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Abstract

Purpose of review IgE-mediated food allergy (FA) is a potentially life-threatening condi-
tion with negative impact on the quality of life of patients and their family. It has been
emerging as a public health priority in westernized countries in the recent two decades.
The current standard approach to FA consists of the strict avoidance of the triggering food
and keeping rescue medication readily available in the event an allergic reaction occurs.
However, an elimination diet may be difficult and frustrating, above all for those foods
(e.g., milk and egg) that are pivotal in the common diet.
Recent findings Oral immunotherapy (OIT) may increase the amount of food that the
patient can intake without reaction, and reduce the risk of potential life-threatening
allergic reactions As its enormous potential, OIT is currently considered the most prom-
ising treatment for FA. However, many gaps are still unsolved. OIT is logistically demand-
ing, time-consuming, and most patients are affected by side effects though often mild.
Summary The aim of this review is to shed light on the main needs in OIT that are currently
unmet in order to stimulate in the near future the development of longitudinal, prospec-
tive, well-designed studies with the final goal of a “precision medicine”, tailored on each
single patient suffering from FA.
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Introduction

IgE-mediated food allergy (FA) is a potentially life-
threatening condition [1, 2]. Its incidence has increased
significantly over the past two decades, affecting current-
ly around 6–8% of children and 2–3% of adults in
westernized countries [1, 3]. It has been emerging as a
public health priority, also for the negative impact on
the quality of life (QoL) of patients and their family, as
anxiety, fear of accidental exposures, requiring changes
in dietary habits and social interactions [4, 5].

Most children with allergy to cow’s milk (CM), hen’s
egg (HE), soy, and wheat naturally overgrow their aller-
gies over time [6–11]. On the contrary, less than 20% of
peanut- or tree nut-allergic patients spontaneously de-
velop tolerance to these foods [12, 13]. The latter are
responsible for the majority of fatal or near-fatal food
allergic reactions [14, 15].

Nevertheless, the current standard approach to FA
consists of the strict avoidance of the triggering food
and keeping epinephrine, corticosteroids, and antihista-
mines readily available as rescuemedication in the event
an allergic reaction occurs [16••, 17]. However, an elim-
ination diet may be difficult and frustrating in patients

with persistent FA, above all for those foods (such as CM
and HE) that are pivotal in the common diet and, there-
fore, ubiquitous in store-bought foods, and in home
and restaurant recipes [18]. Nevertheless, despite efforts
to comply with this diet, accidental exposures leading to
adverse reactions are frequent [19].

Oral immunotherapy (OIT) is a potential curative
treatment in food allergies. Since the first case described
in 1908 [20], it has gained momentum above all over
the last decade. Recently, the European Academy of
Allergy and Clinical Immunology (EAACI) has devel-
oped a systematic review and meta-analysis [21••] in
order to assess the current evidence base in relation to
evaluating allergen immunotherapy (AIT) for the treat-
ment of FA and, therefore, provide cl inical
recommendations.

The aim of this review is to shed light on the main
needs in OIT that are currently unmet in order to stim-
ulate in the near future the development of longitudinal,
prospective, well-designed studies with the final goal of
a “precision medicine” tailored on each single patient
suffering from FA.

Oral immunotherapy

OIT is an active treatment for IgE-mediated food allergies. It implies the reiter-
ated administration of the culprit food. Most protocols consist of three succes-
sive phases: initial escalation, up-dosing, and maintenance. Usually, the initial
dose escalation starts with incremental administration of small amounts of
food allergen, below the threshold of reactivity, usually over 1–2 days. The
up-dosing begins with daily ingestion of the highest dose tolerated during
escalation phase, with doses increased usually weekly or biweekly until the
maintenance dose is reached. In the maintenance phase, patients consume the
food regularly (usually daily) for months or years. However, protocols are
widely heterogeneous among OIT studies. There are some rush protocols and
slow up-dosing regimens with or without an initial dose escalation day. There-
fore, their results are to some extent not comparable [21••].

OIT may increase the amount of food that the patient can intake without
reaction, and reduce the risk of potential life-threatening allergic reactions
[21••]. There is strong evidence for the effectiveness during treatment, also
referred as “desensitization” [21••], defined as the ability to safely assume the
food antigen, while consuming theOIT doses regularly. The ideal goal of FA-AIT
lies on the post-discontinuation effectiveness, also known as “tolerance” or
“sustained unresponsiveness”, referred to the absence of symptoms after inges-
tion of a normal serving of the culprit despite a period of absence of exposure.
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However, this is one of the major issues to be clarified [21••].
As its enormous potential, OIT is currently considered the most

promising treatment for FA. However, many gaps are still unsolved.
OIT is logistically demanding, time-consuming, and most patients are
affected by side effects though often mild. The main gaps are summa-
rized in Table 1 and assessed below through the manuscript.

Standardized products and vehicles
The availability of medicinal products is pivotal in order to provide
both a reliable diagnosis of clinical allergy (e.g., IgE assays, skin prick
testing, and oral food challenge) and an effective treatment (OIT). To
our best knowledge, currently, there are no authorized medicinal prod-
ucts in the field of food allergy. The landscape of products used in the
different trials is enormously heterogeneous ranging from natural-raw
form [22] to different processed foods [23]. It is known that not only
the presence of the allergens can vary inside a food (e.g., egg white and
yolk) but also the duration and type of processing (such as homogeni-
zation, dry and most thermal processing, fermentation, hydrolysis, irra-
diation) and the food matrix may impact on the allergenic potential
and, therefore, on the ability of foods to elicit allergic reactions [24]. For
instance, an extensive heating diminishes the allergenicity of egg white
proteins, and the majority (50–85%) of egg allergic patients are tolerant
to baked egg products [25]; the boiling could reduce and, on the
contrary, the roasting aggravate the allergenicity of peanut proteins
[26]. Furthermore, most studies have focused on peanut, milk, or egg.
Other foods should be investigated.

The availability of standard product results is urgent. To fill this gap, a
collaboration among clinical investigators, pharmaceutical companies, and
regulators is needed.

Table 1. Gaps in the evidence of FA-AIT

Gaps in the evidence of FA-AIT
❖ Standardized products and vehicles

❖ Validated and shared protocols

❖ Definition of clinically relevant outcomes of effectiveness

❖ Improvement of post-discontinuation treatment effectiveness

❖ Safety

❖ Adjunctive treatment(s)

❖ Impact on quality of life

❖ Cost-effectiveness

❖ Mechanisms of action

❖ Markers of response

❖ Identification of the most suitable candidates

❖ “Precision medicine” algorithms
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Validated and shared protocols
Many questions remain in optimizing OIT with respect to the optimal
dose of the culprit food allergen to be used for maintenance, the length
of the maintenance period, and the sustainability of the desensitization
process.

OIT studies are widely heterogeneous. First, the study design may be differ-
ent (open label versus double blinded, placebo-controlled; randomized con-
trolled trials versus controlled clinical trial; multi-site versus single-site; and so
on). Inclusion and exclusion criteria for enrollment differ as well. Some studies
excluded patients with severe allergies [27] and vice versa; others included only
patients with severe FA [28]. There is lack of evidence in adult population. Most
studies have been conducted in children, some of them in preschool age [29]
and other in mixed population (children plus adults) [21••]. As the natural
history of allergies differs among the foods [6–11], it should be useful to
perform subgroup analyses based on different ranges of age in childhood in
order to better understand the best timing/time window to start OIT for each
culprit food. However, most studies pool data from wide age range and sub-
group analyses are not feasible [21••].

Duration and dosing in each OIT phase differ among the studies: some
regimens have a “rush” phase [30], others a slower schedule with smaller
increasing doses and/or interval-length in between [31]. The target main-
tenance dose ranges widely also for the same food. For example, the study
from Anagnostou et al. considered as target maintenance dose a minimum
of 800 mg of peanut [32], Tang et al. 2 g [33], and Varshney et al. refer to
4 g of peanut [34]. This variability should be considered in the analyses.

Among the main needs still unanswered, to establish validated proto-
cols with optimal dosing and duration of therapy has a high priority.
Furthermore, this point relates to the requirements to define clinically
relevant outcomes of effectiveness. It is yet unclear which duration and
frequency of ingestion of the allergic food(s) are required to maintain
desensitization. We are lacking criteria with which to evaluate and diag-
nose permanent tolerance, too. To meet these needs, a careful analysis of
existing data, but above all, new well-designed observation and controlled
trials, and a consensus discussion involving patients, clinicians, pharma-
ceutical companies, and regulatory agencies are demanded.

Improvement of post-discontinuation treatment effectiveness
In comparison to desensitization (effectiveness during treatment), post-
discontinuation treatment effectiveness (also referred as “tolerance” and
“sustained unresponsiveness”) has been evaluated in far fewer trials.
Furthermore, there has also been heterogeneity in the approach to
evaluating it, as different studies have varied both the duration of
maintenance and the abstinence period (2 weeks to few months), some-
times within the same trial [22, 23, 27, 35–38]. Re-challenge after
varying periods of avoidance has shown rates of non-reactivity to a food
challenge ranging from 18–78% [22, 23, 27, 35–38]. Most subjects still
maintained a state of desensitization to a threshold level higher than
their screening challenge. To establish validated protocols with optimal
dosing and duration of therapy has high priority in order to assess the
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acquisition of the ability to safely consume a normal serving of foods
containing the trigger allergen despite a period of absence of exposure.

Improvement of safety
Besides efficacy, safety is underpinning in any treatment. Furthermore, in AIT,
safety is particularly important, as it is typically a pediatric condition, and
potential adverse events are mostly immediate onset, food-induced IgE-medi-
ated reactions, which can lead to anaphylaxis. Thus far, no fatality has been
reported in literature, but systemic reactions are consistently described as com-
mon. Patients in the OIT-active arm have a 9% higher risk of systemic reaction
than those in the placebo groups (RR 1.16, 95% CI 1.03–1.30) [21••]. How-
ever, the rate of adverse events (AEs) during OIT largely varies in published
studies, but mild AEs are predominant, and only a few dropped out for this
reason [21••]. Reporting, description, and grading of AEs are less than ideal,
and this makes it difficult to compare the real occurrence and severity of specific
type of AEs among studies [39•]. This drawback also affects the identification of
risk factors and their avoidance. Known risk factors include exercise, infection,
and menses which may increase the risk of reactions [40], especially during the
maintenance phase(s) of OIT, when patients continue treatment at home.
However, in OIT studies, most adverse reactions have been reported in the
absence of these risk factors [21••].

Patients with higher serum specific IgE levels (9 8.85 kU/L to ovomucoid in
HE-OIT and 9 50 kU/L to CM in CM-OIT), higher skin tests (9 9 mm tomilk in
CM-OIT), low threshold of reactivity and/or severe reactions in the entry food
challenge or upon accidental exposure, and underlying asthma seem to be at
high risk for repeated reactions and early FA-AIT failure [41]. However, further
larger observational and controlled trials and the establishment of a common
registry of systemic adverse events are needed for a precise identification of
biomarkers and predictors of severe AEs and, therefore, the necessity of safety
measures (such as longer and slower up-dosing phase, premedication with H1-
antihistamines, chromones, or even monoclonal anti-IgE antibody).

Adjunctive therapies to OIT
Novel therapeutic approaches are being developed to improve FA-AIT,
most of them in preclinical or early clinical trials. Among the adjunctive
therapies to OIT so far evaluated, the most promising seems to be
omalizumab. The latter is a humanized monoclonal IgG antibody, bind-
ing the freely circulating human IgE but not mast cell- or basophil-
bound IgE. Once circulating IgE is bound by anti-IgE, it is unable to
bind to its specific high-affinity receptor (FceRI) on mast cells and
basophils. These antigen-antibody complexes are then cleared from the
circulation. Pretreatment with anti-IgE could potentially prevent the
systemic reactions experienced with OIT while achieving the beneficial
effects of desensitization. Although anti-IgE therapy is expensive and
requires frequent administration to maintain low the concentration of
freely circulating IgE, it could theoretically be used quite effectively in
conjunction with OIT. There is already evidence that omalizumab may
markedly reduce adverse reactions due to OIT compared to placebo
[39•, 42, 43]. However, further studies are waited to better clarify
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optimal doses and schedule of this combined treatment. Additionally,
OIT is an allergen-specific therapy and, therefore, treating multiple aller-
gies results in complex, long, and expensive therapy. Theoretically, one
such combined approach could be the best therapeutic option in pa-
tients with allergies to multiple foods and/or having failed a previous
treatment with OIT alone [44].

As bacteria are potent stimulants of Th1 immune responses, modified
bacterial products are under investigation as adjuvants for FA-AIT [33, 45].

Impact on quality of life and cost-effectiveness
Food allergy is associated with a negative impact on the quality of life of
patients and their families, even more so than other chronic childhood
diseases [4, 5, 46]. The burden of FA on caregivers (buying special foods,
limiting social encounters, time lost from work, changing careers, and
emergency room visits) has been reported to play a predominant role in
the total annual economic burden of FA [4, 5, 47, 48]. On the other side,
OIT, though a promising therapy for food allergy [21••], can be linked to
anxiety. OIT is logistically demanding, time-consuming, and most patients
are affected by side effects, mostly mild but sometimes severe and/or
repeated to induce OIT drop-out [21••]. OIT could possibly lead to
significant and long-term improvements in caregiving [21••, 32, 48].
Evidence on this regard is limited. Validated measures of quality of life
should be included in future food allergy clinical trials and baseline
characteristics that could potentially help identify patients who would
benefit the most from OIT should be better identified [32, 48].

In terms of health economics, there is lack of evidence on cost-effectiveness
of OIT in FA and studies are needed [21••].

Mechanisms of action of OIT and markers of response
Mechanisms of action in allergen-specific immunotherapy have been ex-
plored for allergic diseases such as allergic rhinitis and insect venom
allergy and are likely to be similar in food allergy immunotherapy. Pro-
tection from reactions in the early stages of immunotherapy is due to
decreased activation of mast cells and basophils, which has been seen as
early as in the first 3–4 months of OIT [27, 49–51]. In addition, many
other cell types might contribute to early immunotherapy responses but
this needs further investigations. The induction of peripheral T cell toler-
ance is a pivotal step induced by immunotherapy, and in different models,
various changes in antigen specific T cell populations correlated with
tolerance, including increased T regulatory cells, decreased Th2 cells, and
increased anergic T cells [52–54]. The proportion of antigen-specific T cell
subsets and the change in the dominant subset may skew towards allergy
vs. tolerance [52]. OIT can induce changes in immunoglobulin subsets.
Patients undergoing peanut OIT for a median of 41 months had serum
increased levels of peanut-specific IgG4 with de novo specificities associ-
ated with reduced serum levels of peanut-specific IgE. [55] Although
increasing evidence supports a role for antigen-specific IgG4 in directly
inducing tolerance, IgG4 levels may also correlate with other mechanisms
promoting tolerance.
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There is still a long way to go to determine the extent to which the
mechanisms underlying “desensitization” vs. “long-term tolerance” are
similar or different and to develop tests that can reliably determine the
immune status of food-allergic subjects.

Precision medicine
There is growing interest towards the concept of “Precision Medicine” in differ-
ent medical fields, including allergy. As the National Research Council explains,
“Precision Medicine refers to the tailoring of medical treatment to the individ-
ual characteristics of each patient. It does not literallymean the creation of drugs
or medical devices that are unique to a patient, but rather the ability to classify
individuals into subpopulations that differ in their susceptibility to a particular
disease, in the biology or prognosis of those diseases they may develop, or in
their response to a specific treatment. Preventive or therapeutic interventions
can then be concentrated on those who will benefit, sparing expense and side
effects for those who will not. Although the term ‘personalizedmedicine’ is also
used to convey thismeaning, that term is sometimesmisinterpreted as implying
that unique treatments can be designed for each individual.”

To identify the most suitable candidates to OIT and algorithms for treat-
ments tailored on individual patients are still needed. Analysis of existing data
and biological samples, new controlled trials, and consensus discussion are
requested.

Conclusions

OIT represents an emerging reality as an active treatment for IgE-mediated food
allergies. However, currently,many issues remain unanswered. Clinical trials for
OIT so far conducted are extremely heterogeneous. Differences encompass
dosage, amount and frequency, duration of build-up and maintenance phases,
type of allergen used, patient characteristics, reporting in adverse events, and
adjuvant therapies.

Consequently, studies have also shown variation in results. Much larger,
longitudinal and well-designed studies using more homogenous protocols are
needed in order to standardize products and to validate protocols (optimal
doses and schedule); to assess the sustainability of the desensitization process;
to improve the post-discontinuation effectiveness, the safety, and the impact on
quality of life; and to identify the role of adjunctive therapies (such as
omalizumab and probiotics).

Although there is still a long way towards a precision medicine, tailored on
each patient, OIT is poised for clinically important advances.
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