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Treatment of food allergy is a rapidly changing landscape, with
arguably, the most significant advancement in recent years, the
transition of oral immunotherapy (OIT) to clinical practice. As
an innovation, OIT is a phase of rapidly increasing demand,
particularly for some allergens such as peanut, egg, and milk,
which have substantial evidence of efficacy. However, significant
questions remain about how to best treat multiple food allergies
and less common food allergies and how to optimize long-term
safety and efficacy. This review summarizes the currently
available resources for integrating food allergy OIT into clinical
practice and focuses on the multiple remaining unmet needs
such as providing an approach for OIT to food allergens for
which there is no or limited evidence; practical issues related to
food allergy treatment particularly when it is not going well;
long-term outcomes and follow-up after OIT; and strategies to
help meet the impending increase in demand. � 2021
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INTRODUCTION
IgE-mediated food allergies affect up to 6% to 8% of children

and 3% to 4% of adults and have a major impact on quality of life
(QOL). Until recently, the only management option available
outside a research setting consisted of allergen avoidance, along
with patient training on the proper use of epinephrine and peri-
odic testing to follow the natural evolution of the allergy. This left
a great unmet need for active therapies that could either tempo-
rarily decrease reactivity (desensitization, DS) or abate the allergic
immune response in a sustained manner (sustained unrespon-
siveness, SU). Various experimental approaches have been
researched to this end, including allergen immunotherapy with
native or modified allergens (either through the oral, sublingual, or
epicutaneous routes, with or without adjuvants), as well as
nonspecific approaches with biologics (either as monotherapy or as
adjunctive therapy with oral immunotherapy [OIT]).

Arguably, the most significant advancement in food allergy
treatment has been the transition of OIT to clinical practice. As an
innovation, OIT could be said to be entering its disruptive phase.
In economic theory, disruptive innovation is the process by which
a new technology sees a more rapid improvement than the
incumbent in its quality.1 When the new technology (OIT) finally
catches up with the incumbent (avoidance), there is a sudden shift
in demand for the former, which disrupts the market (food allergy
practice) (Figure 1). This is reflected in the OIT literature, which
has recently shifted from asking whether OIT was ready to asking
how it should be offered in clinical practice.

As such, it is expected that allergists will come under intense
pressure to rapidly integrate OIT into their practice and meet this
inevitable increase in demand. The training curriculum of most
practicing allergists did not include OIT, and there is a limit to the
practical knowledge that can be gathered from randomized
controlled trials. A number of guidelines and review articles were
recently published to help support clinicians in this transition,
covering various aspects of the treatment (Table I). This review
summarizes the currently available resources for integrating food
allergyOIT into clinical practice and then specifically focuses on the
multiple remaining unmet needs such as providing an approach for
OIT to food allergens for which there is no or limited evidence;
practical issues related to food allergy treatment particularly when it
is not going well; long-term outcomes and follow-up after OIT; and
strategies to help meet the impending increase in demand.
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Abbreviations used

BAT- b
asophil activation test
CSACI- S
panish and Canadian Society of Allergy and Clinical
Immunology
DS- d
esensitization

EAACI- E
uropean Academy of Allergy and Clinical Immunology
EoE- e
osinophilic esophagitis

FDA- F
ood and Drug Administration

GI- g
astointestinal
OFC- o
ral food challenge

OIT- o
ral immunotherapy
OITIGER- o
ral immunotherapy-induced gastrointestinal symptoms
and peripheral blood eosinophil responses
QOL- q
uality of life

SU- s
ustained unresponsiveness

WP- w
heat protein
CURRENT OIT RESOURCES FOR INTEGRATING OIT

INTO CLINICAL PRACTICE
Five scientific societies have made recommendations for OIT

in formal clinical practice guidelines (Table I). All agree that OIT
is a therapeutic option to induce DS in children with food al-
lergy. Guidelines highlight the importance of shared decision
making, establishing an accurate diagnosis before initiating
treatment, and ensuring safety of OIT visits with appropriate
supplies and personnel. They all recognize that OIT can be
performed with normal food from the grocery (eg, peanut butter
or cow’s milk). There is also a consensus on contraindications,
which generally include uncontrolled asthma, pregnancy, eosin-
ophilic gastrointestinal disease, disproportionate anxiety, or
inability to cope with instructions.

There are also some minor differences between the guidelines,
mostly for sections based on expert opinion. The European
Academy of Allergy and Clinical Immunology (EAACI) guide-
lines suggest delaying OIT until the age of 4 or 5 years to
monitor natural resolution, whereas the Spanish and Canadian
Society of Allergy and Clinical Immunology (CSACI) guidelines
suggest starting early in toddler years because it is best tolerated.
The CSACI used multicriteria decision analysis to account for
patient perspective and ethical concepts in addition to clinical
evidence in its recommendations. This approach led it to
generalize its recommendation to all food allergies and to suggest
OIT as an option to induce DS in adult patients.

After getting familiar with clinical practice guidelines, allergists
new to OIT may want to consider a number of review articles
that have been published to guide implementation of OIT in
practice (Table I). Although the content of guidelines is mostly
used to present evidence in support of their specific recom-
mendations, these review articles focus more on how to apply
these in practice and generally center around the same themes.

The first theme is implementation. These reviews present a
global overview of the various aspects when considering OIT,
including patient selection, environment, food products, dosing
protocols, and other logistic matters. These are especially useful
for those allergists who have little experience with OIT.

The second theme is shared decision making. Shared decision
making is particularly important in OIT, because its success is
directly framed by patient’s objectives and expectations. Several
studies have examined patient expectations toward treatment
using methodologies relying on open-ended questions to avoid
the risk of orienting answers. These help appreciate the diversity
in patient perspectives. Various articles also describe the process
and tools for shared decision making in the context of OIT.

The third theme is personalization. Although standard pro-
tocols are useful to guide novice OIT allergists at first, a one-size-
fits-all approach has a certain limit in OIT. Food allergy is a
highly heterogeneous disease, and patients have different health
preferences and tolerance to risk. The key to successful OIT is to
adapt to patient reality. These articles are intended for more
experienced OIT allergists who are ready to start adapting their
practice to less conventional patients (eg, severe or multiple al-
lergies, uncommon allergens).

UNMET NEED #1: APPROACH TO FOODSWITH NO

OR LIMITED PREVIOUS LITERATURE
Over the past 20 years, OIT to milk, egg, and peanut has been

widely studied, including in randomized controlled prospective
studies.21-23 These led to the official EAACI recommendation on
OIT as a potential treatment for milk, egg, and peanut allergy,6

and subsequently to the approval of a peanut product for OIT by
the Food and Drug Administration (FDA)24 in January 2020. It
is important to note, however, that the development of OIT to
food allergy has differed markedly from the usual path a new
treatment typically takes. A new drug typically requires FDA or
European Medicines Agency approval, necessitating several steps
of clinical trials on safety and efficacy during its development. In
contrast, the initial clinical trials performed in food OIT used
fresh foods rather than a standardized drug product.21-23

Moreover, because foods rather than drugs were used for OIT,
official regulatory approvals were not required, and food (pri-
marily milk, egg, and peanut) OIT was offered to the public in
many countries before any official guidelines were published, and
many years before a single product was approved by the FDA.
These clinical OIT treatment programs have provided significant
experience on safety and efficacy of milk, egg, and peanut OIT,
and have been extensively reviewed. Given that commercial
products for OIT are not yet available for most foods, anyone
wishing to perform OIT for foods other than peanut would have
to rely on fresh foods. Reports on clinical experience with OIT to
foods other than milk, egg, and peanut will be briefly reviewed
here and are summarized in Table II, based on the number of
studies available for each food.

Wheat
Wheat OIT has been recently extensively reviewed.37 Several

open-label wheat OIT studies, using boiled udon or spaghetti,
showed desensitization rates ranging from 37.5% to 88.9%26,30

(Table II). One multicenter, randomized, double-blind placebo-
controlled trial, in 46 patients with wheat allergy randomized 1:1
to low-dose vital wheat gluten (1445 mg of wheat protein [WP])
OIT or placebo, was published.27 At year 1, 12 (52.2%) of 23
OIT-treated subjects successfully consumed a WP dose of greater
than or equal to 4443 mg, and at year 2, 7 (30.4%) were
desensitized to 7443 mg WP. Placebo-treated subjects crossed
over to high-dose vital wheat gluten OIT (maximum, 2748 mg
of WP) in year 2. Twelve (57.1%) of 21 were desensitized after 1
year (median, 7443 mg of WP). In year 1, 15.4% of low-dose
vital wheat gluten OIT doses were associated with adverse



FIGURE 1. OITas a disruptive innovation. As scientific and experiential knowledge is gained, the practice of oral immunotherapy becomes
safer, more effective and more accessible, making it a rapidly evolving technology. Strict avoidance, on the other hand, follows a trajectory
of slow but sustained innovation (educational programs, food labelling, etc). Market disruption will occur when the perceived value of oral
immunotherapy surpasses that of strict avoidance, assuming generalized uptake is feasible.
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reactions and 0.04% were severe. Five (21.7%) of the OIT-
treated patients had reactions treated with epinephrine, 4 of
them to home doses. It appears that wheat OIT results in suc-
cessful DS in most patients. Higher doses are associated with
more adverse reactions but with higher DS rates as well.

Fish

The results of OIT to fish are largely based on a few reports
with small sample sizes (Table II).31,32 Martorell-Calatayud
et al33 performed an open, uncontrolled hake fish OIT study
in 8 children aged 4 to 14 years, using a lyophilized hake extract,
with a target dose of 225 mg lyophilized hake extract (equivalent
to 112.5 mg hake protein or 75 g of hake). All patients passed an
oral food challenge (OFC) with 150 g of hake with no symp-
toms. Adverse reactions, mostly mild, were experienced in
response to 1.7% of doses taken. Multifood OIT studies have
also reported successful treatments that included fish and
shellfish.

Tree nuts
Allergies to tree nuts are among the most prevalent food

allergies, and tree nut allergy is associated with a significant risk
for severe anaphylactic reactions, and with low resolution rates
(w9%).38 Patients allergic to tree nuts are often allergic to
multiple nuts and are likely to require multiple OIT treatments,
potentially reducing patients’ and physicians’ motivation for
OIT. Because patients with tree nut allergy are often advised to
eliminate multiple nuts from their diet based on sensitization
only, the first step in tree nut OIT requires determination of
true allergy versus sensitization only.39 This might necessitate
several OFCs before starting OIT. A potential way to reduce the
burden of food challenges would be to refer to walnut and
pecan as a single group and to cashew and pistachio as a single
group, given the high degree of cross-reactivity between these
nut pairs.39

Tree nut OIT might rely on cross-reactivity between pairs of
nuts by using a single tree nut OIT to DS not only for the
treated but also for untreated nuts. Alternatively, multiple tree
nuts can be used simultaneously in the OIT protocol. Two single
tree nut OIT studies have been described so far. One, a
retrospective single-center study of hazelnut OIT (target dose,
1635 mg hazelnut protein ¼ 8 hazelnuts). The proportion of
hazelnut-desensitized patients after 6 months was 34%.35

Adverse reactions occurred in 30% of patients; none severe.
DS to other nuts was not examined. Another single-center pro-
spective controlled study of walnut OIT (target dose, 4000 mg
protein) demonstrated successful walnut DS in 89% of 55
walnut-allergic patients (Table II).34 In this study, full cross-
desensitization to pecan, the most closely related nut to wal-
nut, was achieved in all patients who were additionally pecan-
allergic (n ¼ 46) following walnut DS. In patients with allergy
to hazelnut, a nut less closely related to walnut, cross-
desensitization to hazelnut was still high, with 14 of 15
(93.3%) either fully desensitized or had an increase in reaction
dose of greater than or equal to 10-fold or to a dose greater than
or equal to 1000 mg but less than 4000 mg protein to hazelnut
following walnut DS. For cashew, cross-desensitization was
documented as well, but in only a few patients, reflecting its low
relatedness to walnut. This potential for cross-desensitization
greatly enhances the attractiveness of tree nut OIT. Although
most adverse reactions during updosing were mild in this study,
9 patients (16.4%) required intramuscular epinephrine for home
doses.34 One multifoods OIT study involved tree nut as well.
This study also compared OIT with and without omalizumab
and demonstrated successful walnut, cashew, and hazelnut DS
primarily in patients who were concurrently treated with
omalizumab.40

Sesame
Sesame has become a prevalent ingredient in Western diet in

recent years due to its nutritional benefits.41 Its increased avail-
ability and consumption make sesame more difficult to avoid,
increases the risk of accidental exposure-induced anaphylactic
reactions, and further impairs QOL in patients with allergy.
Recently, the FDA advanced a new effort for the consideration of
allergy labeling for sesame.42 So far, a single study on sesame
OIT, using a prospective controlled design, has been pub-
lished.36 All patients reacted to sesame on an open OFC before
starting OIT. Treatment efficacy was high, with 88.4% of OIT-



TABLE I. Clinical resources for integrating OIT into clinical practice

Author, year Title

Clinical practice guidelines

Matorell et al,2,3 2017 Oral immunotherapy for food allergy: a Spanish guideline. Immunotherapy egg and milk Spanish guide.
Two-part CPG focusing on OIT for milk and egg allergy. Written in a Q&A format with a strong focus on

practical content

Pajno et al,4 2017 Clinical practice recommendations for allergen-specific immunotherapy in children: the Italian consensus report
Subsection on OIT that recommends OIT should be performed in specialized centers

Ebisawa et al,5 2020 Japanese guidelines for food allergy 2020
Subsection on OIT that establishes definitions and minimal requirements for OIT

Pajno et al,6 2020 EAACI Guidelines on allergen immunotherapy: IgE-mediated food allergy
Traditional CPG assessing OIT, SLIT, and EPIT for IgE-mediated food allergy. Recommends OIT as a

treatment option to induce desensitization and identifies gaps of knowledge for future research

Begin et al,7 2020 CSACI guidelines for the ethical, evidence-based and patient-oriented clinical practice of oral immunotherapy
in IgE-mediated food allergy

CPG using a multicriteria decision analysis methodology to make recommendations on the clinical practice
of OIT but also on the way it is developed and integrated into the current clinical offer

Implementation in practice

Abrams et al,8 2021 How to incorporate oral immunotherapy into your clinical practice
Provides practical tips, protocol, and teaching material for starting OIT in practice, with a focus on the toddler

population

Leonard et al,9 2021 Integrating oral immunotherapy into clinical practice
Mainly covers various aspects of office preparedness and describes OIT procedures

Wasserman et al,10 2021 An approach to the office-based practice of food oral immunotherapy
Covers how to orient the office for OIT, describes the OIT process and management of reactions, shared

decision making, and adjunctive therapies

Sabouraud et al,11 2021 Oral immunotherapy in food allergies: a practical update for pediatricians
A combination of explanations on OIT and description of procedures and dose management aimed at

pediatricians

Shared decision making

Anagnostou et al,12 2020 The role of shared decision making in pediatric food allergy management
Review of shared decision-making theory and a case discussion applied to OIT

Anagnostou et al,13 2021 A practical, stepwise approach to peanut oral immunotherapy in clinical practice: benefits and risks
6 case-based scenarios addressing OIT-related questions with a family using shared decision-making

approach

Mack et al,14 2020 A counseling video with pre- and post-testing and checklist for oral immunotherapy consent improves
participant knowledge

Describes potential tools to help inform patients and facilitate shared decision making

Patient and caregiver’s perspective

Greenhawt et al,15 2018 Understanding caregiver goals, benefits, and acceptable risks of peanut allergy therapies
Semi-structured interviews with participants in trials

Blackman and Anagnostou,16 2019 Identification of goals and barriers to treatment from 92 consecutive consultations with families considering
peanut OIT

Semi-structured interviews with families referred for peanut OIT in real-life

Le Blanc et al,17 2021 Treatment expectations in food-allergic patients referred for oral immunotherapy
Semantic analysis of expectations of 1107 patients referred to an academic OIT clinic using content analysis

software

Treatment personalization

Mori et al,18 2019 Oral immunotherapy (OIT): a personalized medicine
Narrative review on the need for personalization in OIT

Graham et al,19 2021 Practical challenges in oral immunotherapy resolved through patient-centered care
8 case-based scenarios on ways protocol can be adapted to solve common practical problems with shared

decision making

Mack et al,20 2020 Novel approaches to food allergy management during COVID-19 inspire long-term change
Series of possible protocol adaptations to reduce the need for in-person visits

CPG, Clinical practice guideline; EPIT, epicutaneous immunotherapy; Q&A, question and answer; SLIT, sublingual immunotherapy.
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treated patients desensitized to 4000 mg sesame protein (17 g of
tahini). Adverse reactions occurred in 4.7% of hospital doses and
1.9% of home doses. Epinephrine was administered to 16.7% of
patients in clinic and 8.3% of patients at home.36 Sesame was
also successfully included in multifood OIT treatments
(Table II).



TABLE II. Selected studies on sesame, fish, wheat, and tree nut OIT

Food/Study Study type Food used Sample size

Target dose

(mg protein)

Desensitization

rate AE (of doses)

Epinephrine

(of patients treated)

Wheat Sato et al,25 2015 Open- label, historical
control

Boiled udon
noodle

OIT, n ¼ 18
Control, n ¼ 11

5200 mg 88.9% 6.8% 5.6%

Kulmala et al,26 2018 Open- label, uncontrolled Wheat spaghetti n ¼ 100 2000 mg 77% 70% of patients 12%

Nowak-Wegrzyn,27 2019 Double-blind placebo-
controlled

LD/HD

Vital wheat gluten OIT, n ¼ 23
Control, n ¼ 23

HD, 2748 mg
LD, 1445 mg

HD, 57.1%*
LD year 1, 52.2%
LD year 2, 30.4%

15.5% Clinic, 4.3%
Home, 17.4%

Nagakura et al,28 2020 Open-label, LD, historical
control

Boiled udon
noodle

OIT, n ¼ 16
Control, n ¼ 11

53 mg (2 g noodle) 88% Clinic, 32.1%
Home, 4.1%

None

Sugiura et al,29 2020 Open-label, LD,
controlled

Boiled udon
noodle

OIT, n ¼ 35
Control, n ¼ 10

53 mg (2 g noodle) 37.5% 0.64% None

Ogura et al,30 2020 Open-label, LD/HD,
uncontrolled

Boiled udon
noodle

HD, n ¼ 12
LD, n ¼ 12

HD, 2600 mg
LD, 650 mg

58.% for both HD, 8.82%
LD, 4.76%

HD, none
LD, 8.3%

Fish Patriarca et al,31 2003 Open- label, uncontrolled Boiled cod n ¼ 11 160 g fish 72.7% Not specified Not specified

Patriarca et al,32 2007 Open- label, uncontrolled Boiled cod n ¼ 9 100 g fish 100% Not specified Not specified

Martorell-Calatayud et al,33 2019 Open- label, uncontrolled Lyophilized hake
extract

n ¼ 8 112.5 mg (75 g fish) 100% 1.7% None

Tree nuts Elizur et al,34 2019—walnut Prospective cohort, open-
label with observational
control

Walnut flour,
walnut

OIT, 55
Control, 18

4000 mg 89% Clinic, 4%
Home, 2%

Clinic, 20%
Home, 15%

Moraly et al,35 2020—hazelnut Open- label, uncontrolled Ground hazelnut n ¼ 100 1635 mg 34% 30% of patients None

Sesame Nachshon et al,36 2019 Cohort, open-label with
observational control

Sesame flour/
tahini

OIT, n ¼ 60
Control, n ¼ 15

4000 mg 88.4% Clinic, 4.7%
Home, 2%

Clinic, 16.7%
Home, 8.3%

AE, Adverse event; HD, high dose; LD, low dose.
*HD groups were challenged to 7443 mg; LD groups were challenged to 4443 mg (year 1) and 7443 mg (year 2).
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TABLE IV. Practical approach for eosinophilic reactions during OIT
1. Obtain a baseline eosinophil count from all patients starting OIT

2. Limit the starting dose even in patients with a high threshold. We recommend against starting at a dose >300 mg protein even if the threshold is
much higher

3. Repeat a CBC according to symptoms thereafter. A significant increase in eosinophils helps differentiate OITIGER from other GI-associated
complaints

Be aware that some patients develop significant eosinophilia in the absence of GI complaints. Slowing down their updosing or staying on the same
dose until it resolves might be considered

4. Educate patients that GI symptoms, even when occurring with no temporal relation to the dose taken, could represent a form of “reaction” to the
treatment

5. In case symptoms compatible with OITIGER develop, reduce dose by 50% or more until symptoms and eosinophilia resolve

6. If no resolution occurs, reduce dose further or stop OIT until symptoms resolve

7. Proceed if asymptomatic, initially with smaller updosing

8. In patients who develop symptoms during maintenance or in patients whose symptoms persist despite treatment modifications, consider a referral
for gastroscopy

9. In the case EoE is diagnosed, discuss treatment options with patients (high-dose PPI vs OIT dose reduction to 300 mg vs OIT discontinuation)

10. If EoE persist, consider OIT discontinuation

CBC, Complete blood cell count; PPI, proton-pump inhibitor.

TABLE III. Practical approach for anaphylactic reactions during OIT
1. Provide patients with medications for the treatment of adverse reactions at home (2 up-to-date epinephrine autoinjectors, bronchodilators,

antihistamines)

2. Be aware that patients undergoing OIT to milk are at a significantly higher risk for severe reactions during treatment, compared with other foods

3. Identify additional potential risk factors—asthma, previous severe reactions (particularly to minute doses of protein), and a lower threshold (if
known)

4. Monitor asthma control on every visit. One might also consider an objective measure of airway function (eg, spirometry or peak flow)

5. Educate patients about potential triggers for severe reactions (exercise, fatigue, menses, excitement, empty stomach, etc) particularly in proximity
to the dose taken

6. Instruct patients on how to dose during concurrent illnesses (dose reduction, antihistamines)

7. Provide patients with a clear action plan and contact information in case of home adverse reactions

8. In case a severe reaction occurs:
a. Identify a potential trigger that could account for the reaction and that could potentially be avoided in the future
b. Reduce dose for a few days or return to the previous “safe” dose until next updosing. Consider predosing with antihistamines for several days
c. Consider prolonging interval between updosing to enable better desensitization
d. Consider treatment cessation in patients with recurrent severe reactions due to noncompliance with the treatment protocol

9. In the presence of recurrent severe reactions, attempt to achieve a minimal protective dose (typically 300 mg protein) that would not elicit
additional severe reactions

10. Discuss with patient pros and cons for continued OIT and the goal of treatment (protection vs full desensitization)
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UNMET NEED #2: HOW TO ADDRESS OIT THAT IS

NOT GOING WELL

Anaphylactic reactions
As much as OIT is highly effective in desensitizing food-

allergic patients, it is also associated with adverse reactions,
during both in-clinic updosing and home dosing. The peanut
OIT Peanut Allergy Oral Immunotherapy Study of AR101 for
Desensitization in Children and Adults trial reported that 96.4%
of patients experienced 1 or more adverse event during dose
increases and 87.1% during maintenance.43 It should be noted
that many of the reported adverse reactions are subjective (oral
paresthesia, throat irritation, and pruritus), and many others are
mild (lip swelling, rhinorrhea, and sneezing). Still, systemic
allergic reactions, including those treated with injectable
epinephrine, occur. Epinephrine was administered for adverse
reactions in 14% of patients in the PALISADE trial and in 23%
of patients in a clinical peanut OIT treatment program.44 A
meta-analysis concluded that peanut OIT regimens considerably
increase allergic and anaphylactic reactions over avoidance or
placebo.45 In a study by Nachshon et al,46 on 1100 OIT
treatments for various foods (milk, egg, peanut, sesame, and tree
nuts), milk OIT was associated with more epinephrine-treated
reactions both in clinic (26.8% vs 11.3%) and at home
(13.8% vs 5.8%) compared with nonemilk OIT. Of note,
unlike accidental exposures, reactions during OIT occur when
patients are under supervision. Also, patients and parents are
educated about the use of injectable epinephrine. Still, such re-
actions induce stress, and are associated with lower rates of full
DS.46 A practical approach for anaphylactic reactions is presented
in Table III.

Several studies have identified risk factors for severe reactions
during OIT. Active asthma is one such significant risk factor.46,47

Interestingly, the presence of asthma as a comorbidity, but not
necessarily asthma severity (assuming it is well controlled), is
associated with more severe adverse reactions during OIT.25

Additional risk factors reflect the severity of the individual food
allergy.46 In addition to these inherent risk factors, certain factors
such as concurrent illness, physical exertion after dosing, dosing
during menses or on an empty stomach, pollen allergy, and
irregular dosing might trigger systemic reactions.48 OIT treatment



TABLE V. Follow-up of participants in peanut OIT trials after ad libitum ingestion

Study nut

Primary

study

(OIT n)

Age at

start of

OIT (y)

Primary maintenance regime

Trigger for

primary

outcome

Primary

outcome

Primary

outcome

success

Long-term maintenance regime

Long-term

outcome

Long-term

success

Instructions

after long-

term

outcomeAdjuvant

Build-up

period (mo)

Maintenance

period (mo)

Maintenance

dose

Instructions

after first-

degree

outcome

Long-term

study n

Follow-up

period

PPOIT-001
Hsiao et al,72

2017—
peanut

Tang et al,68

2015
1-10 Probiotic 8 10 2000 mg/d Time (at least 18

mo on OIT,
and at least
6-mo
maintenance)

DS DBPCFC
4000 mg
2-wk SU
DBPCFC
4000 mg

26 of 31 (ITT*),
26 of 28 (PP)
passed DS
23 of 28
passed SU

Ad libitum for
those passing
SU and
avoidance for
those who
did not pass

10 of 12 passed
2-wk SU
24 of 28
PPOIT
completers
participated
in survey

Mean, 4.2 �
0.6 y

8-wk SU
DBPCFC
4000 mg

Survey

7 of 10 (70%) of
those who
had achieved
2-wk SU
passed 8-wk
SU

16 of 24 (67%)
eating peanut
4 y after
treatment
cessation

Included only at
the primary
outcome

E-OIT, Herlihy
et al,73

2020—
peanut

Vickery
et al,69 2017

9-36 mo None 10 12-36 300 mg/d or 3000
mg/d

At least 12-mo
maintenance
psIgE � 15
kUA/L

SPT wheal
diameter � 8
mm

No severe AE in
previous 6
mo

If not, after 36-
mo
maintenance

DS DBPCFC
5000 mg
4-wk SU
DBPCFC
5000 mg

35 of 46 (ITT*),
35 of 39 (PP*)
passed DS
32 of 46
(ITT*), 32 of
34 (PP*)
passed SU

Ad libitum
peanut for
those passing
SU and
avoidance for
those who
did not pass

Carry AAI

29 of 39 OIT
completers
participated

Mean, 65 �
12 mo

Survey 27 of 29 (93%)
survey
responders
continuing
peanut
consumption

Included only at
the primary
outcome

Vickery et al,74

2014—
peanut

Jones et al,70

2009
1-16 None Minimum 20

wk (w 5)
Maintenance 1:

Median, 4.7
(range, 4-22)

Maintenance 1:
300 mg/d

Time
13-22 mo on

maintenance
(n ¼ 7)

4-7 mo on
maintenance
(n ¼ 22)†

DS open OFC
3900 mg

27 of 39 (ITT*),
27 of 29 (PP)
passed DS
(progressed to
maintenance)

Maintenance 2:
Maximum 60
(5 y)

Mean length of
treatment,
1453 � 663 d

Maintenance 2:
4000 mg/d

DS OFC
Initial protocol:

psIgE � 2
kUA/L

Amended
protocol:
psIgE � 15
kUA/L

SPT wheal
diameter � 5
mm

No peanut-
related
reactions for
6 mo

If not, after 5 y
of OIT

DS DBPCFC
5000 mg
4-wk SU
DBPCFC
5000 mg

24 of 29 (ITT*),
24 of 24 (PP)
passed DS
DBPCFC *

12/24 passed 4-
week SU
(designated
TS)

TS: “incorporate
peanut into
diet ad
libitum at
least several
days per
week”

TF: restarted on
OIT

21 participated
in the survey

TS median, 40
mo (range,
3-56 mo)

TF median, 12
mo (range,
3-36 mo)

Survey TS: median, 555
mg (range, 0-
4000 mg)
peanut
protein on
average 3 d/
wk (range, 0-
7 d)

TFs: median,
895 mg
(range, 330-
4000 mg)
peanut
protein on
average 7 d/
wk (range, 6-
7 d)

TS: regular
peanut
ingestion
without
restriction

AE, Adverse event; DBPCFC, double-blind placebo-controlled food challenge; E-OIT, early-OIT; ITT, intention-to-treat analysis; PP, per-protocol analysis; PPOIT, Probiotic and Peanut Oral Immunotherapy; psIgE, peanut specific IgE;
SPT, skin prick test; TF, treatment failure; TS, treatment success.
zFive participants withdrew before completion of maintenance 2: 1 allergic side effects, 2 personal reasons, 1 unrelated illness, 1 moved away.
*Calculated by the author.
†Time to OFC reduced because basophil, SPT, and OFC data indicated lack of reactivity sooner than hypothesized.
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TABLE VI. Follow-up of participants in peanut or walnut OITafter prolonged allergen avoidance or continued daily dosing

Study nut

Primary

study (OIT

n)

Age at

start of

treatment

(y)

Primary maintenance regime
Trigger for

primary

outcome

Primary

outcome

Primary

outcome

success

Long-term

maintenance regime

Long-term

outcome

Long-term

success

Published

instructions

following

outcomeAdjuvants

Build- up

period

Maintenance

period

Maintenance

dose

Follow-up

period

Follow-up

dose

Yee et al,75 2019—
peanut

Schneider
et al,38 2013

8-16 Omalizumab Median, 20 wk
(range, 19-24

wk)

2 mo 2000 mg/d Time (week 32 of
study)

DS DBPCFC
4000 mg

11 of 13 (ITT*),
11 of 12 (PP)
passed DS

6 y Varied from 500to
3500 mg/d

Survey 7 of 13 patients
initially enrolled

continuing
consumption at 6

y†

None

Nut
Co-Reactivity
—Acquiring
Knowledge
for Elimination
Recommendations
Elizur et al,34

2019— walnut

NA13 4-20 None Median, 5.9 mo
(IQR, 3.8-8.9)

4000 mg/d Reaching 4000
mg/
d maintenance
dose

Achieve 4000 mg
maintenance
dose

56 of 64 (ITT), 56
of 61 (PP*)
achieved
maintenance
dose

6 mo 1200 mg/d DS OFC
4000mg

45 of 45 passedz None

Sustained
outcomes in
oral
immunotherapy
for peanut allergy

Chinthrajah et al,76

2019— peanut

NA
(95; p-0 ¼ 60;

p-300 ¼ 35)

7-55 None p-0x: median, 57
(IQR, 53-59) wk

p-300jj: median, 53
(IQR, 51-58) wk

12 mo 4000 mg/d Time (week 104 of
study)

DS DBPCFC
4000 mg

p-0: 51 of 60
(ITT), 51 of 51
(PP*) passed
DS

p-300: 29 of 35
(ITT), 29 of 30
(PP*) passed
DS

13-52 wk p-0: avoid
p-300: 300 mg/d

DBPCFC
4000 mg

p-0 13 wk: 21 of
60 ITT (35%){ 52
wk: 8 of 60 ITT
(13%) p-300 13
wk: 19 of 35 ITT
(54%){ 52 wk: 13
of 35 ITT (37%)

None

IMPACT Jones
et al,77 2020—
peanut

NA71 1-3 None 7 mo 24 mo 2000 mg/d Time (104 wk on
maintenance)

DS DBPCFC
5000 mg

68 of 96 (ITT), 68
of 93 (PP*)
passed DS

26 wk Avoidance DBPCFC
5000 mg

20 of 96 (21%) of
those who started
OIT achieved 26-

wk SU

None

Syed et al,78 2014—
peanut

NA45 5-45 None 24 mo 4000 mg/d Time (24 mo on
OIT)

DS DBPCFC
4000 mg

20 of 23 (ITT), 20
of 20 (PP*)
passed DS

3 mo1

3 mo 21
Avoidance SU

DBPCFC
4000 mg

SU DBPCFC
5000 mg

7 of 20 passed the
first 3-mo SU{

3 of 7 passed the
second 3-mo SU
and “remained

clinically
nonreactive”

None

DBPCFC, Double-blind placebo-controlled food challenge; IQR, interquartile range; ITT, intention-to-treat analysis; p-0, peanut-0; p-300, peanut-300; PP, per-protocol analysis.
*Calculated by author.
†One participant did not reach maintenance dose but was surveyed in the long-term follow-up.
zOf the 56 who reached 4000 mg/d maintenance dose, only 45 were assessed by OFC at 6 mo. All 45 passed the OFC.
xp-0: peanut-0 participants completed 2-y OIT and then switched to placebo in the third (follow-up) year.
jjp-300: peanut-300 participants completed 2-y OIT and then switched to lower dose maintenance in the third (follow-up) year.
{Only those participants who passed the challenge progressed to the subsequent challenge(s).

J
A
LLER

G
Y

C
LIN

IM
M
U
N
O
L
PR

A
C
T

M
O
N
T
H

2
0
21

8
PER

R
ET

T
ET

A
L



J ALLERGY CLIN IMMUNOL PRACT
VOLUME -, NUMBER -

PERRETT ETAL 9
programs typically provide patients with home dosing instructions,
including how to avoid potential triggers.48 Interestingly, a recent
Israeli study described a significant reduction in the rate of home
epinephrine-treated reactions during a coronavirus disease 2019
lockdown period, when parents and children were less exposed to
outdoor triggers, such as temperature and aeroallergens, and when
the availability of physical activity and the burden and fatigue
associated with daily chores were probably reduced. This finding
suggests that avoidance of potential triggers can reduce the rate of
epinephrine-treated reactions during OIT.49 Importantly, in the
study by Nachshon et al, described above, full DS was achieved by
most patients treated with nonemilk OIT, even those experi-
encing epinephrine-treated reactions, while only a minority of
those experiencing severe reactions during OIT to milk were fully
desensitized.46

Given that adverse reactions are the main limiting factor of
OIT, various treatment modalities are being tested in an attempt
to increase treatment safety. These include other routes of
administration (epicutaneous immunotherapy, sublingual immu-
notherapy), modified proteins with reduced allergenicity, the use
of probiotics, and additional experimental treatments. These
treatments are still under investigation, are not available in clinical
practice, and have been reviewed elsewhere.50 Biologics, in
particular omalizumab, given in conjunction with OIT, are
another potential treatment for reducing adverse reactions during
OIT. Several studies, comparing OIT for single or multiple food
OIT, with or without omalizumab, have demonstrated compa-
rable efficacy and a shorter duration of treatment for reaching
DS.40,51 However, the effect on the frequency and severity of
adverse reactions is apparent in some, but not in other studies.
Moreover, most patients regain reactivity and experience reactions
once omalizumab is discontinued.40,51,52 Therefore, the dose,
duration of treatment, and the characterization of patients who
would benefit the most from omalizumab during OIT remain to
be determined.

Eosinophilic gastrointestinal reactions
The issue of eosinophilic gastrointestinal (GI) reactions during

OIT is complicated by several confounding factors. First, GI
adverse events during OIT can occur for several reasons. These
include immediate anaphylactic reactions, subjective complaints
that might represent patient anxiety, and eosinophilic GI disease.
Studies attributing all GI manifestations during OIT to eosino-
philic esophagitis (EoE) likely overestimate the prevalence of
OIT-associated EoE.53 Second, food-allergic patients are at a
particular risk to develop EoE regardless of OIT, with a preva-
lence of 4.7% compared with 0.04% in the general population,
according to one study.54 Because gastroscopy is not routinely
performed in patients starting OIT, it is impossible to know
whether EoE or esophageal eosinophilia was present before
treatment was started or whether it was induced by OIT. A
single-center adult peanut OIT study found that 3 of 21 (14%)
patients who underwent gastroscopy before starting OIT had
more than 15 eos/hpf, associated with mild endoscopic find-
ings.55 All were asymptomatic and would have been otherwise
undiagnosed. In addition, some patients develop significant
eosinophilia while remaining asymptomatic and the best way to
manage these patients is not clear.

It appears that 2 different types of EoE may develop during
OIT. The first, referred to as OITIGER (oral immunotherapy-
induced gastrointestinal symptoms and peripheral blood
eosinophil responses56) or eosinophilic esophagitiselike oral
immunotherapyerelated syndrome,44 occurs in 8.2% to 14% of
patients. It typically manifests in abdominal pain, nausea, and
vomiting, which occur early in the course of OIT. Unlike classic
EoE, the presentation rarely includes esophageal spasm or food
impaction and it is often accompanied by peripheral eosinophilia.
In contrast to anaphylactic reactions (occurring immediately and
up to 2 hours after the dose) or to anxiety (occurring before or
shortly after the dose), the symptoms of OITIGER are typically
temporally not related to the dose taken. Patients with OITIGER
experience resolution of symptoms and of eosinophilia on treat-
ment modification (dose reduction), subsequently continue
updosing without recurrence of symptoms, and often achieve full
DS.56 Although most patients with these symptoms were not
biopsied, for the few who were, pathological examination did not
differentiate OITIGER from classic EoE.44,56 Risk factors for
developing OITIGER include a higher starting dose of OIT, a
higher fold increase during the early updosing phase, and a higher
baseline absolute eosinophil count.57 The second type of EoE
resembles the classic presentation of EoE. It appears late in the
course of OIT, often when patients have already reached their
maintenance dose, and is not necessarily accompanied by pe-
ripheral eosinophilia.58 In a single report from Spain, 8 cases
(6.25%) of eosinophilic gastrointestinal diseases were described in
patients undergoing OIT to milk or egg.58 Of these, 2 occurred
early in the course of OIT and might have represented OITIGER.
In 4 of the remaining 6 patients, the disease was limited to the
esophagus and resolved with proton-pump inhibitor and/or
topical steroids without OIT discontinuation. The 2 additional
cases had eosinophilic infiltration in other parts of the GI tract
(duodenum or colon) and OIT was discontinued.58 One of the
patients was diagnosed while undergoing evaluation for celiac
disease and had no classic EoE symptoms. Although clinically
these 2 presentations of EoE have distinct characteristics, they
could very well represent a spectrum. Studying genomic, proteo-
mic, and metabolomics of OIT-associated eosinophilic GI disease
might improve our understanding of these entities, but such
studies are typically hampered by the lack of baseline esophageal
biopsies. New techniques in development such as the esophageal
string test to noninvasively identify esophageal inflammation will
be welcome. One practical approach for patients at risk of
eosinophilic reactions is presented in Table IV.

Compliance and QOL
One of the main goals of OIT is to improve the QOL of food-

allergic patients. Although a meta-analysis of randomized
controlled trials comparing OIT versus no OIT for peanut allergy
found no difference in QOL between groups, other randomized
controlled trials as well as real-world studies have demonstrated a
significant improvement in the QOL of children with food allergy
and their caregivers following OIT.45,59-62 However, the treat-
ment itself is challenging, and patients experience various diffi-
culties, including adverse reactions, food aversion, anxiety related
to consuming food allergens they used to fear and avoid, and
limitations surrounding home dosing. As a result, some patients
perceive worsening of QOL during the initial phase of the treat-
ment process.59 Patients who are less bothered by their food al-
lergy before OIT are more prone to perceive worsened QOL at the
beginning of OIT.59 This trend subsequently reverses, and QOL
continues to improve as treatment progresses and patients get
more DS.63 However, these initial difficulties might have an
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impact on patients’ motivation and lead to treatment cessation.
Therefore, recognizing and addressing these obstacles is important.
For example, presenting to patients that mild local reactions
experienced during OIT can signal DS rather than an unfortunate
side effect of treatment improves OIT experience and outcomes.64

The support of a medical clown might improve the QOL of
children starting OIT,65 and consultation with a dietician
specialized in OIT can help with finding options for patients who
develop food aversion.66 Patients and families should be presented
with the benefits and potential difficulties of OIT so that a joint
decision can be made about starting treatment, and to enable them
to prepare themselves and their children to the treatment and its
challenges and that decision should be revisited periodically during
treatment using shared decision-making approaches, as previously
described (Table I).
UNMET NEED #3: LONG-TERM OUTCOMES AND

MANAGEMENT OF OIT
Although there is well-defined evidence of the efficacy of OIT

to milk, egg, and peanut to desensitize the vast majority of pa-
tients while on treatment (relative risk, 0.16; 95% CI, 0.10-
0.26),67 there is still very little evidence assessing post-
discontinuation effectiveness. A meta-analysis including only 4
studies of egg and milk OIT, which investigated the longer-term
effects measured by an OFC performed after 1 to 3 months after
discontinuation of OIT, suggested but did not confirm the
benefits of OIT (relative risk, 0.29; 95% CI, 0.08-1.13).67 Long-
term outcomes of peanut and tree nut OIT in pediatric clinical
trial populations are presented in Tables V and VI. Eight OIT
studies (5 peanut, 1 walnut) enrolled 407 participants and 312 of
these were followed up at least 6 months after establishing DS or
SU (passing an OFC after a period of allergen avoidance, typi-
cally 2-8 weeks) (Tables V and VI).34,72-78 These longer-term
effectiveness analyses are hampered by the heterogeneity of
OIT protocols (rush to slow updosing; variable maintenance
doses and dose intervals; duration of treatment; trigger for and
assessment of primary outcome) and post-OIT allergen ingestion
regimes (from avoidance to daily dosing to ad libitum).

Long-term ad libitum allergen ingestion post-OIT
Three studies followed up with participants who had passed

the primary outcome of SU, after a prolonged period of ad
libitum peanut ingestion (Table V).72-74 Of note, different sur-
veys were used to assess long-term “success” or tolerance, with 1
study examining SU OFC outcomes 4 years after OIT.72

Furthermore, long-term outcomes are usually favorably skewed
because they are frequently completed only by those patients
who complete OIT,73 or only by those who pass the primary
outcome SU challenge.72 In early-OIT, children aged 9 to 36
months underwent peanut OIT (300 mg or 3000 mg/d) for a
median of 29 months. At mean 5.4 years after OIT cessation,
93% (27 of 29) were continuing peanut consumption (of the 46
original OIT participants).73 In the Probiotic and Peanut Oral
Immunotherapy study, children aged 1 to 10 years consumed
4000 mg/d peanut protein and probiotic OIT for 18 months,
with 67% (16 of 24) continuing peanut consumption 4.2 years
after OIT cessation (of the 31 original OIT participants).72

Further in the Probiotic and Peanut Oral Immunotherapy
study, an 8-week SU challenge was passed by 70% (7 of 10)
(however, only 10 of 23 potential participants who had passed
the 2-week SU challenge at the conclusion of the primary study
agreed to repeated SU challenge).

Furthermore, few studies publish the instructions they provide
to participants following the primary outcome of OIT, and even
ad libitum ingestion may be accompanied with advice of fre-
quency; for example, early-OIT advising this meant “incorporate
peanut into the diet ad libitum at least several days per week.”74

Standardization of instructions provided is crucial for participant
safety, validity of the follow-up data collected, and ongoing
clinical care.

Long-term avoidance or continuous allergen ingestion

post-OIT
Five studies followed up with participants at least 6 months

after establishing DS or SU following a period of avoidance or
continuous daily dosing (Table VI).2-20,25-36,68-70,72-78 There is
currently no agreed consensus on the duration and frequency of
ingestion of allergenic foods required to maintain DS post-OIT
cessation nor how to evaluate and diagnose sustained tolerance
(SU) or permanent tolerance (remission). Yee et al75 surveyed
participants every 6 months for 6 years while taking daily doses
(500-3500 mg/d), with 54% (7 of 13) still consuming peanut
after 6 years. The Nut Co-Reactivity—Acquiring Knowledge for
Elimination Recommendations and sustained outcomes in oral
immunotherapy for peanut allergy trials examined the ability to
maintain DS using lower daily dosing during a long-term follow-
up period after achieving the primary outcome (attaining 4000
mg/d maintenance or passing a 4000-mg DS challenge, respec-
tively). In Nut Co-Reactivity—Acquiring Knowledge for Elim-
ination Recommendations, 45 participants were maintained on a
lower dose of walnut (1200 mg/d) for at least 6 months and all
45 passed a 4000-mg DS challenge. In addition, 11 patients were
maintained on a low dose for less than 6 months at the time of
publication. Of these, 9 were assessed at their 6-month follow-up
and passed a 4000-mg DS challenge and 2 did not arrive for
follow-up (Elizur 2021, unpublished data).34 In sustained out-
comes in oral immunotherapy for peanut allergy, participants
were randomized to avoid peanut (p-0) or take a daily dose of
300 mg (p-300) during the follow-up year.76 In a 4000-mg DS
challenge conducted at 52-week posttreatment follow-up, 37%
(13 of 35) of the p-300 group passed compared with 13% (8 of
60) of the p-0 group. Of note, the proportion of the p-300 group
that passed a 4000-mg DS challenge dropped from 83% (29 of
35) at week 13 of follow-up to 37% (13 of 35) at week 52 (P <
.001).76 Jones et al77 and Syed et al78 examined the ability to
maintain SU after long periods of avoidance. Only 21% (20 of
96) and 13% (3 of 23) of original participants passed an SU
5000-mg challenge after 26 weeks of peanut avoidance in Jones
et al77 and Syed et al,78 respectively. These data together suggest
that most patients undergoing OIT would require many years if
not life-long regular consumption of the allergenic foods to
maintain a state of DS, and although SU may be achieved by
some, most patients regain their allergy with longer periods of
food avoidance.67,76-78

Of note, although most studies of SU have focused on com-
plete remission (passing an OFC following a period of avoid-
ance), more data are needed on the rate of partial remission to
inform patients and physicians with regard to long-term out-
comes. In the seminal egg OIT study published in 2012 by
Burks et al,21 although only 28% of children were considered as
having achieved SU on their final 10-g challenge (equivalent to 2
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eggs), all were able to tolerate a significantly higher amount of
egg than they could on their entry challenge, suggesting that all
developed at least some form of sustained clinical response. This
in itself may be a worthwhile objective for some families. In the
absence of available tools to predict tolerance, continuous con-
sumption of a fixed predetermined daily dose is probably
required at least 3 to 4 times per week. The size of this dose will
depend on whether the patient’s goal is the ability to maintain ad
libitum consumption or to be protected from reactions in case of
accidental exposures.

Long-term compliance

Given that prolonged, if not indefinite, regular OIT treatment
will be required for most, long-term compliance will be a
mandatory part of OIT treatment and should be presented to
patients before entering OIT. The size of the required daily dose
might impact long-term compliance. Patients required to regu-
larly consume a high peanut dose (3000 mg peanut protein,
roughly equivalent to 10 peanuts) after achieving full DS were
much more likely (31.4% vs 3.9%) to discontinue treatment
compared with patients who were required to consume only
1200 mg (roughly equivalent to 4 peanuts).79 Importantly, pa-
tients consuming the low dose (1200 mg) were shown to
maintain full DS. In contrast, in sustained outcomes in oral
immunotherapy for peanut allergy, a 300 mg daily dose failed to
maintain full DS in most patients.76 Taste aversion, difficulty
incorporating the dose with daily activities, adrenaline use during
the build-up phase, and recurrent reactions during follow-up
additionally contribute to ongoing compliance challenges.36,74

Carriage of an epinephrine autoinjector device
Severe adverse reactions including anaphylaxis requiring the

use of an epinephrine autoinjector device are a well-documented
part of all OIT treatment regimes (risk of 22% compared with
baseline risk of 7.1% without OIT45) and may occur in the clinic
as well as during home dosing. Emerging evidence suggests they
reduce with increased duration on the maintenance dose but are
still largely unpredictable. Individualized action plans and
emergency epinephrine autoinjector devices for management of
reactions should be provided.76 Of concern, despite follow-up
studies specifically instructing participants to continue carrying
an epinephrine autoinjector, this advice is regularly not followed;
for example, in early-OIT, 38% (11 of 29) did not carry their
epinephrine autoinjector as instructed, and of these, 18% (2 of
11) had additional persistent food allergies other than peanut.73

In single foodeallergic patients who are not eating their food
allergen outside of their regular dosing, a reasonable compromise
to improve compliance might be that an epinephrine auto-
injector needs to be available during and immediately after food
dosing with the allergen.

Biomarkers as an indication of treatment success
When analyzing our ability to predict OIT success, we need to

first define what success is; that is, is it DS? short-term SU? or
long-term SU/tolerance? There is increasing evidence that base-
line biomarkers are inversely associated with successful DS or
short-term SU following OIT. Smaller skin test results, lower
peanut specific IgE, Ara h1, and Ara h2 levels, and a reduced
peanut specific IgE/total IgE ratio at baseline occur in partici-
pants who pass DS76 or SU OFC74 compared with those who
failed. However, further evidence is required to determine
whether these biomarkers are predictors of treatment success or
natural resolution of food allergy. During the maintenance phase
of OIT, food-specific decreasing IgE and increasing IgG4 levels
may be used to monitor longitudinal changes in the immune
response and although further research is required to determine
the interpretation and relevance of these, they are highly relevant
for the patient experience.7

Basophil activation test (BAT) is a highly specific novel
diagnostic modality that has been increasingly used in the
diagnosis of allergy in general, and of food allergy in specific,
particularly in patients with equivocal skin prick tests or specific
IgE results.71 The utility of BAT in predicting OIT results has
been reviewed elsewhere.80 Briefly, several studies have shown a
significant reduction in basophil reactivity during OIT. In
addition, lower basophil reactivity at baseline was associated with
DS following OIT and with short-term (13-week) SU. However,
whether BAT can predict tolerance is unclear. Also, the BAT is
currently limited to specialized centers, and its protocol and its
best outcome measure need to be better defined.80

UNMET NEED #4: HOW TOMEET THE DEMAND OF

OIT
OIT is a time-consuming and demanding process that re-

quires a high degree of commitment and shared decision making
by the patient, family, and allergist. It may not be an optimal
therapeutic option for all food-allergic individuals; however, it
should be offered and available to all eligible candidates.81 With
increased demand, allergists/immunologists have a substantial
role and obligation in offering OIT in a safe manner in their
clinical practice. Guidelines published by the EAACI in 2018
and the CSACI in 2020 provide an initial foundation of how
OIT may be offered in clinical practice.6,7

Identifying and addressing barriers to OIT

To increase OIT’s availability, the barriers to initiating OIT
must first be identified and addressed. A 2020 survey from 90
practicing Canadian allergists found that lack of ancillary staff,
reimbursement, and physician training were hurdles to initiating
OIT in clinics.82 Before the FDA approval of a peanut OIT
product, a survey among 34 US-based food allergy specialists
found that although some were providing OIT with various
peanut materials, significant barriers included the need for FDA-
approved options due to concerns for medicolegal risk.83 Other
surveys assessing barriers to allergy-specific procedures such as
OFCs showed that lack of resources and long wait times
dissuaded pediatricians from referring to allergy practices.84

Barriers to performing OFCs included time, inadequate reim-
bursement, risk of an adverse event, lack of resources such as
office space and staff for preparation and supervision of chal-
lenges, and training, with fewer than half the respondents having
performed OFCs during allergy/immunology training.85 Some of
these barriers can be addressed by (1) increasing access to clinical
guidelines, protocols, and policy statements; (2) incorporating
training modules for ancillary staff and allied health clinicians;
(3) providing consistent training and practical guidance in allergy
fellowship programs; and (4) implementing OFC- and OIT-
specific billing codes with appropriate reimbursement and
coverage.

Improving access to OIT services
Because allergy practices across the country redefine their

workflows and processes to accommodate OIT, another area that
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can be further developed includes improving access to OIT
services. For those living in rural areas with limited access to
allergists, OIT-trained allergists can form partnerships with and
train local physicians. Additional clinic visits that may be
necessary due to illness, asthma exacerbations, and other health-
related situations can be managed locally with a consistent flow
of information among comanaging physicians. Access to care can
be improved by establishing a local telemedicine-driven network
as successfully developed by dermatology practices.86

The American College of Allergy, Asthma and Immunology
created a task force to assess digital technologies and considers
telemedicine a valuable method of health care delivery, especially
to patients in rural or remote areas.87 As experience with virtual
technology increases,20 mobile and digital devices can be used to
support and improve health services, data flow, surveillance, and
disease management.88 These advances can be leveraged in the
setting of food allergy and OIT. The EAACI has also created a
task force to explore mobile technologyedriven solutions in
allergic diseases. A position paper88 was published in 2020 with a
2-year action plan to incorporate mobile health into allergy care.
Although validation of high-quality tools is still needed, such
advances can improve adherence, monitor symptoms and adverse
events, improve communication with the care team, and provide
real-time clinical data.

Risk stratification and personalized OIT protocols
Emerging data show that there are likely multiple phenotypes

of food allergy that affect reaction severity and response to
OIT.89 This is an area of active research90 and points to the need
for more personalized management and guidance. At its present
stage, OIT dose escalations are strongly advised to be performed
under a clinician’s supervision. Two European studies conducted
by Arkwright et al91 in 2018 and Garvey et al92 in 2017 have
shown that for select patients with a mild reaction history, home-
based peanut OIT was successful. For the long-term success of
OIT, there is a need for more personalization of OIT within an
accepted framework.

In addition to variable reaction phenotypes, there is great
variability among patients and caregivers regarding their goals for
therapy.81 Some individuals seeking OIT may want protection
against cross-contamination or the ability to consume foods with
the “may contain” label. Others want “bite-proof” protection—
or the ability to be safeguarded against severe reactions from
accidental ingestions of larger amounts. Some desire the ability to
“free-eat” where they can consume the allergen(s) ad libitum.81

Wherever possible, in accordance with the practice’s infrastruc-
ture, the OIT plan and protocol should be aligned with the
patient’s/caregiver’s goals and reaction phenotype in a shared
decision model.

Interdisciplinary approach
Children and their caregivers experience increased stress and

anxiety in addition to decreased QOL related to daily food al-
lergy management practices.93 In a study conducted among Food
Allergy Research & Education’s Centers of Excellence, most
centers reported to have observed child and parent anxiety during
OFCs and OIT but with limited access to mental health ser-
vices.94 To further support the needs of patients and families,
OIT management should include a partnership between primary
and specialty care, with professional counseling recommended
for those with significant anxiety. Some centers have a specialized
mental health professional dedicated to the division with exper-
tise in food allergy.94

WHERE TO FROM HERE?
As we work toward greater availability of OIT for eligible

patients, there are still several unmet needs.81,82 Effectiveness of
OIT needs to be further examined across patients of diverse
socioeconomic status, race, age, and ethnicity. A better under-
standing on how to use biomarkers such as IgE ratios and IgG4

in real-life OIT is needed as are new assessments and instruments
to better understand patient-centered outcomes.81 Additional
studies exploring the effect of OIT on health care utilization
linked to accidental exposures will provide additional clarity on
the long-term economic outcomes.7,81 There is a need for
additional guidelines and protocols incorporating the use of bi-
ologics in food allergy.

OIT is clearly a disruptive innovation because it destabilizes
the previously accepted standard of care of food avoidance as the
only option for the management of food allergy.7 With the
advent of OIT and other therapeutic options, the traditional
allergy practice will have to be restructured to provide care for
food-allergic individuals. Training at fellowship programs and
organizations will have to be updated and interdisciplinary care
will have to be prioritized. With the advent of telemedicine and
digital tools, guidelines/protocols that are customizable to the
individual’s specific phenotype and goals of therapy will need to
be created. OIT will no longer be available only to the select few
with economic means or available time to join clinical research
trials, but hopefully as the new standard of care for patients of
diverse socioeconomic, ethnic, and racial backgrounds as well as
those in rural or remote areas.

REFERENCES

1. Christensen CM, Raynor ME, McDonald R. What is disruptive innovation?
Harvard Business Review; 2015. Accessed June 2, 2021. https://hbr.org/2015/
12/what-is-disruptive-innovation.

2. Martorell A, Alonso E, Echeverría L, Escudero C, García-Rodríguez R,
Blasco C, et al. Expert panel selected from members of the Spanish Society of
Pediatric Allergology, Asthma and Clinical Immunology (SEICAP) and the
Spanish Society of Allergology and Clinical Immunology (SEAIC). Oral
immunotherapy for food allergy: A Spanish guideline. Immunotherapy egg and
milk Spanish guide (ITEMS Guide). Part I: cow milk and egg oral immuno-
therapy: introduction, methodology, rationale, current state, indications, con-
traindications, and oral immunotherapy build-up phase. J Investig Allergol Clin
Immunol 2017;27:225-37.

3. Martorell A, Alonso E, Echeverría L, Escudero C, García-Rodríguez R,
Blasco C, et al. Expert panel selected from members of the Spanish Societies of
Pediatric Allergology, Asthma and Clinical Immunology (SEICAP) and Aller-
gology and Clinical Immunology (SEAIC). Oral immunotherapy for food al-
lergy: a Spanish guideline. Egg and milk immunotherapy Spanish guide
(ITEMS GUIDE). Part 2: maintenance phase of cow milk (CM) and egg oral
immunotherapy (OIT), special treatment dosing schedules. Models of dosing
schedules of OIT with CM and EGG. Allergol Immunopathol (Madr) 2017;45.
508-18.

4. Pajno GB, Bernardini R, Peroni D, Arasi S, Martelli A, Landi M, et al. Allergen-
specific Immunotherapy panel of the Italian Society of Pediatric Allergy and
Immunology (SIAIP). Clinical practice recommendations for allergen-specific
immunotherapy in children: the Italian consensus report. Ital J Pediatr 2017;
43:13.

5. Ebisawa M, Ito K, Fujisawa T. Committee for Japanese Pediatric Guideline for
Food Allergy, The Japanese Society of Pediatric Allergy and Clinical Immu-
nology; Japanese Society of Allergology. Japanese guidelines for food allergy
2020. Allergol Int 2020;69:370-86.

6. Pajno GB, Fernandez-Rivas M, Arasi S, Roberts G, Akdis CA, Alvaro-
Lozano M, et al. EAACI Allergen Immunotherapy Guidelines Group. EAACI
Guidelines on allergen immunotherapy: IgE-mediated food allergy. Allergy
2018;73:799-815.

https://hbr.org/2015/12/what-is-disruptive-innovation
https://hbr.org/2015/12/what-is-disruptive-innovation
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref2
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref2
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref2
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref2
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref2
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref2
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref2
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref2
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref2
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref3
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref3
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref3
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref3
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref3
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref3
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref3
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref3
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref3
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref4
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref4
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref4
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref4
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref4
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref5
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref5
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref5
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref5
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref6
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref6
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref6
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref6


J ALLERGY CLIN IMMUNOL PRACT
VOLUME -, NUMBER -

PERRETT ETAL 13
7. Begin P, Chan ES, Kim H, Wagner M, Cellier MS, Favron-Godbout C, et al.
CSACI guidelines for the ethical, evidence-based and patient-oriented clinical
practice of oral immunotherapy in IgE-mediated food allergy. Allergy Asthma
Clin Immunol 2020;16:20.

8. Abrams EM, Erdle SC, Cameron SB, Soller L, Chan ES. How to incorporate
oral immunotherapy into your clinical practice. Curr Allergy Asthma Rep 2021;
21:30.

9. Leonard SA, Laubach S, Wang J. Integrating oral immunotherapy into clinical
practice. J Allergy Clin Immunol 2021;147:1-13.

10. Wasserman RL, Factor J, Windom HH, Abrams EM, Begin P, Chan ES, et al.
An approach to the office-based practice of food oral immunotherapy. J Allergy
Clin Immunol Pract 2021;9:1826-1838.e8.

11. Sabouraud M, Biermé P, Andre-Gomez SA, Villard-Truc F, Corréard AK,
Garnier L, et al. Oral immunotherapy in food allergies: a practical update for
pediatricians. Arch Pediatr 2021;28:319-24.

12. Anagnostou A, Hourihane JO, Greenhawt M. The role of shared decision
making in pediatric food allergy management. J Allergy Clin Immunol Pract
2020;8:46-51.

13. Anagnostou A. A practical, stepwise approach to peanut oral immunotherapy in
clinical practice: benefits and risks. J Asthma Allergy 2021;14:277-85.

14. Mack DP, Foster GA, Bouwers LM, Hanna MA. A counseling video with pre-
and posttesting and checklist for oral immunotherapy consent improves
participant knowledge. Ann Allergy Asthma Immunol 2020;125:468-474.e4.

15. Greenhawt M, Marsh R, Gilbert H, Sicherer S, DunnGalvin A, Matlock D.
Understanding caregiver goals, benefits, and acceptable risks of peanut allergy
therapies. Ann Allergy Asthma Immunol 2018;121:575-9.

16. Blackman AC, Anagnostou A. Identification of goals and barriers to treatment
from 92 consecutive consultations with families considering peanut oral
immunotherapy. Ther Adv Vaccines Immunother 2019;7. 2515135519869763.

17. Le Blanc V, Samaan K, Paradis L, Lacombe-Barrios J, Graham FJ, Roches AD,
et al. Treatment expectations in food-allergic patients referred for oral immu-
notherapy. J Allergy Clin Immunol Pract 2021;9:2087-9.

18. Mori F, et al. Oral immunotherapy (OIT): a personalized medicine. Medicina
(Kaunas) 2019;55:1-17.

19. Graham F,MackDP, Begin P. Practical challenges in oral immunotherapy resolved
through patient-centered care. Allergy Asthma Clin Immunol 2021;17:31.

20. Mack DP, Chan ES, Shaker M, Abrams EM, Wang J, Fleischer DM, et al.
Novel approaches to food allergy management during COVID-19 inspire long-
term change. J Allergy Clin Immunol Pract 2020;8:2851-7.

21. Burks AW, Jones SM, Wood RA, Fleischer DM, Sicherer SH, Lindblad RW,
et al. Oral immunotherapy for treatment of egg allergy in children. N Engl J
Med 2012;367:233-43.

22. Skripak JM, Nash SD, Rowley H, Brereton NH, Oh S, Hamilton RG, et al.
A randomized, double-blind, placebo-controlled study of milk oral immuno-
therapy for cow’s milk allergy. J Allergy Clin Immunol 2008;122:1154-60.

23. Patel N, Herbert L, Green TD. The emotional, social, and financial burden of food
allergies on children and their families. Allergy Asthma Proc 2017;38:88-91.

24. U.S. Food and Drug Administration. FDA approves first drug for treatment of
peanut allergy for children; 2020. Accessed June 2, 2021. https://www.fda.gov/
news-events/press-announcements/fda-approves-first-drug-treatment-peanut-allergy-
children.

25. Sato S, Utsunomiya T, Imai T, Yanagida N, Asaumi T, Ogura K, et al. Wheat
oral immunotherapy for wheat-induced anaphylaxis. J Allergy Clin Immunol
2015;136:1131-1133.e7.

26. Kulmala P, Pelkonen AS, Kuitunen M, Paassilta M, Remes S, Schultz R, et al.
Wheat oral immunotherapy was moderately successful but was associated with
very frequent adverse events in children aged 6-18 years. Acta Paediatr 2018;
107:861-70.

27. Nowak-Wegrzyn A, Wood RA, Nadeau KC, Pongracic JA, Henning AK,
Lindblad RW, et al. Multicenter, randomized, double-blind, placebo-controlled
clinical trial of vital wheat gluten oral immunotherapy. J Allergy Clin Immunol
2019;143:651-661.e9.

28. Nagakura KI, Yanagida N, Sato S, Nishino M, Takahashi K, Asaumi T, et al.
Low-dose-oral immunotherapy for children with wheat-induced anaphylaxis.
Pediatr Allergy Immunol 2020;31:371-9.

29. Sugiura S, Kitamura K, Makino A, Matsui T, Furuta T, Takasato Y, et al. Slow
low-dose oral immunotherapy: threshold and immunological change. Allergol
Int 2020;69:601-9.

30. Ogura K, Yanagida N, Sato S, Imai T, Ito K, Kando N, et al. Evaluation of oral
immunotherapy efficacy and safety by maintenance dose dependency: a
multicenter randomized study. World Allergy Organ J 2020;13:100463.

31. Patriarca G, Nucera E, Roncallo C, Pollastrini E, Bartolozzi F, De Pasquale T,
et al. Oral desensitizing treatment in food allergy: clinical and immunological
results. Aliment Pharmacol Ther 2003;17:459-65.
32. Patriarca G, Nucera E, Pollastrini E, Roncallo C, De Pasquale T, Lombardo C,
et al. Oral specific desensitization in food-allergic children. Dig Dis Sci 2007;
52:1662-72.

33. Martorell-Calatayud C, Carnes J, Michavila Gomez A, Dopazo Fernandez L,
Echeverria Zudaire L, Santana Rodriguez C, et al. Oral immunotherapy to hake
in 8 pediatric patients. J Investig Allergol Clin Immunol 2019;29:294-6.

34. Elizur A, Appel MY, Nachshon L, Levy MB, Epstein-Rigbi N, Pontoppidan B,
et al. Walnut oral immunotherapy for desensitisation of walnut and additional
tree nut allergies (Nut CRACKER): a single-centre, prospective cohort study.
Lancet Child Adolesc Health 2019;3:312-21.

35. Moraly T, Pelletier de Chambure D, Verdun S, Preda C, Seynave M, Vilain AC,
et al. Oral immunotherapy for hazelnut allergy: a single-center retrospective
study on 100 patients. J Allergy Clin Immunol Pract 2020;8:704-709.e4.

36. Nachshon L, Goldberg MR, Levy MB, Appel MY, Epstein-Rigbi N, Lidholm J,
et al. Efficacy and safety of sesame oral immunotherapy—a real-world, single-
center study. J Allergy Clin Immunol Pract 2019;7:2775-2781.e2.

37. Leeds S, Liu EG, Nowak-Wegrzyn A. Wheat oral immunotherapy. Curr Opin
Allergy Clin Immunol 2021;21:269-77.

38. McWilliamV, Koplin J, Lodge C, TangM, Dharmage S, Allen K. The prevalence
of tree nut allergy: a systematic review. Curr Allergy Asthma Rep 2015;15:54.

39. Elizur A, Appel MY, Nachshon L, Levy MB, Epstein-Rigbi N, Golobov K,
et al. NUT Co Reactivity—ACquiring Knowledge for Elimination Recom-
mendations (NUT CRACKER) study. Allergy 2018;73:593-601.

40. Andorf S, Purington N, Block WM, Long AJ, Tupa D, Brittain E, et al. Anti-IgE
treatment with oral immunotherapy in multifood allergic participants: a double-
blind, randomised, controlled trial. Lancet Gastroenterol Hepatol 2018;3:85-94.

41. Gangur V, Kelly C, Navuluri L. Sesame allergy: a growing food allergy of
global proportions? Ann Allergy Asthma Immunol 2005;95:4-11. quiz-3, 44.

42. Food and Drug Administration. FDA asks for input on sesame allergies and
food labeling; 2018. Accessed May 1, 2021. https://www.fda.gov/food/cfsan-
constituent-updates/fda-asks-input-sesame-allergies-and-food-labeling.

43. PALISADE Group of Clinical InvestigatorsVickery BP, Vereda A, Casale TB,
Beyer K, du Toit G, Hourihane JO, et al. AR101 Oral immunotherapy for
peanut allergy. N Engl J Med 2018;379:1991-2001.

44. Wasserman RL, Hague AR, Pence DM, Sugerman RW, Silvers SK, Rolen JG,
et al. Real-world experience with peanut oral immunotherapy: lessons learned
from 270 patients. J Allergy Clin Immunol Pract 2019;7:418-426.e4.

45. Chu DK, Wood RA, French S, Fiocchi A, Jordana M, Waserman S, et al. Oral
immunotherapy for peanut allergy (PACE): a systematic review and meta-
analysis of efficacy and safety. Lancet 2019;393:2222-32.

46. Nachshon L, Schwartz N, Tsviban L, Levy MB, Goldberg MR, Epstein-
Rigby N, et al. Patient characteristics and risk factors for home epinephrine-
treated reactions during oral immunotherapy for food allergy. J Allergy Clin
Immunol Pract 2021;9:185-192.e3.

47. Elizur A, Goldberg MR, Levy MB, Nachshon L, Katz Y. Oral immunotherapy
in cow’s milk allergic patients: course and long-term outcome according to
asthma status. Ann Allergy Asthma Immunol 2015;114:240-244.e1.

48. Varshney P, Steele PH, Vickery BP, Bird JA, Thyagarajan A, Scurlock AM,
et al. Adverse reactions during peanut oral immunotherapy home dosing.
J Allergy Clin Immunol 2009;124:1351-2.

49. Nachshon L, Goldberg MR, Levy MB, Epstein-Rigbi N, Koren Y, Elizur A.
Home epinephrine-treated reactions in food allergy oral immunotherapy: lessons
from the coronavirus disease 2019 lockdown. Ann Allergy Asthma Immunol
2021;127:451-455.e1.

50. Albuhairi S, Rachid R. Biologics and novel therapies for food allergy. Immunol
Allergy Clin North Am 2021;41:271-83.

51. Wood RA, Kim JS, Lindblad R, Nadeau K, Henning AK, Dawson P, et al.
A randomized, double-blind, placebo-controlled study of omalizumab combined
with oral immunotherapy for the treatment of cow’s milk allergy. J Allergy Clin
Immunol 2016;137:1103-1110.e11.

52. Dantzer JA, Wood RA. Omalizumab as an adjuvant in food allergen immu-
notherapy. Curr Opin Allergy Clin Immunol 2021;21:278-85.

53. Petroni D, Spergel JM. Eosinophilic esophagitis and symptoms possibly related
to eosinophilic esophagitis in oral immunotherapy. Ann Allergy Asthma
Immunol 2018;120:237-240.e4.

54. Hill DA, Dudley JW, Spergel JM. The prevalence of eosinophilic esophagitis in
pediatric patients with IgE-mediated food allergy. J Allergy Clin Immunol Pract
2017;5:369-75.

55. Wright BL, Fernandez-Becker NQ, KambhamN, PuringtonN, TupaD, ZhangW,
et al. Baseline gastrointestinal eosinophilia is common in oral immunotherapy
subjects with IgE-mediated peanut allergy. Front Immunol 2018;9:2624.

56. Goldberg MR, Elizur A, Nachshon L, Appel MY, Levy MB, Golobov K, et al.
Oral immunotherapy-induced gastrointestinal symptoms and peripheral blood
eosinophil responses. J Allergy Clin Immunol 2017;139:1388-1390.e4.

http://refhub.elsevier.com/S2213-2198(21)01261-7/sref7
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref7
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref7
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref7
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref8
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref8
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref8
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref9
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref9
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref10
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref10
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref10
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref11
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref11
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref11
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref12
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref12
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref12
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref13
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref13
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref14
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref14
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref14
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref15
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref15
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref15
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref16
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref16
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref16
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref17
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref17
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref17
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref18
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref18
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref19
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref19
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref20
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref20
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref20
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref21
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref21
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref21
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref22
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref22
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref22
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref23
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref23
https://www.fda.gov/news-events/press-announcements/fda-approves-first-drug-treatment-peanut-allergy-children
https://www.fda.gov/news-events/press-announcements/fda-approves-first-drug-treatment-peanut-allergy-children
https://www.fda.gov/news-events/press-announcements/fda-approves-first-drug-treatment-peanut-allergy-children
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref25
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref25
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref25
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref26
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref26
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref26
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref26
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref27
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref27
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref27
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref27
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref28
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref28
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref28
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref29
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref29
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref29
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref30
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref30
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref30
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref31
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref31
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref31
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref32
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref32
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref32
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref33
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref33
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref33
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref34
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref34
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref34
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref34
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref35
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref35
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref35
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref36
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref36
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref36
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref37
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref37
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref38
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref38
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref39
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref39
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref39
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref40
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref40
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref40
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref41
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref41
https://www.fda.gov/food/cfsan-constituent-updates/fda-asks-input-sesame-allergies-and-food-labeling
https://www.fda.gov/food/cfsan-constituent-updates/fda-asks-input-sesame-allergies-and-food-labeling
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref43
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref43
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref43
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref44
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref44
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref44
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref45
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref45
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref45
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref46
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref46
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref46
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref46
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref47
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref47
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref47
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref48
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref48
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref48
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref49
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref49
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref49
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref49
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref50
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref50
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref51
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref51
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref51
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref51
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref52
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref52
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref53
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref53
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref53
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref54
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref54
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref54
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref55
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref55
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref55
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref56
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref56
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref56


J ALLERGY CLIN IMMUNOL PRACT
MONTH 2021

14 PERRETT ETAL
57. Goldberg MR, Nachshon L, Levy MB, Elizur A, Katz Y. Risk factors and
treatment outcomes for oral immunotherapy-induced gastrointestinal symptoms
and eosinophilic responses (OITIGER). J Allergy Clin Immunol Pract 2020;8:
125-31.

58. Echeverria-Zudaire LA, Fernandez-Fernandez S, Rayo-Fernandez A, Munoz-
Archidona C, Checa-Rodriguez R. Primary eosinophilic gastrointestinal
disorders in children who have received food oral immunotherapy. Allergol
Immunopathol (Madr) 2016;44:531-6.

59. Epstein-Rigbi N, Goldberg MR, Levy MB, Nachshon L, Elizur A. Quality of
life of food-allergic patients before, during, and after oral immunotherapy.
J Allergy Clin Immunol Pract 2019;7:429-436.e2.

60. Epstein-Rigbi N, Goldberg MR, Levy MB, Nachshon L, Elizur A. Quality of
life of children aged 8-12 years undergoing food allergy oral immunotherapy:
child and parent perspective. Allergy 2020;75:2623-32.

61. Dunn Galvin A, McMahon S, Ponsonby AL, Hsiao KC, Tang MLK. PPOIT
study team. The longitudinal impact of probiotic and peanut oral immuno-
therapy on health-related quality of life. Allergy 2018;73:560-8.

62. Blumchen K, Trendelenburg V, Ahrens F, Gruebl A, Hamelmann E, Hansen G,
et al. Efficacy, safety, and quality of life in a multicenter, randomized, placebo-
controlled trial of low-dose peanut oral immunotherapy in children with peanut
allergy. J Allergy Clin Immunol Pract 2019;7:479-491.e10.

63. Fernandez-Rivas M, Vereda A, Vickery BP, Sharma V, Nilsson C, Muraro A,
et al. Open-label follow-on study evaluating the efficacy, safety, and quality of
life with extended daily oral immunotherapy in children with peanut allergy.
Allergy. Published online July 28, 2021. https://doi.org/10.1111/all.15027.

64. Howe LC, Leibowitz KA, Perry MA, Bitler JM, Block W, Kaptchuk TJ, et al.
Changing patient mindsets about non-life-threatening symptoms during oral
immunotherapy: a randomized clinical trial. J Allergy Clin Immunol Pract 2019;
7:1550-9.

65. Epstein Rigbi N, Schwartz N, Goldberg MR, Levy MB, Nachshon L, Elizur A.
Medical clown support is associated with better quality of life of children with
food allergy starting oral immunotherapy. Pediatr Allergy Immunol 2021;32:
1029-37.

66. Leroux H, Pernice S, Dufresne E, Samaan K, Lacombe Barrios J, Paradis L,
et al. Impact of a dietitian-led counseling program to support transition to whole
foods during oral immunotherapy. J Allergy Clin Immunol Pract 2020;8:
2107-2109.e3.

67. Nurmatov U, Dhami S, Arasi S, Pajno GB, Fernandez-Rivas M, Muraro A, et al.
Allergen immunotherapy for IgE-mediated food allergy: a systematic review
and meta-analysis. Allergy 2017;72:1133-47.

68. Tang ML, Ponsonby AL, Orsini F, Tey D, Robinson M, Su EL, et al.
Administration of a probiotic with peanut oral immunotherapy: a randomized
trial. J Allergy Clin Immunol 2015;135:737-744.e8.

69. Vickery BP, Berglund JP, Burk CM, Fine JP, Kim EH, Kim JI, et al. Early oral
immunotherapy in peanut-allergic preschool children is safe and highly effec-
tive. J Allergy Clin Immunol 2017;139:173-181.e8.

70. Jones SM, Pons L, Roberts JL, Scurlock AM, Perry TT, Kulis M, et al. Clinical
efficacy and immune regulation with peanut oral immunotherapy. J Allergy Clin
Immunol 2009;124:292-300.e1-97.

71. Santos AF, Lack G. Basophil activation test: food challenge in a test tube or
specialist research tool? Clin Transl Allergy 2016;6:10.

72. Hsiao KC, Ponsonby AL, Axelrad C, Pitkin S, Tang MLK. PPOIT Study Team.
Long-term clinical and immunological effects of probiotic and peanut oral immu-
notherapy after treatment cessation: 4-year follow-upof a randomised, double-blind,
placebo-controlled trial. Lancet Child Adolesc Health 2017;1:97-105.

73. Herlihy L, Kim EH, Burks AW, Barber H, Cook Q, Yang L, et al. Five-year
follow-up of early intervention peanut oral immunotherapy. J Allergy Clin
Immunol Pract 2021;9:514-7.

74. Vickery BP, Scurlock AM, Kulis M, Steele PH, Kamilaris J, Berglund JP, et al.
Sustained unresponsiveness to peanut in subjects who have completed peanut
oral immunotherapy. J Allergy Clin Immunol 2014;133:468-75.
75. Yee CSK, Albuhairi S, Noh E, El-Khoury K, Rezaei S, Abdel-Gadir A, et al.
Long-term outcome of peanut oral immunotherapy facilitated initially by
omalizumab. J Allergy Clin Immunol Pract 2019;7:451-461.e7.

76. Chinthrajah RS, Purington N, Andorf S, Long A, O’Laughlin KL, Lyu SC, et al.
Sustained outcomes in oral immunotherapy for peanut allergy (POISED study):
a large, randomised, double-blind, placebo-controlled, phase 2 study. Lancet
2019;394:1437-49.

77. Jones S, Kim E, Nadeau K, Nowak-Wegrzyn A, Wood R, Sampson H, et al.
Tolerance development following oral immunotherapy (OIT) in 1-3 year old
children with peanut allergy: findings from the Immune Tolerance Network
(ITN) IMPACT trial. J Allergy Clin Immunol 2020;145. AB338.

78. Syed A, Garcia MA, Lyu SC, Bucayu R, Kohli A, Ishida S, et al. Peanut oral
immunotherapy results in increased antigen-induced regulatory T-cell function
and hypomethylation of forkhead box protein 3 (FOXP3). J Allergy Clin
Immunol 2014;133:500-10.

79. Nachshon L, Goldberg MR, Katz Y, Levy MB, Elizur A. Long-term outcome of
peanut oral immunotherapy—real-life experience. Pediatr Allergy Immunol
2018;29:519-26.

80. Paranjape A, Tsai M, Mukai K, Hoh RA, Joshi SA, Chinthrajah RS, et al. Oral
immunotherapy and basophil and mast cell reactivity in food allergy. Front
Immunol 2020;11:602660.

81. Pepper AN, Assa’ad A, Blaiss M, Brown E, Chinthrajah S, Ciaccio C, et al.
Consensus report from the Food Allergy Research & Education (FARE) 2019 Oral
Immunotherapy for Food Allergy Summit. J Allergy Clin Immunol 2020;146:244-9.

82. Mack DP, Soller L, Chan ES, Hanna MA, Terpstra C, Vander Leek TK, et al.
A high proportion of Canadian allergists offer oral immunotherapy but barriers
remain. J Allergy Clin Immunol Pract 2021;9:1902-8.

83. Blaiss MS, Tilles S, Petroni D, Zigmont E, Cassese M, Kwak B, et al. Current
management and use of oral immunotherapy in the United States for patients
with peanut allergy. Allergy Asthma Proc 2019;40:214-20.

84. Hsu E, Soller L, Abrams EM, Protudjer JLP, Mill C, Chan ES. Oral food
challenge implementation: the first mixed-methods study exploring barriers and
solutions. J Allergy Clin Immunol Pract 2020;8:149-156.e1.

85. Pongracic JA, Bock SA, Sicherer SH. Oral food challenge practices among
allergists in the United States. J Allergy Clin Immunol 2012;129:564-6.

86. Costello CM, Cumsky HJL, Maly CJ, Harvey JA, Buras MR, Pallagi PJ, et al.
Improving access to care through the establishment of a local, teledermatology
network. Telemed J E Health 2020;26:935-40.

87. Elliott T, Shih J, Dinakar C, Portnoy J, Fineman S. American College of Al-
lergy, Asthma & Immunology Position Paper on the Use of Telemedicine for
Allergists. Ann Allergy Asthma Immunol 2017;119:512-7.

88. Matricardi PM, Dramburg S, Alvarez-Perea A, Antolin-Amerigo D,
Apfelbacher C, Atanaskovic-Markovic M, et al. The role of mobile health
technologies in allergy care: an EAACI position paper. Allergy 2020;75:259-72.

89. Tsai M, Mukai K, Chinthrajah RS, Nadeau KC, Galli SJ. Sustained successful
peanut oral immunotherapy associated with low basophil activation and peanut-
specific IgE. J Allergy Clin Immunol 2020;145:885-896.e6.

90. Chong KW, Ruiz-Garcia M, Patel N, Boyle RJ, Turner PJ. Reaction phenotypes
in IgE-mediated food allergy and anaphylaxis. Ann Allergy Asthma Immunol
2020;124:473-8.

91. Arkwright PD, Sharma V, Ewing CI, Hughes SM. Home-based program of
maintaining unresponsiveness in children with allergic reactions to larger
amounts of peanuts. Ann Allergy Asthma Immunol 2018;120:539-40.

92. Garvey AA, O’Sullivan D, Hourihane JO. Home-based induction of sustained
unresponsiveness in children with mild reactions to high doses of peanut.
J Allergy Clin Immunol Pract 2017;5:1757-9.

93. Shaker MS, Schwartz J, Ferguson M. An update on the impact of food allergy
on anxiety and quality of life. Curr Opin Pediatr 2017;29:497-502.

94. Herbert LJ, Marchisotto MJ, Sharma H, Gupta R, Bilaver LA. Availability of
mental health services for patients with food allergy. J Allergy Clin Immunol
Pract 2019;7:2904-5.

http://refhub.elsevier.com/S2213-2198(21)01261-7/sref57
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref57
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref57
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref57
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref58
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref58
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref58
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref58
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref59
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref59
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref59
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref60
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref60
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref60
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref61
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref61
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref61
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref62
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref62
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref62
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref62
https://doi.org/10.1111/all.15027
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref64
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref64
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref64
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref64
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref65
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref65
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref65
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref65
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref66
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref66
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref66
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref66
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref67
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref67
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref67
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref68
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref68
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref68
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref69
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref69
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref69
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref70
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref70
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref70
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref71
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref71
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref72
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref72
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref72
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref72
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref73
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref73
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref73
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref74
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref74
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref74
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref75
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref75
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref75
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref76
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref76
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref76
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref76
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref77
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref77
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref77
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref77
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref78
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref78
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref78
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref78
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref79
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref79
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref79
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref80
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref80
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref80
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref81
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref81
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref81
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref82
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref82
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref82
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref83
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref83
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref83
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref84
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref84
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref84
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref85
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref85
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref86
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref86
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref86
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref87
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref87
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref87
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref88
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref88
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref88
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref89
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref89
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref89
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref90
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref90
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref90
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref91
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref91
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref91
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref92
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref92
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref92
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref93
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref93
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref94
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref94
http://refhub.elsevier.com/S2213-2198(21)01261-7/sref94

	Advances, Practical Implementation, and Unmet Needs Regarding Oral Immunotherapy for Food Allergy
	Introduction
	Current OIT Resources for Integrating OIT Into Clinical Practice
	Unmet Need #1: Approach to Foods with no or Limited Previous Literature
	Wheat
	Fish
	Tree nuts
	Sesame

	Unmet Need #2: How to Address OIT That is not Going Well
	Anaphylactic reactions
	Eosinophilic gastrointestinal reactions
	Compliance and QOL

	Unmet Need #3: Long-Term Outcomes and Management of OIT
	Long-term ad libitum allergen ingestion post-OIT
	Long-term avoidance or continuous allergen ingestion post-OIT
	Long-term compliance
	Carriage of an epinephrine autoinjector device
	Biomarkers as an indication of treatment success

	Unmet Need #4: How to Meet the Demand of OIT
	Identifying and addressing barriers to OIT
	Improving access to OIT services
	Risk stratification and personalized OIT protocols
	Interdisciplinary approach

	Where to From Here?
	References


