Food allergy: History, definitions and treatment approaches
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ABSTRACT

Allergen-specific immunotherapy for the treatment of immunoglobulin E mediated food allergies, specifically oral, epicutaneous,
and sublingual immunotherapies, are promising options that may provide an alternative to strict avoidance of the dietary allergen.
Of these potential therapies, oral immunotherapy is the furthest along in development, with strong evidence of efficacy in clinical
trials, and has achieved regulatory approval. Nevertheless, oral immunotherapy may not be a suitable therapy for some patients
due to the risk of adverse effects. In contrast to oral immunotherapy, epicutaneous and sublingual immunotherapies have demon-
strated modest efficacy in clinical trials, with a favorable adverse effect profile, which suggests that these therapies may be possible
contenders to oral immunotherapy in certain clinical situations. Familiarity with the various treatment approaches is vital for guid-
ing patients and families as more therapeutic modalities become available for use outside of the research setting.

(J Food Allergy 4:22-27, 2022; doi: 10.2500/jfa.2022.4.220007)

or generations, the mainstay for food allergy treat-

ment has been strict avoidance of the dietary allergen;
however, this approach is not without inadequacies, as
evident by the constant vigilance required on the part of
patients and families to avoid accidental exposures, and
the fear of reacting to allergen-contaminated foods. The
considerable distress caused by the burden of food allergy
and the negative impact on quality of life highlights the
urgent need for alternative strategies. Subcutaneous
immunotherapy, also referred to as “allergy shots,” is a
well-studied modality for the management of allergic rhi-
nitis and venom hypersensitivity.

In a similar fashion, subcutaneous immunotherapy
was attempted for peanut allergy in the early 1990s;
however, this endeavor was halted due to safety con-
cerns." Other food immunotherapy approaches, such as
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oral immunotherapy (OIT), sublingual immunotherapy
(SLIT), and epicutaneous immunotherapy (EPIT), have
been shown to be promising tools for food allergy treat-
ment, with the primary intent of modifying the immune
response to a food allergen to achieve desensitization
and, ideally, tolerance to an allergenic food. Of these
treatments, OIT is the most vetted, with considerable evi-
dence in clinical trials and is the only modality with a
regulatory approved product for peanut allergy. Here,
we reviewed the most common food allergy immuno-
therapy approaches (OIT, SLIT, and EPIT) and discuss
the strengths, limitations, and stage in development for
each therapeutic modality.

OIT HISTORY

In 1908, the first successful case of OIT for food allergy
was published in The Lancet by Schofield,” who desensi-
tized a 13-year-old boy with egg allergy. Beginning in
the 1980s, Patriarca et al.’ in Europe, published some of
the earliest OIT protocols for the treatment of cow’s
milk, egg, and fish allergies. Although these early studies
showed promising results, literature on OIT remained
sparse until the beginning of the 21st century. In the
early 2000s, additional studies by Patriarca et al* and
Meglio et al.” described protocols that started with a sin-
gle dose of the allergen on the first day, followed by
dose increases at varying intervals (e.g., daily, weekly, or
every 2 weeks) until reaching maintenance. However,
some participants were unable to achieve maintenance
when using this protocol.*”

In 2007, Buchanan ef al.° published the first proof-of-con-
cept study, which established the safety of OIT in a small
cohort of patients with nonanaphylactic egg allergy. It was
postulated that the inability of some participants to achieve
maintenance in previous studies was due to inadequate
initial desensitization. Therefore, this study incorporated
an initial “modified rush phase” on the first day of the
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Figure 1. Typical approach of oral immunotherapy (OIT) protocols. Most OIT protocols consist of three different phases: initial dose escala-

tion (IDE), buildup, and maintenance phase.

protocol.’ All the participants in this study successfully
proceeded through the buildup phase, which consisted of
dose increases every 2 weeks.® The three-phase protocol
used in this study served as a framework for standardiz-
ing contemporary OIT protocols.® The first open-label clin-
ical OIT trial for peanut allergy was published in 2009 and
followed a similar three-phase protocol, with dosing inter-
vals every 2 weeks during the buildup phase.” These initial
studies provided the foundation for subsequent multicen-
ter, randomized, placebo controlled clinical trials for OIT.
In November 2018, the largest phase III clinical trial for
peanut OIT, conducted across 10 countries was published
by the Peanut Allergy Oral Immunotherapy Study of
AR101 for Desensitization (PALISADE) group of clinical
investigators.® This landmark study paved the way for
US. Food and Drug Administration (FDA) approval of
Palforzia (Aimmune Therapeutics, Brisbane, CA) in
January 2020 for children and adolescents with peanut
allergy ages 4 to 17 years of age.

OIT PROTOCOL AND DEFINITIONS

The concept of OIT involves ingesting the allergenic
food in gradually increasing amounts, with the goal of
raising the threshold dose that will provoke a reaction.
The types of foods used in OIT vary, depending on the
protocol, and may range from natural forms of the
food that are readily available in a grocery store to
manufactured products (e.g., egg white powder).” The

protein content of these foods is determined by the
U.S. Department of Agriculture package level. OIT has
been performed by using nonproprietary food prod-
ucts in community practices for more than a decade.’
Recently, the advent of Palforzia provides a regulatory
approved option for performing peanut OIT in clinical
practice; however, an FDA-approved product does not
currently exist for any other food.

The majority of OIT protocols follows a similar pattern,
which consists of three distinct phases: initial dose esca-
lation (IDE), a gradual buildup, and a maintenance
phase (Fig. 1). The IDE phase typically starts with very
small doses of food protein in the range of micrograms
(e.g., 10-500 ug) that are quickly increased to a maximum
of 10-25 mg of food protein.'” The IDE phase takes place
over 5-10 doses on day 1 of the protocol, with the goal of
identifying the highest subthreshold dose that is tolera-
ble for home administration. A few protocols used in
clinical practice have lower starting doses (e.g., 2.5 ug of
peanut protein), followed by escalating doses until a tar-
get dose of 2.05 mg of peanut protein is achieved on the
initial day.'" Alternatively, some OIT protocols use a
subthreshold fixed dose on day 1 instead of an IDE
phase for ease of administration.'

During the buildup phase, doses are increased in incre-
ments of 25% to 100% at weekly or every two week inter-
vals under medical supervision. Home doses are
continued daily in between dose escalation visits. This
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Table 1 Food immunotherapy terms and definitions

Term

Definition

Eliciting dose

Successfully consumed dose
Cumulative reactive dose

Cumulative tolerated dose

The single dose (in milligrams of food protein) that leads
to objective signs or symptoms of an immediate
hypersensitivity reaction and results in termination of
food challenge

The single highest dose (in milligrams of food protein)
that is tolerated without dose-limiting symptoms

The sum of all the doses consumed (in milligrams of
food protein), including the eliciting dose

The sum of all the doses (in milligrams of food protein)
consumed up to the successfully consumed dose

process is continued for several weeks to months until
the maintenance dose is reached. Maintenance dosing
may vary considerably, depending on the food protein
and the published study, with the length of treatment
ranging from months to years.'” For peanut, maintenance
dosing may range from 300 to 5000 mg of peanut protein
per day. Maintenance dosing for milk ranges from 4500
to 7200 mg of milk protein, whereas target maintenance
dosing for egg is ~5000 mg of egg protein."

The overall aim of OIT is to induce desensitization
and, possibly, tolerance to an allergenic food. Desensiti-
zation refers to the temporary increase in the threshold
of the food protein required to trigger an allergic reaction
while on active therapy."* OIT has been shown to be
effective at inducing desensitization, particularly in chil-
dren, which may mitigate risks of accidental exposures,
and, in turn, this perceived benefit may improve percep-
tions on quality of life."” Although the ultimate goal of
OIT is to develop tolerance, defined as permanent reso-
lution of clinical reactivity to any amount of the allergen,
this has been challenging to measure in clinical trials."*
Alternatively, some OIT studies assessed “sustained unre-
sponsiveness” as an indicator of clinical efficacy.'®™"®
Sustained unresponsiveness refers to the ability to tolerate
the dietary allergen with no evidence of clinical reactivity
after a short period (e.g., weeks to months) of therapy
discontinuation.'

Per (PRACTALL (Practical Allergy) guidelines,19 a joint
initiative of the American Academy of Allergy, Asthma
and Immunology, and the European Academy of Allergy
and Clinical Immunology to standardize food challenges,
most OIT clinical trials perform double-blind, placebo-con-
trolled food challenges (DBPCFC) at enrollment to con-
firm reactivity and at study conclusion to assess for
therapeutic outcomes. Specific terminology has been des-
ignated to describe certain clinical end points during
DBPCFCs and is summarized in Table 1.*° Understanding
the nuances in terminology is imperative for interpreting
the results of challenges and for determining which end
points are most clinically relevant for patients.

OIT EFFICACY AND SAFETY

OIT has been studied in clinical trials for a variety of
foods, including milk, egg, peanut, wheat, sesame, baked
milk, and baked egg."* The most robust clinical evidence
of desensitization has been reported in children for pea-
nut, milk, and egg OIT, whereas a subset of studies dem-
onstrated sustained unresponsiveness with egg and
peanut OIT."*?° The effects of OIT on immune modula-
tion include decreased mast cell and basophil activation,
decreased food-specific IgE and increased IgG4 antibod-
ies."* Despite a repertoire of data in favor of OIT efficacy,
adverse reactions associated with OIT may be a limiting
factor for a subset of patients. Most of the reactions are
limited to the oropharynx (e.g., oral itching) and are
more frequent during the IDE and buildup phases; how-
ever, anaphylaxis has been reported during maintenance
dosing.'® Some of the risk factors that raise the probabil-
ity of a systemic reaction include exercise, infection, and
menses.'’ These risk factors are usually addressed by
counseling patients with regard to timing of physical ac-
tivity and dose adjustments during acute illness. In 2014,
a meta-analysis suggested that eosinophilic esophagitis
may develop in up to 2.7% of patients on milk, peanut,
or egg OIT;”' however, whether OIT directly causes eo-
sinophilic esophagitis remains to be elucidated.”® Given
these limitations, OIT may not be the optimal treatment
for some patients and underscores the importance of
exploring alternative approaches.

EPIT

EPIT is another novel strategy for treating food aller-
gies that involves applying an adhesive patch that con-
tains small doses of food protein, ~250 ug, onto the
patient’s intact skin. Clinical EPIT trials in the United
States have used the Viaskin Peanut patch created by
DBV Technologies (Montrouge, France), which relies
on moisture from the skin to collect under the patch
and solubilize the antigen. The solubilized antigen is
then directly presented to dendritic cells in the
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Table 2 Comparison of food allergen immunotherapy treatment approaches

Epicutaneous Sublingual
Oral Immunotherapy Immunotherapy Immunotherapy
Route of therapy Ingested On the skin Under the tongue

Allergens studied in
clinical trials

€88

Maintenance dose 300-4000 mg

Localized adverse effects

Systemic adverse effects

Peanut, milk, egg, wheat, ses-
ame, baked milk, and baked

Most commonly oropharyngeal
or gastrointestinal symptoms

Less common overall; risk fac-
tors include physical activ-

Peanut, milk,
hazelnut, peach,

Peanut and milk

and kiwi
250 ug 1-10 mg
Most commonly skin Most commonly
symptoms oropharyngeal
symptoms

Rarely occur Rarely occur

ity, acute illness, and menses

Desensitization
Regulatory approval

Strong efficacy

Approved for peanut allergy

Moderate efficacy

Application rejected due
to patch adhesion
concerns

Moderate efficacy
Not submitted

epidermis, initiating a cascade of immune responses.*’
A proposed advantage of this method is the favorable
safety profile because the epidermis is not vascular-
ized, which minimizes the risk for systemic absorption
of the allergen. In contrast to OIT, maintenance dosing
is easily achieved once the patch is worn for 24 hours
and does not require specific precautions in the case of
acute illness (Table 2).

Although EPIT is under investigation for milk and
peanut allergy, the most advanced clinical trials have
focused on peanut allergy.”** In Peanut EPIT Efficacy
and Safety (PEPITES), a phase III, multicenter, double-
blind, placebo controlled trial, >350 children ages 4 to
11 years with peanut allergy were randomized to
receive a 250-ug patch or placebo for 12 months.
Response to treatment, depending on the baseline reac-
tive dose, was defined as either a reactive dose of =300
mg or =10,000 mg of peanut protein at exit challenge.
The difference in clinical response between the treat-
ment and placebo groups was statistically significant;
however, due to the high response rate in the placebo
group (35.3% in the treatment group versus 13.6% in
the placebo group), the study did not meet the prede-
termined lower bound of the confidence interval
required for the study’s primary end point.** Patch-site
reactions of mild-to-moderate severity that decreased
over time were the most frequently reported adverse
events.

In the PEPITES Open-Label Extension (PEOPLE)
study, an open-label extension of PEPITES, 51.8% of
the participants achieved an eliciting dose of >1000 mg
at month 36 compared with 40.4% at 12 months with a
similar favorable safety profile. There is considerable
evidence to suggest that EPIT is safe with modest

efficacy, especially when used long-term, and may be a
suitable alternative for patients who are not ideal candi-
dates for OIT.* Food allergy quality of life was prospec-
tively measured by using validated questionnaires, the
Food Allergy Quality of Life Questionnaire (FAQLQ)
parent form (PF) and FAQLQ-child form (CF) during the
PEPITES trial and PEOPLE trial.>* There was a signifi-
cant FAQLQ-PF improvement in the participants ini-
tially randomized to treatment who met the efficacy
primary end point and in the participants with any elicit-
ing dose increase at 24 months.** Despite these promis-
ing results on safety, efficacy, and positive impact on
quality of life, the Viaskin Peanut patch is not yet
approved by the FDA.

SLIT

Compared with OIT and EPIT, SLIT is in earlier
stages of investigation. This technique involves hold-
ing the allergen in liquid form under the tongue for a
few minutes before swallowing. Immune tolerance is
achieved when the allergen is engulfed by dendritic
cells in the oral mucosa and presented to T lympho-
cytes in proximal lymph nodes and, more recently, it is
thought that IgA may also play a role by exhibiting an
anti-inflammatory effect and influencing the immune
response.”® SLIT is similar to OIT in regard to
buildup and maintenance phases; however, SLIT pro-
tocols do not have an IDE phase and the maintenance
doses for SLIT are t1ypically lower, in the range of 1-10
mg of food protein.

Although clinical SLIT trials have been conducted
for hazelnut, milk, peach, and kiwi allergies, most
studies have focused on peanut allergy.'**”~° The first
clinical trial for peanut SLIT was published in 2011
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and involved 18 children, 1-11 years of age, at a single
site, who were randomized to receive 12 months of
SLIT with either peanut protein or placebo.” The treat-
ment group safely tolerated 20 times more peanut pro-
tein than the placebo group did during the DBPCFC at
study conclusion, with most of the dosing adverse
effects limited to the oropharynx.® However, a limita-
tion of this study was the small sample size and lack of
baseline entry challenges. A multicenter study in a
peanut SLIT cohort, which consisted of 40 participants,
ages 12 to 40 years, showed modest clinical desensiti-
zation after 44 weeks of therapy.”'

A long-term follow-up study of the same cohort also
demonstrated modest desensitization after 3 years of SLIT
therapy; however, a large proportion of the participants
withdrew from the study.* In 2019, 48 children with pea-
nut allergy, ages 1 to 11 years, underwent extended treat-
ment with peanut SLIT.* Approximately 87% of the
participants who completed 3 to 5 years of peanut SLIT
successfully tolerated = 750 mg of peanut protein during
the exit DBPCFC. Overall, SLIT was well tolerated in this
long-term study, with adverse effects reported in 4.78% of
all doses, and transient oropharyngeal itching was the
most common symptom. Most symptoms self-resolved,
and none required epinephrine. Two participants with-
drew from the study due to gastrointestinal symptoms,
with complete resolution of symptoms after stopping
therapy.® SLIT studies in children have shown promising
results in regard to efficacy and safety;***® however, addi-
tional clinical studies in larger cohorts are needed to hone
in on long-term efficacy and determine the appropriate
patient selection for this therapy.

CONCLUSION

Substantial progress in the field of food allergy research
in the past 2 decades has led to a new era in food allergy
management, with multiple novel approaches on the ho-
rizon. Of these emerging therapies, OIT is the most
advanced in development, with robust data on efficacy;
however, clinical use of OIT may be limited by the risk of
adverse reactions. Conversely, EPIT has shown more
moderate clinical effects with a favorable safety profile,
but it has not reached the stage of achieving FDA ap-
proval. Clinical studies that involve SLIT have demon-
strated modest efficacy with minimum adverse effects;
however, additional studies are needed to clarify the ideal
patient population and long-term outcomes. None of
these therapeutic modalities studied to date provide a
cure for food allergy; however, these therapies may pro-
vide a protective buffer from accidental ingestions in
patients who adhere to consistent, long-term therapy.

Next-generation therapies for the treatment of food
allergies include the use of biologics as monotherapy
or as an adjunct to OIT, DNA vaccines, and peptide
immunotherapy. Although the details of these novel

therapeutics are beyond the scope of this review, these
innovative approaches suggest a paradigm shift in
food allergy management away from strict avoidance
as the only intervention to active treatment. It is crucial
for providers to be informed of these new develop-
ments and take a patient-centered approach when
evaluating potential treatment options.

CLINICAL PEARLS

® Of the emerging therapeutic modalities for the
treatment of food allergies, OIT is the most well-
studied therapy, with robust evidence on clinical
efficacy demonstrated in children for peanut,
milk, and egg OIT.

® Both SLIT and OIT protocols have buildup and
maintenance phases; however, only OIT has an IDE
phase and the maintenance doses for OIT are much
higher compared with SLIT.

® Clinical EPIT trials have focused on peanut allergy
and have demonstrated moderate efficacy with a
favorable adverse effect profile; however, it has not
yet reached the stage of regulatory approval.
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