immunotherapy (OIT), alternative strategies have made their way in 

the last decades. We review the possibilities of intervention in food allergy with the use of 

biological drugs capable of interfering with the synthesis of IgE, with their mechanisms of 

action, or with the complex of biological mechanisms that lead to the establishment of a 

food allergy.  

Methods. Repeated Entrez PubMed searches using the template algorithm “Food allergy” 

and “biologics” or “Omalizumab” or “Dupilumab” or  “milk desensitization” or “oral 

tolerance induction” or “oral immunotherapy” or “Etokimab” or “Tezepelumab” or  

“Quilizumab” or “Ligelizumab” or “Tralokinumab” or “Nemolizumab” or “Mepolizumab” or 

“Reslizumab” or “Benralizumab”.  The authors’ clinical experience in pediatric allergy units 

of University hospitals was also drawn upon.   

Results. The landscape in this context has changed dramatically over the past 10 years. We 

have acquired knowledge mainly on the effect of different types of anti-IgE treatments in 

poliallergic patients with food allergy, and in patients treated with OIT. However, other 

mediators are being targeted by specific biologic treatments. Among them, the alarmins Il-

33 and TSLP, IL-4 and IL-13, eosinophil-related molecules as IL-6, IL-8, IL-10, IL-12, and 

mostly IL-5, and integrins involved in the pathogenesis of eosinophilic gastrointestinal 

diseases (EGIDs), as SIGLEC-8.  

Conclusions. The ever better knowledge of the mechanisms of food allergy allowing these 

developments will improve not only the perspective of patients with the most serious 

immediate food allergies such as anaphylaxis, but also those of patients with related 

diseases such as atopic dermatitis, eosinophilic esophagitis, and EGIDs. Biologics are also 

intended to complement OIT strategies that have developed over the years.  A
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Introduction 

In the last twenty years epidemiological studies, reviews, and meta-analyses suggest that 

food allergy is on the rise worldwide by frequency and severity1,2,3.  

The incidence of IgE-mediated forms, typically rapid in onset4, range from 1% to 10% in 

infants and preschool-aged children, from 1% to 5% in school age, and about 4.5% in 

adults5. The non IgE-mediated forms, mainly affecting the gastrointestinal tract and the skin, 

appear with reactions 24-72 hours after ingesting the culprit food6,7 (Table). Their frequency 

is ill-defined8.  

Most of the allergic reactions to food are mild or moderate, but some become severe and 

potentially life-threatening, culminating in IgE-mediated anaphylaxis9. Death from 

anaphylaxis is a rare occurrence10, which most probably happen among patients with severe 

food allergy (SFA)11, but is a public health concern12. To reduce the risk of allergic reactions, 

strict avoidance of the offending food is advised.  

 

The limits of food avoidance 

The patient who has been prescribed to avoid one or more food allergens must be 

extremely careful on what she eats. Some foods are easily identifiable, others require extra 

attention. To safeguard the health of food allergic consumers, the health authorities of 66 

countries over the five continents require by law that allergenic ingredients must be 

declared when used in prepackaged foods13,14,15. Despite scrupulous observance of this 

prescription, accidental reactions to food may occur in greater proportion with the 

multiplicity of sensitizations. While infants and young children with allergy to milk or egg 

may experience less than one accidental reactions per year16, teens with severe food allergy 

have been described with reactions once a month17. Other factors linked to the probability 

of severe reactions include the dose of antigen, a timely effective treatment, and allergic 

comorbidities (in particular asthma)18. Reactions to undeclared ingredients are also not 
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unusual19.  

The difficulties in observing the avoidance prescription affects the quality of life of those 

suffering from food allergy20. SFA in particular reduces the quality of life and increases costs 

of living in patients and their families9,21,22. Hence, different approaches to the management 

of food allergy, aimed to reach some degree of tolerance to the offending food, have been 

developed.  

 

The limits of Oral Immunotherapy 

Food Oral Immunotherapy (OIT) was developed on the model of allergen immunotherapy 

(AIT) for allergic rhinitis, in the hope that it could increase tolerance and modify the natural 

history of the disease. The mechanisms of AIT are manifold23. Among them, the only 

mechanism unanimously recognized in OIT is the continuous allergenic stimulation of 

basophils and mast cells, which are thus deprived of their preformed mediators through 

continuous degranulation. This prevents the development of the allergic reaction to 

accidental contact with the allergen by disarming the effector cells24. Numerous studies 

have shown that, unlike the AIT, in OIT the desensitization process does not go hand in hand 

with a stable inhibition of specific IgE for the food subject to desensitization. While it is able 

to increase the food threshold25, the suspension of OIT most often leads to the 

reappearance of symptoms unless the sensitivity decreased in the meantime due to the 

natural history of the disease26,27. For peanut, the discontinuation or reduction to 300 mg 

daily of OIT after two years of treatment increases the likelihood of regaining clinical 

reactivity28. Thus, from a clinical point of view, the most precise word to define the effect of 

current versions of OIT is "mithridatization". 

The search for mechanisms that can transform this practice into etiological therapy has 

been and still is frantic, but the immunologic variations associated with a possible sustained 

unresponsiveness remain inhomogeneous across studies (Figure 1)29,30,31. OIT surely induces 

immunological changes due to allergen exposure. Among these, the most uniquely observed 

are the increase in IgE during the initial phase of therapy, followed by their stabilization and 

gradual reduction, and the rapid increase in IgG4 levels32. However, many years after the 

beginning of the OIT studies, we are still groping in the dark on the long-term immunological 

effects of this practice25.  

The side effects of OIT are higher than those of AIT, and may appear at any stage in its 
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execution33. For this reason there is no certainty about the opportunity to propose OIT to all 

patients with food allergy, while the need to reduce side effects is strongly felt34. This is one 

of the purposes for which the use of biologicals, aimed at contrasting the pathogenetic traits 

of the disease, has become plausible.  

 

Mediators involved in food allergy  

The development of biologics for food allergy stems from the understanding of the 

mechanisms that lead to the food allergic reaction: they are increasingly better known, and 

-whatever the severity - different forms of food allergy share common biologic 

mechanisms35.  

In IgE-mediated food allergy, specific IgE are only the last link in a long chain. The 

sensitization process involves the activation of allergen-specific T-cells and develops with 

their proliferation, cytokine production, and the generation of memory cells36. On a 

genetically predisposed terrain37, the inception of the disease depends substantially by 

environmental factors which determine the transcription or not of genes leading towards 

the creation of specific IgE38. In this, an increasingly important role is recognized to the 

components of exposome including allergen contacts, environmental pollution, intestinal 

and skin microbiome39,40.  

In most people, the ingestion of a food determines the development of immunological 

tolerance. This process, particularly active in the first months of life, depends on amount of 

foods reaching the bowel, the intestinal permeability, the endocytic capacity of the 

enterocytes, and the immune response of intestinal cells and of the whole organism41. 

Breaking the food tolerance determines a food sensitization and paves the way to food 

allergy. The importance of the intestinal environment in determining sensitization is 

evidenced by the fact that alterations in gastric pH42, intestinal microbiome43, and intestinal 

length44 are associated with an increased risk of food allergy. Alongside this pathway, the 

possibility of sensitization by cutaneous penetration of antigens though a permeable 

cutaneous barrier has also been hypothesized, especially in children with atopic dermatitis 

(AD)45. Irritant biological and chemical molecules may challenge the physical integrity of the 

cutaneous barrier by degrading the intercellular barrier proteins at tight and adherence 

junctions. Environmental factors responsible for such damage may include protease 

enzymes of allergens, detergents, tobacco, ozone, particulate matter, diesel exhaust, 
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nanoparticles, and microplastic46. In reaction to the exposure to intact food allergens that 

have eluded the cleavage mechanisms, the organism activates a group of cytokines leading 

to the inception of Th2 immunity (Figure 2). These are primarily epithelial derived cytokines, 

in particular interleukin 25 (IL-25), thymic stromal lymphopoietin (TSLP), and interleukin 33 

(IL-33)47. Such mediators stimulate innate lymphoid cells to release IL-13 and IL-548, and 

induce T-Helper 9 cells to produce IL-9, a mast cell growth factor able to promote their IgE-

mediated activation49. The alarmin IL-33 can activate lymphoid type 2 interstitial cells (ILC2) 

which in turn induce the production of IL-13 and IL-450,51,52. It also promotes the IgE-

mediated activation of mast cells. These cytokines determine the release of IL-25 which, by 

exerting a positive feedback on ILC2, increases the production of IL-13 and IL-4. IL-4 in 

particular can subvert allergen specific regulatory T cells into Th2‐like cells, resulting in the 

breakdown of immunological tolerance for the specific antigen53.  

The activation of epithelial derived cytokines induce IgE synthesis, both for their direct 

action and through ILC2. Furthermore, TSLP promotes the differentiation of CD4 + cells 

towards the Th2 line. As a whole, therefore, the epithelial derived cytokines strongly 

stimulate Th2 to the disadvantage of Th1 immunity, resulting in a powerful induction of the 

allergic response54.  

In this context, a protagonist role is played by IL-455, IL-5, and IL-13. These cytokines are 

produced by mast cells, basophils, dendritic cells (DC), Th2 lymphocytes, and ILC2. They are 

able to directly stimulate B-cells to produce IgE, to activate eosinophils to secrete IL-6, IL-8, 

IL-10, IL-13 and leukotrienes, and to promote macrophage differentiation into the 

alternatively activated M2 subtype56. In the eosinophil activation they are assisted by GM-

CSF and eotaxins.  

Phenomena of this kind are also implicated in the pathogenesis of non-IgE mediated forms 

of food allergy. In this case the mechanisms are more obscure, and at times very distant 

from those of the genesis of IgE-mediated food allergy. Just think of the case of Food 

Protein-Induced Enterocolitis Syndrome (FPIES), where it is above all the cells of natural 

immunity that are indicted to trigger the reaction57,58,59. Despite the fact that between FPIES 

and IgE-mediated food allergy there is a whole range of clinical conditions with mainly 

cutaneous or gastrointestinal expression, the similarity of some mechanisms is documented 

by epidemiological and pathogenetic affinities60. For instance in AD, a disease often 

associated with food allergy61, alterations of the DCs have been identified in response to 
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altered fibroblasts producing CCL2 and CCL19 chemiokines62. The lesioned skin is rich in 

inflammatory DCs and tissue-resident memory T cells producing IL-22 and IL-2663. The 

cytokines involved in the process include the epithelial derived cytokines IL-3364 and TSLP65, 

together with the inflammatory cytokines IL-17, produced by Th-17 and ILC366, and IL-1967. 

These mechanisms also lead to a high production of IgE in AD.  

The eosinophilic gastrointestinal diseases (EGIDs), including Eosinophilic Esophagitis (EoE), 

eosinophilic gastritis, eosinophilic enteritis, eosinophilic colitis, and allergic proctocolitis, 

share common pathogenetic mechanisms and mechanisms specific to each of the 

conditions. Among them, the best studied is certainly the EoE, in which the importance of 

food allergens is underlined by the efficacy of elimination diets68and the association with 

immediate food reactions69. In EoE, complex genetic and epigenetic alterations, modulated 

by environmental risk factors, translate in an overexpression of Th2 cells with increased 

production of their cytokines including il-4, IL-5 and IL-1370,71. These cells can be activated 

by an overproduction of thymic stromal lymphopoietin (TSLP)72. In the development of 

eosinophils, in their activation and in their circulation, IL-5 plays a fundamental role73. All of 

these interleukins have been shown to be overrepresented in the tissues of EoE74.  

In other eosinophilic gastrointestinal pathologies, a role of IL-4 and IL-13 has also been 

reported. Together with eotaxin-3 and chemoattractant receptor expressed on Th2 cells 

(CRTH2), IL-4 and IL-13 may be involved in the abnormal activation of the eosinophilic 

system75. Among the integrins involved in the pathogenesis of EGIDs SIGLEC-8, lectin 

receptors binding sialic acid, are playing an increasingly recognized role76. Il- 13 also 

mediates epithelial damage through the activation of genes such as CAPN14 and SPINK777. It 

generates a weakening of the epithelium by reducing the production of filaggrin and 

desmoglein-1. It is possible that the reduced integrity is responsible for the transepithelial 

passage of antigenic proteins leading to the development of sensitization. On the other 

hand, it has been well demonstrated in experimental models, including experimenta 

naturae as the short bowel syndrome, that an increase in the allergenic load is connected 

with the development of food allergy44. The final effect of this abnormal eosinophilic 

inflammation may be intestinal remodeling, in which a role is played by TGF-β78.  

These pathogenetic observations, with the increasing availability of monoclonal antibodies 

targeted against a wide range of these mediators, open a range of possibilities for new 

treatments of IgE-mediated and non-IgE-mediated food allergies79.  
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Monoclonal antibodies showing promise in clinical trials for IgE-mediated food allergy  

 

Alarmin-targeted treatments 

An exploratory study evaluated the effect of a single administration of Etokimab, an 

antagonist of IL-33, on IgE-mediated peanut allergy. In this protocol, a single administration 

of Etokimab was performed in patients with a positive Double-Blind Placebo-Controlled 

Food Challenge (DBPCFC) to peanut at baseline. A DBPCFC to peanut 14 and 45 days post-

administration was programmed to explore changes in tolerance threshold, together with 

skin prick tests and immunologic evaluations80. The drug induced an increase of the 

proportion of peanut-tolerating patients: 73% tolerated 275 mg of peanut protein – 

corresponding to two peanuts - after 14 days, 57% after 45 days. The tolerance to higher 

doses was inferior: 47% tolerated three peanuts after 14 days, 29% after 45 days. This 

clinical result was paralleled by a reduction in IL-4, IL-5, IL-9, and IL-13 in CD4+ T cells. SPT 

wheal size and peanut-specific IgE were reduced only at time 14 days. No side effects were 

recorded. The low sample size of this study (20 patients randomized 3:1) resulted in an 

imbalance in baseline characteristics. The active group [n=15] tolerated a median of 175 mg 

at baseline but the placebo group [n=5] tolerated only a median of 25 mg at food challenge. 

The median [range] peanut IgE in the active group was 39.5 [12-100] vs placebo 55[45-103]. 

With a very high drop out rate (3 out of 5 drop out in placebo group; 8 of 15 drop out in 

active group; 11 out of 20 overall dropped out), the study’s findings were not significant at 

their longest time point, day 45. None of the study findings were significant to passing a 375 

mg challenge, as opposed to a 275 mg challenge. Much larger studies are required to 

definitively know whether il-33 actually plays a role in human anaphylaxis or not.  

Another drug potentially useful in this area is Tezepelumab, a TSLP antagonist used for 

asthma and AD81,82, but no clinical trials on this drug in food allergy are being conducted at 

the moment. 

 

Targeting IL-4 and IL-13 

Dupilumab is a well-known monoclonal, available in the U.S. and in Europe for the 

indications of AD83, asthma84, and nasal polyposis85. It targets the α-chain of the IL-4 
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receptor (IL-4Rα), which is also common to IL-13. This binding results in a blockade of the 

downstream signaling initiated by both IL-4 and IL-13. As these cytokines are key players in 

the Th2 cell differentiation, Dupilumab inhibits several Th2-dependent immune ways, 

including the signaling pathway of IgE class switching, the macrophage polarization into the 

pro-inflammatory (M2) phenotype, and peripheral eosinophilia86. The molecule exerts 

effects on B lymphocytes, eosinophils, DCs, monocytes/macrophages, basophils, 

keratinocytes, bronchial epithelial cells, endothelial cells, fibroblasts, and airway smooth 

muscle cells87. In anecdotal observations, Dupilumab used for severe AD showed efficacy in 

getting tolerance to concomitant food allergy eliciting anaphylactic shock88. Two studies are 

underway to evaluate the effectiveness of this biological in food allergy. The first aims to 

evaluate how much it increases the proportion of allergic subjects who, treated with OIT for 

peanut allergy AR101, pass a food challenge after 4 months89. The second aims to assess 

how many peanut allergic subjects can achieve full tolerance to the food challenge after 24 

weeks without any immunotherapy treatment90. The results are expected in 2021.  

 

Anti-IgE treatments  

Immunoglobulin E is an obvious target for biological therapy, and the one most widely 

studied. Several strategies are possible in this context:  

a. Inhibition of IgE+ B cells, an important step in the control of IgE production91. This is 

possible by Quilizumab, a monoclonal antibody targeted against the CεmX fragment 

on IgE+ B cells able to induce IgE+ B cell apoptosis. In animal studies, Quilizumab 

proved able to reduce free IgE levels and to inhibit the generation of IgE+ B cells92. 

Another possibility is offered by AIMab7195, a Fc-engineered antibody with similar 

activity to suppress B cells through interaction with FcgRIIb as well as sequestering 

free IgE93. There are animal data and human trials are planned94. 

b.  Serum IgE neutralization. This is possible by Immunoadsorption plasmapheresis, anti-

IgE monoclonal antibodies as Omalizumab, Ligelizumab, or their biosimilars 

CMAB007 and MEDI4212, and single-chain variable fragment (a single-chain 

antibody targeting IgE, IgE-bound cells, and IgE-secreting cells)95 

c.  Inhibition of IgE-effector cells. This has been studied using polymeric Anti-FcεRI Fab-

conjugated celastrol-loaded micelles aimed to prevent IgE interaction with mast 

cells96 and kill mast cells. Another strategy is the use of the CTLA4Fcε fusion protein, 
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targeting IgE receptors, FcεRI and FcεRII/CD2397. 

In practice, the most studied strategy is IgE neutralization. Almost 20 years ago the first anti-

IgE antibody, Tazilumab (TNX-901), was shown to be able to increase the reactivity 

threshold to peanut after 2 to 4 weeks of treatment98. Although that molecule was then no 

longer developed, but was replaced by Omalizumab and recently by Ligelizumab, this 

remains a basilar proof-of-principle study.  

 

Omailzumab is the most widely studied molecule for the treatment of food allergy .  

 

Omalizumab instead of OIT  

Omalizumab is known to reduce the basophil histamine release in peanut allergy99. In 2010 

a four-week, double-blind, placebo-controlled trial aimed to evaluate the peanut threshold 

at DBPCFC before and after Omalizumab was terminated early for procedural reasons due 

to severe reactions occurring during the screening DBPCFCs. Still, the data obtained were 

sufficient to indicate an 80.9-fold improvement in the peanut threshold after 24 weeks100.  

In a real-life study, 15 patients treated with Omalizumab at the standard dose for asthma 

were evaluated for their concomitant severe food allergy. The thresholds for egg, milk, 

baked milk, and wheat increased by 17.8 times (Figure 3), the rate of food reactions 

decreased by 15.6 times, the quality of life (measured by of the generic PedsQL instrument) 

was remarkably increased16. Nine patients were able to introduce without symptoms a full 

serving size amount of all the foods tested without necessity of OIT procedures. Of the 

remaining six patients, two were able to reintroduce at least one of the tested foods tested, 

and four partially improved.  

These data indicate that Omalizumab could be considered in place of OIT treatment at least 

for a slice of patients; cost-efficacy, safety and applicability to different clinical situations 

should be explored before this indication can be provided.  

A trial currently underway will shed further light on data in this field. The NIAID-sponsored 

OutMATCH (Omalizumab as Monotherapy and as Adjunct Therapy to Multi-Allergen Oral 

Immunotherapy in Food Allergic Children and Adults) study aims to evaluate the 

effectiveness of Omalizumab alongside with multifood OIT101. In its phase 1, an 

Omalizumab/placebo comparison will assess among patients allergic to peanuts and other 

foods the ability to reach a full-serving size threshold at DBPCFC after 16-20 weeks of 
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treatment. A further 24-weeks extension will evaluate if a prolonged Omalizumab treatment 

increases the probability of patients to introduce foods102.  

 

Omalizumab alongside OIT  

Other, more substantial data evaluated the use of Omalizumab as an adjuvant during OIT 

procedures103.  

 

In milk OIT, a first study indicated ten years ago that the addition of Omalizumab allowed a 

faster build-up phase, without preventing totally the OIT adverse reactions104. A second trial 

shown a reduction of milk-induced CD4+ T-cell proliferation, markers of milk-specific T cell 

anergy, and a reduction of milk-specific basophil activation in CMA treated with 

Omalizumab-protected OIT105. Such immunological modifications were possibly associated 

with sustained unresponsiveness. In a third prospective trial, Omalizumab was shown to 

accelerate milk OIT with increased safety. In this study, after a 4-month course of 

Omalizumab or placebo patients were treated with milk OIT for 24 months. During this 

period, Omalizumab reduced the number of adverse events and their severity. OIT in the 

Omalizumab group could go on faster, but no effect was found on the final effectiveness of 

OIT and the duration of the benefit106. In other words, the treatment could speed up the 

execution time of milk OIT but it did not change its final results. 

Further data on the effect of Omalizumab on the acceleration of OIT maneuvers, and on 

their safety, were provided by a Japanese study in the context of milk allergy107 and by a 

Spanish study in the context of milk and egg allergy108. In none of these studies did 

Omalizumab prove able to modify the natural history of cow’s milk allergy.  

 

For peanut OIT, several studies document the facilitating effect of Omalizumab.  

In an pilot experience, Omalizumab was able to enhance oral desensitization in peanut 

allergic patients at high risk for developing significant reactions on exposure to even small 

amounts of peanut. Ninety percent of the patients in this study were able to reach the 

maximal peanut dose of 8g/day. Few reactions, mostly mild, predominantly during the dose 

escalation phase occurred. On discontinuation of Omalizumab, its benefits were maintained 

for 4 weeks109. These patients were also studied for an extended follow-up, demonstrating 

that continuing peanut OIT allows them to safely continue to consume free amounts of the 
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food on a regular basis in about 50% of cases110.  

Another experience, again with an unblinded design, was conducted with individualized 

doses of Omalizumab based on sensitivity to basophil activation test. In the Treatment of 

Severe Peanut Allergy with Omalizumab and Oral Immunotherapy (FASTX) study111, it was 

shown that all 23 enrolled patients with severe peanut allergy were able to reach the target 

dose of 2800 mg of peanut in about ten weeks. After Omalizumab discontinuation, 

symptoms recurred in approximately 50% of patients, some of whom had to restart 

Omalizumab and some had to stop OIT112. In this study there was also a case of OIT-

associated EoE113. 

The PRROTECT study (Peanut Reactivity Reduced by Oral Tolerance in an Anti-IgE Clinical 

Trial) evaluated in a prospective, controlled manner about forty high-risk subjects with 

peanut allergy between 7 and 18 years of age. Those treated with Omalizumab were able to 

get a rapid OIT and to tolerate doses of peanut 10 times higher than those treated with 

placebo. They were more likely to tolerate the target dose of 2000 mg of peanut protein 

after discontinuing Omalizumab for six weeks. Seventy-five percent of them were able to 

tolerate a double dose of peanut after another 6 weeks. In this experience, it is documented 

again that once peanut immunotherapy is started, it can be continued in a large proportion 

of cases28. Reasons for discontinuations are mainly gastrointestinal symptoms, in particular 

nausea. Also in this study, OIT-treated patients developed EoE with a frequency of about 

10%114.  

At least two ongoing studies are evaluating the effect of Omalizumab on the performance of 

peanut OIT.  

The stage two of the already cited OUtMATCH study105 will compare treatment with 

Omalizumab with placebo OIT to placebo for Omalizumab plus multi-allergen OIT This will 

provide information on the ability to consume foods without symptoms at DBPCFC after 

treatment with either Omalizumab-facilitated OIT or Omalizumab alone. Based on their end 

of treatment food challenges, the OUtMATCH stage three will assign patients into three 

arms:  

o Long-term follow-up with dietary consumption of a food; 

o Long-term follow-up with avoidance of a food; or 

o Rescue OIT for a food. 

The number of participants who, after stopping both treatments, will be able to eat peanut 
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and the two other foods in a dietary form will provide information on the effectiveness of 

these treatment approaches.  

 

Probably the use of Omalizumab finds its greatest sense in the population of multi-food 

allergic patients. In these patients, it has been reported that a rush OIT protocol to multiple 

food allergens using adjunct Omalizumab can be performed safely in a hospital setting115. In 

a blinded trial, Omalizumab has been tested able to improve the efficacy of multi-food OIT 

and to enable safe and rapid desensitization116. To this end, children with 2+ food allergies 

were randomized to multi-food OIT with two to five foods, together with Omalizumab or 

placebo. The proportion of participants who passed DBPCFC to at least two of their 

offending foods was significantly higher in the monoclonal-treated group. In a follow-up 

study, food tolerance after Omalizumab-facilitated multi-OIT was shown to best occur 

through continued maintenance of OIT (either 300mg or 1 g) as opposed to discontinuation 

of multi-OIT117.  

For multi-food allergy, at least two other studies are evaluating the effect of Omalizumab on 

the performance of OIT 

The ‘Protection from Food Induced Anaphylaxis by Reducing the Serum Level of Specific IgE’ 

(Protana) study is specifically addressing children with very high IgE levels. In these children, 

the previous reduction of the total IgE level by serum IgE immunoadsorption has been 

anecdotally reported to overcome the usual limit of 1500 kUI/L, allowing the introduction of 

Omalizumab in conditions of safety118. The Protana study is aimed at understanding 

whether preventive immunoadsorption allows for safe administration of Omalizumab in a 

prospective caseload119. 

The Omalizumab to Accelerate a Symptom-driven Multi-food OIT (BOOM) study is 

evaluating how to maximize treatment speed within patient safety using a flexible 

pragmatic approach120. This is the first study to address the question of whether 

Omalizumab doses can be individualized for patients with food allergy, regardless of the 

standard dose used for respiratory allergy.  

The E-B-FAHF-2, multi OIT and Omalizumab for food allergy trial is centered on the adjuvant 

effect of a Chinese herbal therapy in combination with multi-food OIT and Omalizumab on 

food tolerance121.  

Another study assessing the possible synergy with Omalizumab in food allergy is the 44-
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weeks NCT03679676 trial122: Omalizumab is compared to placebo and Dupilumab in their 

ability to get tolerance to two or more food allergens at Week 38. The use of Omalizumab as 

OIT adjuvant still retains many points to be clarified. While it can accelerate the build-up 

phase of OIT, adverse effects during maintenance are similar with or without Omalizumab 

acceleration of build-up. No studies have so far compared the opportunity of dosing 

Omalizumab as a fixed dose (as in chronic urticaria) versus weight and IgE-based (as in 

asthma). However, a recently published study indicates that in food allergy OIT it should be 

adjusted for body weight alone, independently of total IgE level123. The costs associated 

with combining Omalizumab and OIT, particularly commercial forms of OIT, should be 

highlighted.   

 

Taken together, the published data al Omalizumab suggest that it is close to entering the 

clinic with an indication of food allergy, though we eagerly anticipate the availability of 

further data from trials that are ongoing. For this threatening pathology, orphan of effective 

and safe treatments, it is our opinion that obtaining an indication for this biological would 

be a robust step forward in patient management. The enthusiasms, however, must be 

tempered by the awareness of the lack of data on quality of life and number of anaphylactic 

reactions under treatment with Omalizumab. Only if the preliminary real life data17 are 

confirmed in prospective studies, it will be reasonable to proceed in this direction124. 

Furthermore, the practical use of this molecule opens up a number of issues that are 

currently not completely addressed. Among these, the appropriateness of the dosage for 

this indication: in all probability it is different from that of the dosage for asthma120. After 

initial encouraging findings109, real life experiences indicate that food allergy symptoms may 

return upon discontinuation of Omalizumab108,125. In this sense, we cannot expect more 

from omalizumab than what we got from immunotherapy. 

 

Monoclonal antibodies showing promise in clinical trials for food allergy-related 

conditions.  

 

As long as it is not directly part of the "food allergy" topic, we believe useful to mention 

some of the forms with non-IgE-mediated food allergy that can be treated with biologicals. 
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Atopic dermatitis 

AD has an IgE-mediated component, and may be responsive to elimination diets in its 

severe pediatric forms126. The use of anti IgE antibodies has not proved particularly useful in 

AD127,128, but a trial found significant efficacy in severe pediatric cases, begging the question 

if Omalizumab may be part of therapeutic strategies in combination with other drugs129.  

The best studied biologic for AD is Dupilumab, able to suppress molecular markers of skin 

and systemic type 2 inflammation. Dupilumab reduces the clinical symptoms of AD in adult 

patients with moderate to severe disease130,131,132. Dupilumab is able to reduce the EASI 

score, the Pruritus Rating Scale, the percentage of affected body surface area (BSA), the 

Patient Oriented Eczema Measure (POEM) score, and to increase the quality of life. The only 

significant side effect was conjunctivitis133. In a Cochrane review, Dupilumab has been 

indicated as the most effective biological treatment for eczema134. With such credentials, 

the drug has been approved both in America and Europe for treating AD over 12 years. A 

trial is also ongoing to evaluate a possible synergy between Dupilumab and anti–IL-33 

(REGN3500)135.  

Tralokinumab, a monoclonal antibody targeted against IL-13 but not IL-4, has been 

evaluated in a phase-2 study in adults with moderate to severe AD with concomitant topical 

steroids136. The study reports promising results, although the safety profile seems rather 

less favorable than that of Dupilumab: respiratory infections and conjunctivitis are 

associated with this drug to a greater extent137. 

Another anti-Il-13 antibody, Lebrikizumab, showed promise in reduction of clinical 

symptoms in adults with severe AD, both in concomitance with steroids138 and alone139.  

Nemolizumab, an anti–IL-31RA monoclonal antibody, is targeted against the pruritus 

pathways of AD. In a phase 2 study, the drug proved effective in reducing symptoms and 

signs of AD140. However, side-effects including asthma, abdominal pain, diarrhea, and 

musculoskeletal symptoms have been reported141.  

The last monoclonal being evaluated in AD is the anti-thymic stromal lymphopoietin 

Tezepelumab. In this case, the clinical results do not appear encouraging142.  

In any case, the effectiveness of many of these treatments document how important 

immunological mechanisms, including food allergy, are in the determinism of AD.  

 

EoE. 
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In the therapy of EoE, the elimination diet for 4 or 6 foods has a well-recognized place, being 

able to obtain significant reductions in eosinophilic infiltrations and symptoms143,144. In its It 

is therefore not surprising that drugs used for food allergy have also been tested for this 

condition. Biologics targeted towards IgE and IL-5, also involved in the development of food 

allergy145, have been evaluated146. Among them:  

- Omalizumab has only been shown to be effective in a small portion of EoE patients, 

namely those with less intense eosinophilia147.  

- Mepolizumab, an anti-IL-5 targeted towards the main eosinophilic interleukin 

approved for eosinophilic asthma, proved effective in adult EoE, but the reduction in 

histologic eosinophils/hpf did not parallel a clinical benefit: symptoms of EoE did not 

improve148.  

- Reslizumab, another anti IL-5 approved for severe eosinophilic asthma, was found 

ineffective in EoE from a clinical and histological point of view149. Better results are 

reported using the drug in children and adolescents over a long period of time150. 

- Benralizumab, a monoclonal antibody targeted towards the IL-5 receptor alpha-

chain (IL-5Rα) on eosinophils, is of potential utility in EoE151, but no studies have 

been activated to date.  

- Dupilumab showed promising results in a phase II trial152: a decrease in symptoms 

(dysphagia) was paralleled by in improvement in histologic and endoscopic features 

in a significant proportion of patients. These results suggest an efficacy also in the 

long term, since the remodeling is proportional to the eosinophilic infiltration. 

 

Eosinophilic gastritis and duodenitis  

 

EGIDs are defined by marked eosinophilia in the gastrointestinal (GI) tract resulting in a wide 

variety of GI symptoms. When accompanied by blood hypereosinophilia (HE; 

AEC≥1500/mm3), EGID can occur as an isolated gastrointestinal disorder (hypereosinophilic 

syndrome/EGID overlap) or as part of a multisystem hypereosinophilic syndrome. In such 

syndromes, food allergy is frequent153. As in EoE, food elimination diets appear to be 

effective in reducing clinical symptoms and tissue eosinophilia154.  

Among the biologics proposed for EGIDs, Omalizumab, Mepolizimab and the anti-integrin 

Vedolizumab did show reduction of tissue eosinophilia, but not symptoms155,156,157. An 
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interesting approach, with possible future utility on food allergy, is the use of the Sialic acid-

binding immunoglobulin-like lectin (Siglec)-8 blocker Antolimab.  

 

 

Conclusions.  

 

The advances of knowledge on the pathogenetic mechanisms of food allergy is 

revolutionizing the therapeutic perspectives of this disease. In this scenario, the exciting 

new opportunities need to be carefully weighed against their risks and their costs. Among 

the risks, in addition to those of the side effects of the drugs that we have outlined, we see 

a cultural risk: the availability and biological must not prompt the clinician to deflect from a 

complete diagnostic-therapeutic assessment of the food-allergic patient. The temptation to 

treat with a biological a patient whose food allergy has not been thoroughly investigated 

would be a serious therapeutic error. Biologicals are not shortcuts.  

The costs of biologicals are sometimes very high, but in our opinion this should not prevent 

the hypothesis of using them at least in some circumstances. If an expense of thousands of 

dollars per month represents a remarkable investment, its value must be measured against 

both the direct and indirect costs faced by patients with this disease21. For this reason, 

according to the different socio-cultural and economic situations, when the indications are 

placed each national health system will have to foresee the appropriate cases in the specific 

context. To this end, the definition severity of food allergy being processed9 will represent a 

service offered by the World Allergy Organization to the community of patients, regulators, 

industries around the world. 
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TABLE. Specific food-induced allergic conditions, mechanisms and involved foods (modified 

from 2)  

 

Disorder Key features  Mechanisms  Involved foods  

IgE-mediated (acute onset) 

Acute 

urticaria/angioedema   

Food commonly causes 

acute (20%) but rarely 

chronic urticaria  

IL-33, TSLP, 

IL-4, IL-13, 

IgE  

Major food allergens  

Anaphylaxis  

 

Rapidly progressive, 

multiple organ system 

reaction can include 

cardiovascular collapse 

IL-33, TSLP, 

IL-4, IL-13, 

IL-31, IL-33, 

IgE 

Peanut, tree nuts, 

shellfish, fish, milk, 

egg (…) .  

Food-associated, 

exercise-induced 

anaphylaxis 

Food triggers anaphylaxis 

only if 

ingestion is followed 

temporally by exercise 

IgE  Wheat, shellfish, 

and celery most 

often 

described 

Oral allergy syndrome 

(pollen-associated 

food allergy 

syndrome) 

 

 

Pruritus and mild oedema 

confined to oral cavity. 

Uncommonly progress 

beyond the mouth (about 

7%)  

Rarely progresses to 

anaphylaxis (1% to 2%).  

Might increase after pollen 

season. 

IgE Raw 

fruit/vegetables; 

cooked forms 

tolerated; examples 

of relationships: 

birch (apple, peach, 

pear, carrot), 

ragweed (melons) 

Combined IgE and cell-mediated (delayed onset/chronic) 

Atopic dermatitis (AD) Associated with food 

allergy in about 35% of 

children with moderate-to-

severe rash 

CCL2, CCL19, 

TSLP, IL-4, 

IL-13, IL-17, 

IL-19, IL-22, 

Major allergens, 

particularly egg, milk A
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IL-26, IL-

31RA, IL-33  

Eosinophilic 

esophagitis 

Feeding disorders, reflux 

symptoms, vomiting, 

dysphagia, and food 

impaction.  

IL-4, IL-5, IL-

13, TSLP  

Milk, wheat, egg, 

peanut, soybean, 

tree nuts, shellfish, 

fish 

Eosinophilic 

gastroenteritis  

 

Vary on site(s)/degree of 

eosinophilic inflammation; 

might include ascites, 

weight loss, oedema, 

obstruction 

IL-4, IL-5, Il-

13, eotaxin-

3, CRTH2,  

SIGLEC-8,   

TGF-β 

Multiple  

IgE and cell-mediated (delayed onset/chronic) 

Food Protein-Induced 

Enterocolitis 

Syndrome (FPIES) 

Emesis, diarrhoea, poor 

growth, lethargy; re-

exposure after 

restriction: emesis, 

diarrhoea, 

hypotension  2 hours after 

ingestion 

IL-8, IL-4, 

IL-5, TNF-α, 

IL-6, IL-13 

 

Milk, soy, fish, rice, 

wheat, beef, apple  

Food protein–induced 

allergic proctocolitis 

Mucus-laden, bloody stools 

in infants 

IL-5 Milk (through 

breastfeeding)  

Allergic contact 

dermatitis  

Often occupational 

because of chemical 

moieties, oleoresins. 

Systemic contact 

dermatitis is a rare variant 

because of ingestion 

Similar to 

AD? 

Spices, fruits, 

vegetables…   

 

A
cc

ep
te

d 
A

rt
ic

le



Figure 1 – Hypotheses for the OIT mechanisms
28

:  

- Reduction of the establishment of Treg cells 

- Inception of counter regulatory immune responses 

- Reduction of excessive effector responses 

- Decrease in TH2 cell activity and IL-10 production  

- Change in IgE/IgG4 ratio 

- Epigenetic modifications at the Foxp3 locus during Treg cell differentiation 

mechanisms  
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Figure 2. Mechanisms involved in the pathogenesis of food allergy of possible therapeutic 

significance
36

.  
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Figure 3. Thresholds for wheat, egg, baked milk and milk before and after four months’ 

treatment with Omalizumab for asthma
11

. 
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