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Abstract 

The prevalence of IgE mediated food allergy is an increasing public health concern. The current standard of 

treatment is strict avoidance of the offending food(s). There are no FDA approved treatments for food 

allergy. This review will provide an overview of strategies currently under investigation for the treatment of 

food allergy. The main focus of research has been directed at various forms of immunotherapy, including 

oral, sublingual and epicutaneous delivery routes. While oral immunotherapy (OIT) has shown the greatest 

promise for efficacy in terms of amount of protein that can be ingested, it has also demonstrated less 

tolerability and a less favorable safety profile as compared to sublingual immunotherapy (SLIT) and 

epicutaneous immunotherapy (EPIT), which offers the least protection but has the best safety and tolerability 

profile. Investigation is also underway for modified antigens that may be used for immunotherapy and for 

adjuncts that may help facilitate immunotherapy, including biologics such as anti-IgE therapy, and also 

probiotics. There are also a number of preclinical concepts that are being evaluated to manipulate the 

antigens and/or the immune system that may one day be translatable to patients. 
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Introduction 

IgE mediated food allergy is an increasing public health concern with a rising prevalence in developed 

countries1. The most common food allergies are milk, egg, peanut, tree nuts, wheat, soy, fish, shellfish and 

sesame. A major area of interest in the field of food allergy is the development of an effective treatment. 

Currently therapies for peanut, milk and egg allergies are under the most clinical investigation. Food allergies 

not only significantly impact quality of life for those affected but also create a significant financial burden to 

patients, families and society2. This review will focus on recent research with respect to the treatment of IgE 

mediated food allergy, including various forms of allergen specific treatments (immunotherapy, modified food 

allergens, and additional preclinical basic science concepts that may be one day applied clinically), and 

allergen nonspecific treatments (biologics and traditional Chinese medicine) 

Current Treatment 

Treatment of food allergy in current clinical practice has been focused on strict avoidance of the offending 

food(s) and preparedness for as needed treatment in the event of accidental ingestions. The International 

Collaboration in Asthma, Allergy and Immunology has published a consensus document on food allergy 

outlining the recommended treatment in the event of accidental exposure with epinephrine and adjunctive 

treatment, including bronchodilators and antihistamines3. While strict avoidance is the current standard of 

care, the authors of this consensus document acknowledge the difficulty of maintaining strict avoidance. The 

majority of children with known IgE mediated food allergy to peanut will experience an accidental ingestion 

within a five year period4. Given the rate of accidental ingestions and the psychosocial and financial burden 

caused by food allergy, the future of treatment focuses on preemptive medical interventions. 

Immunotherapy 

Current immunotherapy research is directed at three routes of delivery. The most organic mechanism is oral 

immunotherapy (OIT), but due to issues with tolerability and safety, other routes are also under investigation, 

including sublingual immunotherapy (SLIT) and epicutaneous immunotherapy (EPIT). Key studies are 

highlighted in Table 1. As with all forms of immunotherapy, food specific immunotherapy involves 

administration of increasing doses of the offending food over months and then a maintenance dose for 

years. Desensitization refers to the ability to tolerate the allergen with continuous exposure. Earlier studies 

focused on achieving long-term tolerance whereby patients are protected from reactions even after the 

exposure is discontinued. However, this endpoint has been difficult to achieve and to prove. Current studies 

are focused on measuring sustained unresponsiveness, whereby immunotherapy is discontinued for a 

variable amount of time (usually on the order of 1-2 months) and then patients are rechallenged to assess if 

they maintain their lack of reactivity5. 

The immunologic mechanisms underlying immunotherapy are still being elucidated. Immunologic changes 

that have been observed include decreased mast cell and basophil reactivity, decreased levels of specific 

IgE and increased levels of specific IgG4 and decreased skin reactivity6-8. Some but not all studies have also 

observed changes in T lymphocytes, including increased T regulatory cells 8-10. It should be noted that many 

of the immunologic effects appear to be transient. 

OIT takes advantage of the natural route of ingestion for inducing oral tolerance. OIT utilizes the 

highest maintenance doses and appears to be the most efficacious; however, it is also associated with a 

greater likelihood of adverse reactions. SLIT employs lower maintenance doses as the volume of allergen 

that can be held under the tongue is limited. SLIT has an improved safety profile, but appears less 

efficacious than OIT. EPIT delivers antigen via the skin wherein it activates Langerhans cells and promotes 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
L

iv
er

po
ol

] 
at

 0
6:

10
 3

1 
A

ug
us

t 2
01

7 



 

3 
 

downregulation of effector cells. EPIT uses the lowest maintenance doses and also has an improved safety 

profile but appears to be the least efficacious. 

Type Year Author Food Age Total 

Subjects 

Comments 

SCIT11 1992 Oppenheimer, 

et al 

Peanut 14-43 3 67-100% decreased symptom 

scores, 13% systemic 

reactions 

SCIT12 1997 Nelson, et al Peanut 18-56 6 high rate of systemic reactions 

OIT13 2003 Patriarca, et al Milk, 

egg, 

other 

3-55 59 38/59 completed treatment 

OIT14 2008 Longo, et al Milk 5-17 30 27/30 completed treatment 

OIT15 2009 Jones, et al Peanut 1-16 39 29/39 completed treatment 

OIT16 2010 Blumchen, et al Peanut 3-14 23 14/23 completed treatment 

OIT & 

Probiotic17 

2015 Tang, et al Peanut 1-10 62 82% achieved primary 

outcome 

SLIT8 2011 Kim, et al Peanut 1-11 18 18/18 completed treatment 

SLIT18 2013 Fleischer, et al Peanut 12-37 20 14/20 completed treatment 

SLIT19 2015 Burks, et al Peanut 12-40 37 follow-up trial 10% 

desensitized at 3 years 

EPI20 2016 Jones, et al Peanut 4-25 74 46-48% achieved primary 

outcome 

 

Subcutaneous Immunotherapy 

Although subcutaneous immunotherapy is effective in treating allergic disease due to aeroallergens, efforts 

at evaluating subcutaneous immunotherapy directed against food allergens were halted due to safety 

concerns. One early small pilot study was conducted with 3 patients who underwent rush immunotherapy. 

They demonstrated a 67-100% decrease in symptom scores during double blinded placebo controlled 

peanut challenges with patients tolerating 8gm of peanut as the final dose of the challenge. However, the 

rate of systemic reactions with the immunotherapy group was 13.3% (16 reactions in 120 injections)11. This 

study was terminated early due to a patient in the placebo arm who developed fatal anaphylaxis after 

accidentally receiving peanut extract. Another small pilot study evaluated 6 patients who underwent rush 

immunotherapy. Systemic reactions were again common and only 3 out of the 6 patients were able to 

continue full maintenance doses. These patients passed double blinded placebo controlled peanut 

challenges again with 8 gm of peanut. Patients who required dose reduction of their injections due to 

reactions could not tolerate the complete double blinded oral food challenge12. Although the high rate of 
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systemic reactions led to waning interest in this form of immunotherapy for food allergy, it should be noted 

that those who were able to tolerate the therapy were able to tolerate a clinically significant amount of 

peanut. As we review other forms of immunotherapy, it is important to keep in mind the level of protection 

that can be derived from each form. Recently there has been some renewed interest in SCIT with 

recombinant food proteins, including a recombinant fish protein as part of the FAST (Food Allergy Specific 

ImmunoTherapy project) as discussed below, and a modified aluminum hydroxide adsorbed peanut extract 

(HAL-MPE1) (NCT02991885). 

Oral Immunotherapy 

As there have been many recent outstanding reviews on the individual OIT studies5,21-24, we will focus 

briefly on a general overview of OIT, current challenges and clinical trials that are in progress. 

With oral immunotherapy, patients ingest the food on a daily basis in between dose escalations. Of 

note, there is a wide range of dosing protocols in terms of both the buildup and maintenance phases. For 

example, in peanut trials, studies have used maintenance doses ranging from one peanut (approximately 

200mg) to 17 peanuts22. Furthermore, there have been significant differences in reporting of outcomes, 

which is likely related to variable definitions used in differing studies, but also due to effects likely being 

dependent on time on therapy and dose of therapy. 

Patients who are able to proceed through these desensitization protocols can oftentimes tolerate 

significant amounts of the food while on therapy, which would provide significant protection against 

accidental ingestions. The majority of patients will have some side effects of therapy, especially 

oropharyngeal symptoms and abdominal pain, but more severe reactions, including anaphylaxis occur. Side 

effects, especially gastrointestinal, often limit a patient’s ability to achieve the target maintenance dose with 

studies reporting that up to 30% of patients fail to complete desensitizations25. Furthermore, rates of 

sustained unresponsiveness have been lower6,26,27. The optimal duration of immunotherapy is unknown but it 

is likely that treatment of longer duration promotes sustained unresponsiveness6. 

Another key issue in food allergy immunotherapy is that approximately 30% of children are allergic to 

more than one food. A 2014 study evaluated OIT in up to five food allergens and found that while patients on 

multiple foods took longer to achieve an equivalent maintenance dose as single food OIT, they had a similar 

rate of reactions as compared to patients on peanut alone. There are ongoing clinical trials evaluating OIT 

for multiple foods (clinicaltrials.gov), including a trial evaluating the efficacy of omalizumab as an adjunct 

(NCT02643862), and a trial with Chinese herbal therapy and omalizumab (NCT02879006). 

Oral immunotherapy has largely focused on trials for peanut, cow’s milk and egg. There are multiple 

ongoing clinical trials for other allergenic foods (clinicaltrials.gov), including walnut (NCT01546753), hazelnut 

(NCT03048149), wheat (NCT01980992). 

 

OIT with Probiotics 

OIT with probiotics as an adjuvant has been evaluated. A double-blind, placebo-controlled randomized trial 

of Lactobacillus rhamnosus and peanut OIT was conducted in 62 children with peanut allergy17. The primary 

outcome was possible sustained unresponsiveness as evaluated by passing a 4gm peanut oral challenge 2 

to 5 weeks after stopping OIT. Children were treated for approximately 18 months. 82.1% of patients in the 

OIT with probiotics group achieved the primary outcome as compared to 3.6% in the placebo group (p = 

<0.001). 89.7% of patients who received probiotics with OIT were successfully desensitized as compared to 
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7.1% of patients who received placebo (p<0.001). Patients treated with OIT with probiotics also had 

decreased skin prick tests, lower peanut specific IgE levels and increased peanut specific IgG4 levels. 

Although this trial demonstrated efficacy of OIT with probiotics as compared to placebo, future trials will need 

to address the added value of probiotics with OIT as compared to OIT alone. 

Sublingual Immunotherapy 

SLIT delivers the antigen under the tongue in a liquid form. As with other forms of immunotherapy, patients 

receive gradually escalating doses until a maintenance dose is achieved. Dosing and thus efficacy is limited 

by the volume of liquid that can be held in the small space sublingually. The lower dosing does have the 

advantage of an improved safety and tolerability profile over OIT. SLIT is currently used for environmental 

allergen induced allergic rhinitis. 

SLIT for the treatment of food allergy has largely focused on peanut, although other foods studied include 

milk and hazelnut as well as peach and kiwi. A double-blind, placebo-controlled study evaluated peanut SLIT 

vs. placebo for 12 months in 18 children8 The treatment group could tolerate 20 times more peanut protein 

than the placebo group with a median dose of 1710 mg as compared to 85mg (p = 0.011). SLIT was safe 

and relatively well tolerated; main side effects were largely oropharyngeal. 

A randomized, double-blind, placebo-controlled study evaluated 40 patients comparing peanut SLIT 

vs. placebo18. After 44 weeks, 14 out of 20 patients who received active treatment were considered 

responders (defined as being able to consume 5gm of peanut powder or a 10-fold increase in the amount of 

peanut powder as compared to baseline). 3 out of 20 patients who received the placebo were considered 

responders. The active treatment group had a successfully median consumed dose that increased from 3.5 

to 496 mg at 44 weeks and this increased further to 996 mg at 65 weeks. 

A three year follow up for this trial showed that 50% of patients had discontinued therapy19. 4 out of 

37 (10.8%) patients were desensitized to 10 gm of peanut powder, and these patients achieved sustained 

unresponsiveness as measured by an Oral Food Challenge (OFC) after 8 weeks off SLIT. There were no 

severe reactions or episodes requiring epinephrine. 

 

OIT vs. SLIT 

There have been two randomized studies that have compared SLIT vs. OIT. One study evaluated milk SLIT 

vs. milk SLIT followed by OIT with 60 weeks of maintenance therapy in 30 patients28. 14 out of 20 patients 

who received OIT passed an OFC with 8gm of milk as compared to 1 out of 10 patients who received SLIT 

(p = 0.002). Patients who received OIT were more likely to have systemic adverse events as compared to 

patients who received SLIT. 

Another double-blinded, placebo-controlled trial evaluated peanut SLIT vs. peanut OIT29. SLIT 

maintenance dose was 3.7mg and OIT maintenance dose was 2000mg during a 12-month trial. 21 patients 

were initially enrolled but 5 discontinued therapy. All patients exhibited at least a 10-fold increase in the 

amount of peanut protein they could tolerate as compared to baseline. The OIT group demonstrated a much 

greater magnitude of change at 141-fold increase as compared to the SLIT group who had a 22-fold 

increase. Again, the OIT group were more likely to have more severe reactions as compared to SLIT. 

Epicutaneous Immunotherapy 
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EPIT delivers the offending antigen via a patch through the skin. Langerhans cells that reside in the skin 

capture the antigen and present it to T cells in their respective regional lymph node with the goal of directing 

a regulatory immune response30. EPIT delivers even smaller dosages of the antigen than SLIT. Furthermore, 

as patients are not ingesting the antigen as part of therapy, efficacy can only be assessed with oral food 

challenges. 

Overall, EPIT appears to be a relatively safe form of immunotherapy. A double-blind, placebo-controlled pilot 

study of EPIT for cow’s milk allergy evaluated safety in 19 patients. The majority of adverse events were 

local skin reactions at the patch site. Reactions were mild and did not interrupt treatment. A randomized, 

double-blind, placebo-controlled study of EPIT for peanut evaluated safety in 100 patients31. Non-localized 

adverse events occurred in about half of all patients in the two groups--42/80 (52.5%) of patients in the 

active group reported at least one non-local adverse event as compared to patients in the placebo group 

(45%; 9 of 20 patients). There were no anaphylactic events and no patients required epinephrine. Patients in 

the active group did report more local adverse reactions. 84% of patients in the active group experienced at 

least one local reaction compared to 60% in the placebo group (p = 0.021; relative risk 1.4, 95% CI 0.99-

2.08). 

A recent multicenter, double-blind, randomized, placebo-controlled study evaluated EPIT for the treatment of 

peanut allergy20. This study included 74 patients. Patients were randomized to placebo or one of 2 doses of 

peanut patch (100 or 250g). Patients were treated for 52 weeks. The primary outcome was passing an oral 

food challenge of 5044mg or an ability to tolerate a 10-fold or greater increase as compared to baseline. 

48% of patients who received the higher dose patch and 46% of patients who received the lower dose patch 

achieved the primary outcome as compared to 12% of the patients who received placebo (p = 0.003 and p = 

0.005, respectively). Patients in the lower dose patch group could tolerate 43mg more of peanut protein at 

the end of the trial and patients in the higher dose patch group could tolerate 130mg more of peanut protein 

as compared to 0mg in the placebo group (p = 0.014 and p = 0.003, respectively). They also found that the 

treatment was more efficacious in younger children (age 4-11 compared to >11 years). The patch was found 

to be relatively safe and recapitulated prior studies that demonstrated the majority of adverse reactions were 

local and mild. 79.8% of patients who received an active patch reported reactions as compared to 14.4% of 

patients who received placebo. There were no anaphylactic reactions. 

Overall, epicutaneous immunotherapy appears to offer a better tolerability and safety profile as compared to 

other forms of immunotherapy with the majority of adverse reactions being local skin reactions. However, 

thus far it also appears to provide a lower relative degree of protection in terms of amount of ingested protein 

tolerated. 

Perhaps after these individual therapies, OIT, SLIT and EPIT, are characterized and evaluated as 

monotherapy, studies will evaluate them in sequence. EPIT seems to be the most well tolerated and perhaps 

can be used in patients who did not otherwise tolerate OIT or SLIT; if EPIT provides enough efficacy then 

perhaps they would subsequently be able to better tolerate OIT or SLIT. 

Intralymphatic Immunotherapy 

Intralymphatic immunotherapy is in the earliest stage of development. It has largely been studied with 

respect to aeroallergens where there have been conflicting results regarding efficacy32; however, some 

studies have been promising and studies are ongoing. Intralymphatic immunotherapy has not yet been 

applied to food allergy. 

Baked Milk and Egg 
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Ingestion of extensively heated cow’s milk and egg products has shown promising results for children 

with milk and egg allergies, respectively. Studies suggest that 70-75% of children who are milk or egg 

allergic can tolerate baked forms of these proteins33. Heating these proteins is believed to change the 

epitopes recognized by specific IgE through denaturation34. Furthermore, interactions with a food matrix is 

also thought to alter the allergenicity of these proteins35,36. 

Previous studies have demonstrated that children who are able to tolerate baked milk or egg are 

more likely to develop tolerance to regular cow’s milk and egg37,38. A study of 65 cow’s milk allergic patients 

who tolerated and consumed baked milk regularly were 16 times more likely to develop tolerance to regular 

milk as compared to those who strictly avoided milk39. A study of 70 egg allergic patients who tolerated and 

consumed baked egg regularly were 14.6 times more likely to develop tolerance to regular egg as compared 

to patients who strictly avoided egg. Furthermore, the baked egg consuming group developed tolerance to 

regular egg in a shorter interval at 50 months as compared to 78.7 months40. 

Baked milk and baked egg therapy appears to be largely well tolerated amongst those who demonstrate 

their tolerance with physician supervised oral food challenges. There have been reports of patients who 

initially tolerated the baked oral food challenge but then developed symptoms at home with consumption of 

baked products, including one patient who required epinephrine41. Few patients have also reported mild oral 

and abdominal symptoms at home39,42,43. In some cases, there was concern about whether home baked 

products were adequately cooked, which highlights the importance of adequate guidance regarding the 

degree of heating required at home. 

The risk in baked milk and baked egg therapy largely lies in the initial oral food challenge to assess 

tolerance of these baked products as studies have reported anaphylaxis requiring epinephrine during these 

initial challenges42. 

Modified Food Allergens 

Standard immunotherapy involves administration of whole allergenic extracts. Given the high rate of adverse 

reactions with food allergy immunotherapy, there has been interest in the development of modified food 

allergens and peptides for immunotherapy. 

Work has been done evaluating whether sugar modified antigens (bovine serum albumin bearing 51 
molecules of mannoside; Man51-BSA) may induce oral tolerance in a mouse model44. Administration of 
Man51-BSA decreased the anaphylactic response by targeting a C type lectin receptor, SIGNR-1, which 
conditions dendritic cells in the lamina propria and favored generation of CD4+ type 1 regulatory like cells 

expressing IL-10 and IFN-. Another study employed a similar approach and evaluated glycated forms of 
ovalbumin45. They found that treatment with these modified antigens decreased specific IgE and clinical 
signs after oral challenge. They also found a decrease in maturation and uptake by DCs and an increase in 
the percentage of T regulatory cells. 

Peptide Immunotherapy 

Peptides are also being researched for allergen specific immunotherapy. While these peptides 

contain T cell epitopes of the major allergens, they have a decreased capacity to cross link and activate IgE. 

This design will hopefully translate into better safety profiles. 

Most of the work thus far has been directed at peanut. One study generated Ara h 2 (a major peanut 

component) specific CD4+ T cell lines from peripheral blood mononuclear cells (PBMCs) of peanut allergic 

patients46. They identified 5 dominant CD4+ T cell epitopes and identified 3 short peptide variants that 

demonstrated HLA binding but not peanut IgE binding and could be used to target T cells for 
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immunotherapy. This group also identified Ara h 1 peptides that targeted specific T cells employing a similar 

strategy 47. Another study evaluated computer based predictive algorithms and in vitro analysis to identify 

Ara h 2 candidate peptides again using PBMCs from peanut allergic individuals. They identified 4 dominant 

regions of Ara h 2 that could serve as candidates for peptide immunotherapy. A similar study identified 4 Ara 

h 1 peptides as potential immunotherapy candidates48. 

A recent study showed the potential for a peanut peptide derived from Ara h 2 to be conjugated to a 

carrier derived from Lactobacillus buchneri to be used therapeutically49. Although this fusion protein was 

recognized by IgE, it did not activate sensitized rat basophil leukemia cells. 

While peptide research has largely been investigated in peanut, there has been interest in the search of 

relevant peptides in other food allergies. There has been evidence in milk allergy that hydrolyzed β-

Lactoglobulin (βLg) contains the necessary T cell epitope needed to be a novel candidate for peptide based 

oral immunotherapy50. A recent pilot study evaluated oral immunotherapy with hydrolysed egg in children51. 

Although a 6-month treatment course in a small number of patients was not enough to demonstrate a 

statistically significant difference in the proportion of patients who became tolerant to egg, they found that 

patients treated with hydrolysed egg demonstrated increased specific IgG4 and decreased basophil 

activation as compared to patients treated with placebo, suggesting a trend toward tolerance. 

Murine work in shellfish allergy has identified 6 immunodominant T cell epitopes of tropomyosin 

(major shrimp allergen of Metapenaeus ensis, Met e 1). Sensitized mice treated with these peptides 

demonstrated decreased allergic reactions on subsequent challenge and demonstrated a decrease in Th2 

associated cytokines and an increase in T regulatory cell response52. Additional food specific T cell epitopes 

that have previously been described include peach, ovomucoid, and tree nuts53. 

Heat killed bacteria expressing modified recombinant food proteins 

Previous studies have employed modified food proteins in concert with heat killed bacteria in mouse models 

to evaluate for protective effects. These modified proteins have an altered amino acid that significantly 

reduces IgE binding to the protein. In one study, peanut allergic mice were treated with heat killed E. coli 

expressing modified peanut proteins, Ara h1, 2, 3, (HKE-MP123) and were then subsequently challenged54. 

Investigators found that the mice treated with HKE-MP123 demonstrated decreased anaphylaxis symptom 

scores upon challenges as compared to mice treated with sham reagents. They also found significantly 

reduced IgE levels, decreased expression of TH2 cytokines in the splenocytes of mice who received the 

highest doses of HKE-MP123, and increased expression of TH1 and T regulatory cytokines as compared to 

the sham group. 

This group also studied peanut allergic mice treated with modified Ara h 1, 2, 3 proteins administered with 

heat killed Listeria monocytogenes as an adjuvant (HKLM-mAra h 1-3)55. They found that mice treated with 

HKLM-mAra h 1-3 had decreased anaphylaxis symptom scores upon subsequent challenge as compared to 

mice in the sham treatment group as well as compared to mice who were treated with m Ara h1-3 alone. 

They similarly found decreased expression of TH2 cytokines in the splenocytes of mice who received HKLM-

mAra h1-3, and increased expression of TH1 cytokines. 

A phase 1 trial evaluated the safety of rectally administered modified Ara h 1, 2, 3 protein encapsulated in 

heat and phenol killed E. coli56. Ten peanut allergic adults received weekly dose escalations for 10 weeks to 

a maximum of 3,063 micrograms and then biweekly administrations for 6 weeks. Five patients were unable 

to complete dosing due to adverse reactions (including 2 episodes of anaphylaxis), 1 patient had mild rectal 

symptoms and 4 patients tolerated dosing without any symptoms. They found that the patients who reacted 

had significantly higher baseline peanut and Ara h 2 IgE levels. After treatment, patients had decreased 
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peanut skin test titration and basophil activation but no changes in total IgE or peanut IgE. Given the high 

rate of allergic reactions, rectal administration of these modified peanut proteins with killed E. coli at this 

dose was deemed not suitable for further clinical investigation; however, great interest remains in modified 

allergens. 

Research is ongoing for the development of other modified food proteins that can be expressed by E. coli, 

including recombinant mango allergen(Man I 1)57 and recombinant hypoallergenic carp parvalbumin (Cyp c 

1) 58 (NCT02017626). 

Additional Preclinical Concepts 

CpG Coated Peanut Nanoparticles 

A mouse model of peanut allergy was used to evaluate peanut OIT in the form of CpG coated nanoparticles 

with peanut extract59. Mice who were treated with these nanoparticles demonstrated lower anaphylactic 

symptom scores on subsequent oral challenges. Mice also demonstrated decreased TH2 cytokines and 

increased IFN- levels. 

Food allergen coupled cell transfer 

Previous studies have shown the ability of antigens chemically linked to cells via 1-ethyl-2-(3’-

dimethylaminopropyl)-carbodiimide (ECDI) to promote tolerance in Th1 and Th17 mediated autoimmune 

diseases. A group evaluated the effect of peanut antigen coupled cells to induce tolerance in sensitized 

mice60. They found this approach prevented anaphylactic responses on oral challenge and this tolerance 

was dependent on CD25+ T regulatory cells. 

Regulatory Dendritic and T Cells 

Regulatory dendritic cell immunotherapy is being evaluated in murine models. Dendritic cells in the intestines 

present food antigens to naïve T cells and can induce differentiation of regulatory T cells that mediate 

tolerance. A recent study evaluated the ability of mature retinoic acid-skewed dendritic cells to reverse 

ovalbumin or peanut allergy61. They found that when these cells presenting specific food allergens were 

delivered in sensitized mice, there were decreased rates of anaphylaxis with subsequent allergen challenge 

by up to 90%. They were able to characterize induction of T regulatory cells. Investigators hope to translate 

this approach to patients and clinical food allergy. 

Biologics 

Omalizumab 

Omalizumab is an anti-IgE biologic agent that is being evaluated for treatment in food allergy. Initial studies 

focused on the use of omalizumab as monotherapy to decrease reactions in patients with food allergy while 

more recent studies are evaluating the use of omalizumab in conjunction with OIT. A previous study 

assessing the amount of peanut patients could tolerate while on omalizumab was terminated early due to 

safety concerns about the peanut challenge prior to randomization62. Fourteen patients did reach the primary 

endpoint after 24 weeks of omalizumab treatment. The patients who were treated with omalizumab 

demonstrated a trend towards a greater change from baseline in terms of the amount of peanut tolerated. 

Another study of peanut allergic patients assessed after 6 weeks of therapy with omalizumab demonstrated 

an increase in the amount of peanut tolerated before a reaction was elicited (80mg at baseline increased to 

6500mg, p<0.01)63. They also demonstrated a decreased basophil histamine release in these patients. 
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More recent studies have focused on omalizumab as an adjunct to immunotherapy. Studies have shown 

promising potential in conjunction with OIT trials with peanut and milk and also with multiple allergenic 

foods64-66. Two recent studies have evaluated omalizumab in cow’s milk OIT and one recent study evaluated 

omalizumab in peanut OIT. One study performed a double-blind, placebo-controlled trial of omalizumab vs. 

placebo as pretreatment before open label milk OIT. In the study, 57 patients were pretreated for 4 months 

with omalizumab or placebo and continued to receive omalizumab or placebo until month 28. Patients who 

were able to tolerate OIT received treatment for 8 weeks and then discontinued OIT 4 weeks thereafter to 

assess sustained unresponsiveness. After 28 months, omalizumab and placebo patients passed OFCs at 

similar rates (88.9% vs. 71.4%, respectively; p = 0.18). Rates of sustained unresponsiveness were also 

similar (48.1% in the omalizumab group vs. 35.7% in the placebo group; p = 0.42). Despite similar efficacy 

outcomes, they did find a statistically significant difference in the rate of adverse events. Patients treated 

with omalizumab had a smaller proportion of doses per patient that provoked symptoms, fewer reactions 

requiring treatment and also required fewer doses to achieve the maintenance dose. 

A recent study also evaluated the use of omalizumab to facilitate OIT in cow’s milk and egg allergic patients 

who previously did not tolerate OIT due to anaphylactic reactions67. Fourteen patients received 9 weeks of 

omalizumab followed by 12 months of cow’s milk or egg OIT. Patient’s continued to receive omalizumab for 

2 months after the induction phase of OIT. They reported 100% of their patients were able to achieve 

desensitization. They reported 4 patients had mild allergic reactions during the induction phase and 6 

patients had anaphylactic symptoms after discontinuing omalizumab. 

A double-blind, placebo controlled study evaluated omalizumab to facilitate rapid peanut desensitization68. In 

the study, 37 patients were randomized to either omalizumab or placebo for 12 weeks. These patients then 

received rapid peanut OIT and had weekly increases up to the maintenance dose of 2gm at which time 

omalizumab was discontinued. Twelve weeks after discontinuation of omalizumab or placebo, they 

underwent an open challenge to 4gm of peanut protein. They found that patients who received omalizumab 

tolerated 250mg of peanut protein on the initial day of desensitization as compared to 22.5mg for patients 

who received placebo. They found that 23 of 29 patients (79%) who received omalizumab tolerated 2gm of 

peanut 6 weeks after omalizumab was discontinued as compared to 1 of 8 patients (12%) who received 

placebo (p<0.01). Twenty-two patients who received omalizumab passed the 4gm peanut challenge as 

compared to 1 patient receiving placebo. They found similar rates of adverse reactions between the two 

group despite the omalizumab group receiving higher doses of peanut. 

While these studies suggest a promising role for omalizumab in the treatment of food allergy, especially as 

an adjunct to immunotherapy, the costs of the drug will also have to be weighed. Not all patients would need 

omalizumab to tolerate immunotherapy, therefore, appropriate patient selection will likely be a key issue. 

Further studies are also needed to evaluate the optimal omalizumab regimen and duration. 

Other Biologics 

The monoclonal antibody dupilumab targets IL-4 receptor  and modulates activity of IL-4 and IL-13. 

Dupilumab has been studied and shows promising efficacy in atopic dermatitis, asthma and sinusitis. It was 

recently approved by the FDA in the treatment of atopic dermatitis. Although, application of this drug has not 

yet been applied to food allergy, IL-13 variants have been associated with food sensitization in patients with 

atopic dermatitis, and mutations in IL-4 receptor  have also been associated with food sensitization, 

suggesting potential for this or similar drugs to play a future role in food allergy therapeutics69,70. Multiple 

other biologic agents are under investigation and may have implications for the treatment of food allergy, 

including additional monoclonal antibodies and TLR agonists, 71. 
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Traditional Chinese Medicine 

The field of complementary and alternative medicine has been growing in recent years. With respect to the 

field of food allergy, traditional Chinese medicine with herbal formulations have been evaluated. Food Allergy 

Herbal Formula-2 (FAHF-2) is composed of 9 herbs that were previously shown to mitigate anaphylaxis 

induced by peanuts in a mouse model72. A randomized, double-blind, placebo-controlled study wherein 

patients received therapy for 6 months showed no clinical efficacy for inducing tolerance; although patients 

treated with FAHF-2 did show increased regulatory T cells, and T cell studies showed an increase in 

production of IL-10 and a decrease in production of IL-5. This study was limited by poor drug adherence. 

Given evidence of potential immunomodulation in this clinical trial, it remains to be seen whether longer 

duration or different dosing of FAHF-2 may be more efficacious clinically, or if it can be used in combination 

with other therapies. As mentioned above, there is also an ongoing trial examining the use of adjunctive 

Chinese herbal therapy and omalizumab in OIT directed at multiple foods (NCT02879006). 

Conclusion 

The rise in prevalence of food allergy has led to significant interest in developing better therapeutics than the 

current standard of care, which involves strict avoidance and as needed medications for accidental 

ingestions. There are a number of both allergen specific and allergen non-specific mechanisms to treat food 

allergy currently under investigation. The field of food allergy therapy is continually advancing, and we can 

likely expect changes to clinical practice in the near future. Currently the most promising advances lie in OIT, 

which offers the best efficacy as compared to other routes of immunotherapy but also the highest likelihood 

for treatment related adverse effects. The use of omalizumab in conjunction with OIT offers the potential for 

an improved safety profile. 

Abbreviations 

(OIT) Oral immunotherapy 

(SLIT) Sublingual immunotherapy 

(EPIT) Epicutaneous immunotherapy 

(FAHF-2) Food Allergy Herbal Formula-2 
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