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ABSTRACT

Food allergies are common and affect 6–8% of children in the United States; they pose a significant burden on the quality of life
of children with allergy and their caregivers due to multiple daily restrictions. Despite the recommended dietary avoidance, reac-
tions tend to occur due to unintentional exposure to the allergenic food trigger. Fear of accidental ingestions with potentially
severe reactions, including anaphylaxis and death, creates anxiety in individuals with food allergy. Oral immunotherapy has
emerged as a form of active and potentially disease-modifying treatment for common food allergies encountered in childhood.
The efficacy of oral immunotherapy is high, with the majority of participants achieving desensitization and, as a result, protec-
tion from trace exposures and improved quality of life. The main risk of oral immunotherapy consists of allergic reactions to
treatment. In general, rates of allergic reactions and anaphylaxis are reported to be higher in individuals pursuing therapy
options, but most subjects who undergo oral immunotherapy will likely experience mild or moderate reactions during treatment.
Adverse events tend to reduce in both frequency and number in the maintenance period. The use of immune modulators along-
side oral immunotherapy has been suggested, with the aim to improve efficacy and safety, and to facilitate the overall process. It
is evident that the landscape of food allergy management is changing and that the future looks brighter, with different options
emerging over time. The process of how to choose the appropriate option becomes a discussion between the clinician and the
patient, which involves a joint review of the current medical evidence but also the patient’s preference for balancing particular
attributes of the treatment. By working together, providers and patients will ensure achievement of the best possible outcome for
children with food allergies.

(Allergy Asthma Proc 42:118–123, 2021; doi: 10.2500/aap.2021.42.200107)

F ood allergies are common, affect 6–8% of children
in the United States,1,2 and they have a significant

effect on the quality of life (QoL) of children with
allergy and their caregivers.3 Anxiety stems mostly
from fear of accidental ingestion with potentially
severe reactions, including anaphylaxis and death.
Children with food allergy face various dietary, social
restrictions, and psychological issues at school (e.g., bul-
lying).4–7 Certain food allergies, such as cow’s milk, soya,
egg, and wheat, are usually outgrown after a few years
of dietary exclusion. Fish, shellfish, sesame, peanut, and
tree nut allergies tend to be lifelong and rarely resolve.8

There currently is no cure for food allergy. The tradi-
tional approach is based on patient education, strict
avoidance of the offending food (elimination diet), and
prompt treatment of adverse reactions when they occur.
Unfortunately, accidental exposures occur, despite avoid-

ance; a recent review reported an average of 10% per year
for peanut.9 Children and families are provided with
patient-specific emergency medication (antihistamines
and epinephrine autoinjectors) and a management plan
on how to treat allergic reactions.
Over the past decade, oral immunotherapy (OIT) has

emerged as a form of active and potentially disease-
modifying treatment for common food allergies enco-
untered in childhood. OIT involves the administration
of small, gradually increasing doses of the food to
which patients are allergic, with the aim to enable
them to eat varying amounts of the allergenic food
without reactions. Most research studies include an
initial updosing phase (with or without a “rush” esca-
lation), which usually lasts a few weeks or months,
and a long-term maintenance phase once the desired
maintenance dose is reached. This latter phase lasts for
years, and, currently, ongoing regular ingestion is
advised as maintenance therapy.
“Desensitization” refers to a rise in the allergenic

threshold of reactivity and implies regular dose inges-
tion (usually a daily dose) to maintain the desensitized
state. “Sustained unresponsiveness” refers to the abil-
ity of subjects who have successfully completed an
OIT protocol to discontinue treatment for a few weeks
or months and then return to daily allergen consump-
tion at their previous dose, without any allergic reac-
tions. “Long-term tolerance” is defined as the ability to
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eat the previously allergenic food ad libitum at any
amount or frequency without any problems or the
need for daily dosing.10,11

BENEFITS OF OIT
OIT efficacy is high, with the majority of participants

achieving desensitization. Skripak et al.12 reported on a
double-blind, placebo controlled study of OIT for cow’s
milk allergy in children. After OIT, the median cumula-
tive dose that induced a reaction in the active treatment
group was 5140 mg compared with only 40 mg before
OIT, and there was no change in the median threshold
in the placebo group.12 Although reactions were com-
mon during the study, nearly 90% were transient and
did not require treatment.12 For egg, a double-blind,
placebo controlled, randomized OIT trial13 of 55 chil-
dren with egg allergy resulted in a 55% rate of desensi-
tization in the active group after 10 months of therapy.
In the placebo group, the desensitization rate was 0%.13

After another year of OIT, the desensitization rate rose
to 75%, which suggests that a longer treatment duration
results in more successful desensitization.13 A 4-year
follow-up of these subjects reiterated this conclusion by
reporting that sustained unres-ponsiveness after egg
OIT was enhanced with a longer duration of therapy
and increased the likelihood of tolerating unbaked egg
in the diet.14

With regard to peanut OIT (POIT), U.S. investigators
reported that, in a randomized controlled study15 of 28
participants with peanut allergy, 84% of the active sub-
jects passed a final challenge of 20 peanuts (;5000 mg
of peanut protein) compared with only one peanut
(;280 mg of peanut protein; peanut content is variable,
depending on the size of the peanut) tolerated by the
placebo subjects in the final challenge, after completing
a year of OIT. The study regimen was well tolerated,
with clinically relevant symptoms seen after only 1.2%
of build-up doses and no subject with POIT required
adrenaline administration.15 The largest phase II,
randomized controlled, crossover trial16 of POIT that
originated from the United Kingdom investigated the
role of POIT in desensitizing 99 children, ages 7–16
years, inclusive of all severities of peanut allergy. After
completion of the intervention, in the active group,
84% were desensitized to 5 peanuts (;800 mg of pea-
nut protein), whereas 62% of the participants on OIT
successfully passed a 10-peanut challenge.16 The sub-
jects who successfully completed the study protocol
had a significant, 25-fold increase of their peanut
threshold; the treatment, therefore, allowed them to
eat large quantities of peanuts, well above the levels
present in contaminated snacks and meals.16

The Peanut Allergy Oral Immunotherapy Study of
AR101 for Desensitization in Children and Adults
(PALISADE) trial17, the largest international POIT trial

to date, which included a total number of 551 partici-
pants (496 were children), confirmed the high efficacy
of OIT; 67.2% of the active participants compared with
only 4% of the placebo participants were able to ingest
a single 600-mg dose of peanut (cumulative dose of
>1000 mg of peanut protein content) at the exit food
challenge without dose-limiting symptoms.17 All the
above studies12–17 provide strong evidence that OIT for
food allergy is a form of active therapy that has high ef-
ficacy in different geographic populations of children
allergic to common foods (e.g., milk, egg, and peanut).
The time from the beginning of treatment to achieving
maintenance is usually a few months, and treatment
has high success rates.
Most research trials examined efficacy in children

between the ages of 4 and 17 years old. However, OIT
seems to be highly efficacious in the preschool age
group as well. A study by Vickery et al.18,19 showed
that 78% of 40 preschool children achieved sustained
unresponsiveness after an average of 29 months of
OIT; 71% tolerated 3000 mg of peanut protein. Most
importantly, longer-term follow-up at 5 years after
treatment showed the majority of these children con-
tinuing dietary peanut consumption, with 55% ingest-
ing >1000 mg of peanut protein without any allergic
reactions. Early age may provide a window of oppor-
tunity for treatment because young children poten-
tially display clinical and immunologic characteristics
that are more responsive to treatment interventions.
Further studies are already underway to investigate
this, but currently available data18 support the fact
that POIT works well for younger children (1–3 years
old) as well.
Protection from accidental trace exposures is a signif-

icant benefit of OIT. A rise in the threshold from <100
mg of peanut protein to 300 mg after immunotherapy
has been shown to reduce the risk of experiencing an
allergic reaction by > 95% for various food products
with potential peanut contamination.21 A further incre-
ase to 1000 mg of peanut protein has an additional quan-
titative benefit in risk reduction.21 Studies16,22,23 showed
that protection from inadvertent exposures driven by
increases in the eliciting dose results in improved QoL. A
randomized controlled trial of POIT in 99 children from
the United Kingdom showed significant QoL improve-
ment after successful desensitization.16 Blumchen et al.22

also reported significant improvement in QoL in 62 chil-
dren undergoing low-dose POIT in a multicenter, double-
blind, randomized, placebo controlled trial. Epstein-Rigbi
et al.23 showed that the QoL of 191 children with food
allergy improved significantly on reaching OIT mainte-
nance, with additional improvement 6 months later. The
caregivers’ QoL also improved in a trial of multiallergen
food immunotherapy.24,25 QoL is an important patient-
reported outcome, and OIT seems to have a positive effect
on the daily life of patients.
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RISKS OF OIT

The main risk of OIT is allergic reactions to treat-
ment. In general, rates of adverse reactions and ana-
phylaxis are reported to be higher in individuals
pursuing therapy options.26 However, in OIT, most of
the subjects will likely experience mild or moderate
reactions during treatment (most of these will occur in
the updosing or early maintenance phases),17 with the
frequency and number of reactions generally decreas-
ing during the longer-term maintenance phase. Adverse
events are suggested to be significantly associated with
allergic rhinitis and skin-prick test wheal size.27 For milk
OIT, a Cochrane systematic review28 reported adverse
reactions in 97 of 106 patients on milk OIT, although
most reactions were local and mild. For every 11 patients
who received milk OIT, one required intramuscular epi-
nephrine; one patient required it on two occasions.28 For
egg OIT, a systematic review, which included children
between ages 4 and 15 years reported mild-to-severe
adverse effects during OIT treatment in 69% of the par-
ticipants; 5% required epinephrine.29 The Study of
Tolerance to Oral Peanut II (STOP II) trial16 reported
mild adverse effects in the majority of the participants,
with gastrointestinal symptoms being the most common.
Intramuscular epinephrine was required for one partici-
pant only (0.01% of doses); no participant required more
than one administration of epinephrine, and there were
no therapy-related hospitalizations.16

In the PALISADE POIT trial,17 adverse events
occurred in > 95% of participants 4–17 years of age,
with mild events noted in 34.7%, moderate in 59.7%,
and severe in 4.3%. Anaphylaxis was reported in
14.2% of the active participants and in 3.2% of the pla-
cebo participants in the PALISADE trial.17 Of the reac-
tions that required epinephrine in the active arm,
92.7% were treated with one dose, 6.1% with two
doses, and 1.2% with three doses of epinephrine.17 In
the placebo arm, all the reactions were successfully
treated with a single epinephrine dose.17 Overall, 43
participants (11.6%) in the active group and 3 (2.4%) in
the placebo group withdrew from the trial because of
adverse events during the intervention period.17 The
impact of allergic reactions that require epinephrine
use when these occur in a controlled setting (such as
in-office or home dosing) as opposed to reactions “in
the field,” in which epinephrine is often underused,
should also be considered by physicians and families
when evaluating the risk-benefit of OIT. In general,
families regard reactions in a controlled setting, at
home or in the office, as significantly less traumatic
than accidental reactions in the field.
An additional risk of OIT involves external factors,

such as viral illnesses, exercise, tiredness, and menstru-
ation, which have the potential to lower the threshold
of reactivity in patients undergoing OIT.30 The recently

published Threshold Reactivity and Clinical Evalua-
tion Study (TRACE) study31 provided evidence that
exercise and sleep deprivation, each significantly
reduces the threshold of reactivity in patients with
peanut allergy, which puts them at greater risk of a
reaction. The investigators performed baseline (noninte-
rvention) challenges in adult participants with peanut
allergy in addition to interventional challenges (after
exercise and sleep deprivation).31 Educating families on
this fact will improve risk management during OIT and
ensure better safety while undergoing therapy.
The development of eosinophilic esophagitis (EoE)

as a result of OIT is another current concern. A pub-
lished meta-analysis reports that ;3% of patients with
immunoglobulin E–mediated food allergies who under-
went OIT developed this complication, with EoE often
resolving after discontinuation of treatment.32 However,
individual studies reported variable rates, and the avail-
able data are limited. Goldberg et al.33 recently described
OIT-induced gastrointestinal symptoms associated with
peripheral eosinophilic responses in 65 patients. Accord-
ing to their report, these symptoms abated after dosage
modifications or temporary discontinuation of treatment,
half of the patients were able to achieve full desensitiza-
tion; more than two-thirds were able to achieve partial
desensitization.33 A starting dose of >120 mg, a second-
month dose more than fourfold over the starting dose
and a baseline absolute eosinophil count of >600/mL
were all identified as risk factors of developing transient
gastrointestinal symptoms associated with peripheral eo-
sinophilia (the participants were receiving OIT for milk,
peanut, egg, or sesame).33

It is evident from the multiple research stud-
ies16,17,28–33 described above that OIT has some associ-
ated risks that should be considered during the shared
decision-making process. These risks mostly involve
mild or moderate allergic reactions, but the risk of ana-
phylaxis must also be taken into account, even if this
happens infrequently. Exercise limitations, comorbid-
ities, and external factors should also be discussed
with patients and families because these may have a
varying effect on individuals. Finally, it should be
noted that, although OIT is a highly successful form of
therapy and provides significant protection from trace
exposures, it is not a cure and rates of sustained unre-
sponsiveness vary in different studies.

OIT FOR THE CHILD WITH MULTIFOOD
ALLERGY
For children with multiple food allergies, the simul-

taneous oral administration of a combination of food
allergens compared with the administration of a single
allergen has been studied. Multifood OIT in small
phase I trials,34,35 is shown to be comparable in safety
to single-food immunotherapy. In a trial that included
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40 participants (15 monoallergic to peanut, 25 with
additional food allergies), similar rates of adverse reac-
tions were observed in both groups (3.3% in the multi-
food group versus 3.7% in the single OIT group), most
of which were mild. The dosing protocol was designed
to reach a daily maintenance dose of 4000 mg of pro-
tein of each allergen (up to a 20,000-mg cumulative
dose for those on five allergens), which was achieved
by the majority of study participants, which confirmed
high efficacy.34,35 This approach has the potential to
minimize the number of in-office or in-hospital patient
visits and the overall cost of treatment because OIT to
more than one food allergen can be time consuming
and expensive if the allergens are to be administered
sequentially, one at a time.
Most importantly, multifood OIT has the benefit of

providing personalized patient treatment, in which a
combination of different food allergens, depending on
the patient’s unique food-allergic profile, may be used
to match the intervention to individual requirements
and preferences. In the real-world environment, a clini-
cal multiple-food OIT pediatric program reported on a
small cohort of 45 patients who received OIT for up to
12 foods (with most receiving OIT for four or fewer
foods).36 The investigators showed reactions in 49% of
the patients during updosing or in the first 3 months of
maintenance, but most were gastrointestinal local reac-
tions.36 Systemic reactions were rare, and the fre-
quency of emergency department visits during OIT
was not significantly different from emergency depart-
ment visits due to unintentional food allergen inges-
tion in a cohort of patients who were awaiting OIT
start.36 It is encouraging that multiple-food OIT admin-
istration does not seem to carry more risk in terms of
allergic reactions compared with single-food OIT. This
form of treatment will likely benefit individuals with
multifood allergy.

OIT AND IMMUNOMODULATORS
The use of immune modulators alongside OIT has

been suggested in the research setting, with the aim to
improve efficacy and safety, and to facilitate the over-
all OIT process. For a combination treatment of OIT
with multiple food allergens and omalizumab, after
pretreatment with omalizumab, the participants toler-
ated the initial rapid escalation day with minimum or
no rescue therapy, and the majority of reactions experi-
enced by the subjects were mild.33 A recent trial has
also confirmed that omalizumab enables safe and
rapid desensitization in multiple food OIT. The study37

showed a significantly lower per-participant percent-
age of OIT doses associated with any adverse events
(27% versus 68%; p = 0.0082) in the omalizumab group
versus the placebo group. The most common adverse
events reported were gastrointestinal.37 Limited data

exist on allergic reaction occurrence after omalizumab
discontinuation, and there is no consensus on optimal
total duration of treatment with anti–immunoglobin E.
The additional cost of immune modulators should be
considered when evaluating this approach. Currently,
there is no recommendation for combining OIT with
immune modulators, and this area requires further
study.
In children with peanut allergy, a study evaluated

the effects of probiotics as an adjuvant to POIT. This
double-blind placebo controlled, randomized trial38

enrolled 31 children with confirmed peanut allergy
who were allocated to the probiotic and POIT group,
and received 2� 1010 colony forming units of
Lactobacillus rhamnosus CGMCC1.3724, along with
POIT once daily up to a maintenance dose of 2 g of
peanut protein. In addition, 31 children received both
a probiotic placebo and an OIT placebo once daily. The
investigators reported that 82.1% in the probiotic and
POIT group achieved sustained unresponsiveness (af-
ter � 2 weeks of therapy discontinuation) compared
with only 3.6% in the placebo group (p<0.001).38 A fol-
low-up study 4 years after treatment cessation
reported that 58% of the participants from the probi-
otic and POIT groups attained 8 weeks of sustained
unresponsiveness, compared with 7% of the partici-
pants from the placebo group (p = 0.012).39 It is im-
portant to note that the above studies38,39 that
compared POIT and probiotic with placebo OIT and
probiotic placebo unfortunately failed to answer the
crucial question: does probiotic use improve the out-
come of POIT. A study that compares subjects, all of
whom receive POIT and split between receiving pro-
biotic or placebo probiotic would be more on target.
Therefore, we are unable to recommend probiotic use
as an adjuvant to POIT therapy, based on current
evidence.

Practical Steps
How do we approach the consultation with a patient

who is considering undergoing OIT for his or her food
allergy? In practical terms, the first step is to confirm
the food allergy diagnosis (this may require a food
challenge if in doubt). After this, it is important to
ensure that the patient is eligible for this type of ther-
apy and does not have comorbidities that may pre-
clude them from participating (such as active EoE or
uncontrolled asthma). Next, risks and benefits of the
procedure should be clearly outlined and discussed at
length with the patient and the family. This will likely
be an ongoing discussion, and shared decision-making
is crucial (as outlined below). Finally, it is worth con-
sidering the family setup and dynamics; this therapy
requires dedication and a motivated individual and/
or family. If there are concerns about treatment
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compliance, it would be best to defer OIT initiation
until these are fully addressed and resolved.

SHARED DECISION-MAKING IN OIT
Recently, in the United States, the first drug for POIT

was approved by the U.S. Food and Drug Administra-
tion. The landscape of food allergies is changing, and
the future looks much brighter for patients and their
families. In addition to traditional avoidance strategies,
new options for active therapy are emerging over time,
posing the question of appropriate decision-making. In
food allergy and food immunotherapy, decisions are
unlikely to be straightforward.
The patient and his or her family will be faced with a

variety of potential management paths, each having
trade-offs.40 The process of how to choose a particular
option becomes a discussion in which the clinician and
the patient have to jointly review the medical evidence
but also the patient’s preference for balancing particu-
lar attributes of the treatment.40 The involvement of
children in the decision-making process is also crucial;
both parents and health care providers should support
young patients as they learn to make decisions on their
own.41 This process can be facilitated by the physician
during an office visit by examining the child’s opin-
ions, concerns, and preferences, and by checking for
their understanding on what has been said.42 Parents
may also engage their children in specific decisions,
involve them in the management of their condition,
and prepare them for the transition to greater inde-
pendence when they reach adulthood.42

Decision-support tools, such as decision aids, may
assist patients in understanding and choosing between
new treatments and available options, and by balanc-
ing decisions with personal values.43 These tools
should also help address caregiver goals, expectations,
and psychological barriers as well as identify facilita-
tors for treatment strategies.44 A recent publication
highlighted a four-page decision aid for commercial
peanut allergy therapies, which is a welcome addition
to the current literature.45

CONCLUSION
There is no doubt that patients with food allergies

carry a significant multifaceted daily burden, which
includes dietary, social, and psychological effects. For
a long time, the only available option for the manage-
ment of their disease has been avoidance of the food
trigger and treatment of accidental exposures when
these occurred. Recently, the emergence of OIT as an
active therapy has changed the traditional approach to
food allergy management and expanded the offerings
for children with food allergies. Making the right deci-
sion for treatment is not easy and differs for each
patient and his or her family. Balancing risks and

benefits of OIT versus no therapy requires review of
the current evidence by both the provider and the
patient as well as significant personal input on the
patient’s preferences. It is expected that shared deci-
sion-making and decision aids will become widely
available over time and assist caregivers and patients
in making the decision that best fits their treatment
goals and personal values.
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