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KEY POINTS

� Avoidance has historically been the sole treatment option for Immunoglobulin E (IgE)-
mediated food allergy, although oral immunotherapy (OIT) is now an alternative approach.

� OIT effects may be dependent on dose, duration, and frequency of dosing as well as
patient-specific factors, such as age and food-specific IgE levels.

� There is only one U.S. Food and Drug Administration (FDA)-approved OIT product (Palfor-
zia, for peanut); otherwise, OIT occurs through the use of commercially available food
products.

� Multifood OIT protocols seem to be as safe as single-food protocols, and biological ther-
apies may assist with tolerability of OIT protocols and further improve success rates.

� Studies to date looking at sustained unresponsiveness and remission suggest that OIT
needs to be continued in some manner for most individuals to have persistent effects.
INTRODUCTION

The prevalence of IgE-mediated food allergy (FA) continues to increase across the
globe, with rates as high as 9% in children and 4% in adults1–5 and a noted 50% in-
crease in the United States from 1999 to 2011.1,2,6 Despite decades of research,
there is no known cure for FA,6 and strict dietary elimination and food avoidance
have been the basis of treatment.7 Given the ubiquitous presence of the most com-
mon allergenic foods, avoidance is challenging, and accidental ingestions are seen
frequently1; nearly 40% of the estimated 5.9 million FA children in the United States
have experienced a severe life-threatening reaction.8 Both financial and social costs
in FA are also high. The economic impact of pediatric FA in the United States
This article originally appeared in Primary Care: Clinics in Office Practice, Volume 50 Issue 2,
June 2023.
a Medical Arts Allergy, 220 Wilson Street Suite 200, Carlisle, PA 17013, USA; b Family Medicine
Department, UC San Diego Health, 402 Dickinson Street, San Diego, CA 92103, USA
* Corresponding author.
E-mail address: ktodorich@gmail.com

Med Clin N Am 108 (2024) 719–731
https://doi.org/10.1016/j.mcna.2023.08.011 medical.theclinics.com
0025-7125/24/ª 2023 Elsevier Inc. All rights reserved.

Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of Health and Social 
Security de ClinicalKey.es por Elsevier en julio 17, 2024. Para uso personal exclusivamente. No se 
permiten otros usos sin autorización. Copyright ©2024. Elsevier Inc. Todos los derechos reservados.

mailto:ktodorich@gmail.com
http://crossmark.crossref.org/dialog/?doi=10.1016/j.mcna.2023.08.011&domain=pdf
https://doi.org/10.1016/j.mcna.2023.08.011
http://medical.theclinics.com


Todoric & Merrill720
amounts to US$4.3 billion annually in direct medical costs,3,9 and studies show
negative quality of life indicators for both patients and caregivers,10 with 50% of
FA children experiencing bullying.6

More recently, oral immunotherapy (OIT) has emerged as a promising alternative
treatment strategy in FA. OIT is a program of supervised swallowed food introduction,
typically involving 1 day of desensitization, multiple-dose escalation visits, and main-
tenance dosing thereafter (Fig. 1). The primary goal of OIT in clinical practice is pro-
tection against accidental exposure to an allergen triggering anaphylaxis. Some
patients will reach an amount of food ingestion that, secondarily, allows them to incor-
porate the food unrestrictedly into their diet. Although OIT should be pursued only un-
der the direction of an allergist, it is important for primary care physicians who
diagnose, guide appropriate referral to specialty care, and are likely to also participate
in the care of increasing numbers of individuals choosing OIT as an FA treatment strat-
egy to be aware of this novel approach to FA.
OIT is not without the risk of adverse reactions (ARs). Most ARs occur during dose

escalation (but may occur at any time during OIT) and most commonly include self-
limited or antihistamine-treated oropharyngeal pruritus or transient abdominal
pain.11 At times, these early symptoms may require extensive protocol adjustment.
Not insignificantly, up to 10% of OIT patients can exhibit respiratory symptoms,7

and an estimated 10% to 15% of patients withdrew from studies due to severe, intol-
erable abdominal pain.7,11 Frequency of anaphylaxis and epinephrine use among OIT
patients is generally increased compared to the those practicing food avoidance.12

Eosinophilic esophagitis has also been postulated as a complication of OIT treatment,
although it is unclear if this is present before or resulting from OIT.11,13 Factors
increasing the risk of ARs include concurrent illness, physical exertion following
dose administration, menstruation, poorly controlled asthma, and timing with food
ingestion.11 OIT-dosing guidances are advised to diminish the risk of ARs but can
affect lifestyle and be challenging in individuals of varying age and taste preference.
As such, size, formulation, and frequency of OIT doses as well as coadministration
of biological therapies to improve tolerability remain current hot topics in OIT research.
Oral tolerance is the state of unresponsiveness to an antigen. Desensitization is an

increase in reaction threshold to a food allergen while receiving active therapy such as
OIT. Sustained unresponsiveness (SU) is the safe reintroduction of a food after a
period of avoidance, often used as a surrogate marker for more permanent clinical un-
responsiveness after OIT. Remission has been used more recently to describe those
with longer term SU. Use of biomarker profiles and commercially available tests, such
Fig. 1. Overview of OIT protocol and results. aMay be dependent on age, dose, duration,
frequency of dosing, among others.
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as basophil activation testing14 and bead-based epitope assay,15 to more reliably pre-
dict clinical tolerance threshold and those who will maintain SU or enter remission
show promise but require further investigation and validation for consistent application
in clinical practice and OIT.
DISCUSSION
Peanut Oral Immunotherapy

Peanut has been one of the most studied foods used in OIT and is the only food for
which there is a current FDA-approved OIT product (Palforzia). Several randomized tri-
als16–29 and several uncontrolled studies30–38 have demonstrated that peanut OIT
(POIT) is highly effective at inducing desensitization and increasing tolerance
threshold, up to 2 to 18 times the maintenance dose,18–20,25,27,28,30,32,35,37–40 although
this may be dependent on duration41 and frequency of dosing.42 A systematic review
of 12 trials with 1041 patients showed that POIT increased the likelihood of passing an
in-clinic supervised food challenge (relative risk [RR] 12.42) but also increased
anaphylaxis risk (RR 3.12), anaphylaxis frequency (incidence rate ratio 2.72), and
epinephrine use (RR 2.21) compared with those strictly avoiding peanut.42 SU is
much less common and may be dependent on dose and duration as well as depen-
dent on the age of the individual when POIT is initiated and certain biomarker param-
eters (such as food-specific IgE).16,22,31,38,42,43,44 Only 2 studies have evaluated longer
term SU, or remission, and both noted a decreasing tolerance threshold effect with
increased time from POIT end,22,44 although this remained higher than baseline and
different from those who never started POIT.44 Lower baseline peanut-specific IgE
and younger age at screening predicted remission.22

Milk Oral Immunotherapy

To date, milk OIT (MOIT) has only been studied in children to a typical target mainte-
nance dose of 100 to 250 mL milk, and desensitization was achieved in 36% to
97%.45–60 Low-dose (0.5–10 mL) milk with escalation to 150 to 200 mL has demon-
strated high rates of desensitization (98%) when started in infants aged younger
than 1 year,54,61,62 and longer term lower dose MOIT can also increase tolerance
threshold63 and rates of desensitization64,65 as well as induce SU.66,67 Meta-
analysis of 5 MOIT trials with 218 children showed that MOIT increased the likelihood
of developing full tolerance to milk by 10-fold but also increased the risk of AR by 34-
fold, with an RR of 5.8 for needing epinephrine.68 Fewer studies have evaluated SU in
MOIT, with rates varying from 25.6%49 to 40%57 and increasing with longer duration of
MOIT.49

Roughly 70% of patient with cow’s milk allergy may tolerate baked milk (BM), and
tolerating BM may accelerate the resolution of cow’s milk allergy.69–72 Formalized
introduction of baked milk OIT (BMOIT) can significantly increase tolerance
threshold73 and time to desensitization to unbaked milk compared with controls.72–74

In addition, one study noted no difference in rates of desensitization or daily dose of
cow’s milk being consumed at end of study between those treated with BMOIT or
MOIT, although there was a significant trend to increased adverse events in the
BMOIT group.59

Egg Oral Immunotherapy

Egg OIT (EOIT) has been evaluated in children in several controlled75–84 and uncon-
trolled studies85–90 with rates of desensitization ranging from 36% to 94%79,82,91–93

and increase in tolerance threshold by 2 to 10-fold,81,94 likely dependent on age,81
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protocol design,83 maintenance dosing regimens,84 and duration of therapy.83,95 A
Cochrane review performed in 2018 that included 10 RCTs with 439 children aged
from 1 to 18 years showed EOIT increased tolerance threshold to egg and complete
recovery from allergy compared with controls.96 Those studies looking at SU show
higher rates in those treated with EOIT compared with avoidance75,78,88,96,97 and in
those on longer duration of therapy.78

Tolerance of baked egg (BE) may occur before tolerance to unbaked egg,98 and
early BE introduction, even at low dose, can decrease the rate of unbaked egg al-
lergy.99 Baked egg OIT (BEOIT) can desensitize and increase tolerance threshold to
unbaked egg in BE-intolerant children, although these effects may be dependent on
dose and duration and have not been rigorously evaluated against a control popula-
tion.89,90,100,101 One study looking at low-dose BEOIT has demonstrated increased
rates of desensitization and SU to unbaked egg compared with controls.88 Only one
study has compared outcomes in 55 children aged 3 to 16 years tolerant to BE who
continue BE ingestion or completed a course of EOIT.102 In this study, the EOIT group
had better outcomes at the year 1 and 2 food challenges compared with the BE group
(P 5 .002 and P < .0001, respectively) and significantly more of the EOIT group
achieved 8 to 10 week SU compared with the BE group (43.5% vs 11.1%,
P 5 .009).102

Wheat Oral Immunotherapy

Six small pilot studies103–108 and one controlled trial109 of wheat OIT (WOIT) in children
reported 85% to 100% desensitization with a wide range of maintenance doses (400–
70,000 mg) during 3 to 24 months, although these effects may be dependent on dose
and duration.109–111 Fewer studies have evaluated SU in WOIT,109,111 with increasing
rates of 2 week SU with increased duration of WOIT111,112 even when low-dose
(53 mg) WOIT is used.111

Sesame Oral Immunotherapy

One study with sesame OIT showed that 88.3% achieved full desensitization to
4000 mg sesame at end of dose escalation, and 100% of these individuals maintained
4000mg desensitization even with maintenance dose reduction to 1200mg for at least
6 months (compared with no controls).113

Tree Nut Oral Immunotherapy

One controlled study114,115 and one retrospective116 study evaluated tree nut OIT
(TNOIT). These have shown that walnut, cashew, and hazelnut OIT can induce desen-
sitization and increase tolerance thresholds,114–116 with possible increase with longer
duration of therapy.116 Additionally, walnut and cashew OIT can desensitize to coal-
lergic tree nuts.114,115 After walnut-specific TNOIT, 100% pecan, 93% hazelnut, and
60% hazelnut or cashew coallergic individuals were desensitized to the coallergic
nut(s).115 Following cashew-specific TNOIT, 100% pistachio and 50% walnut coaller-
gic patients were desensitized to their coallergic nut(s).114

Multifood Oral Immunotherapy

There has been one randomized trial evaluating the safety and efficacy of multifood
OIT as a sole therapeutic intervention compared with single food OIT.117 In this study,
up to 5 food allergens could be used with dose escalation to 4000 mg protein of each
allergen.117 Time to reach 300, 1000, 4000 mg, and a 10-fold increase in threshold
dose were significantly longer in the multifood OIT group compared with the single
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food OIT group (P � .005).117 Rates of reaction per dose did not differ significantly be-
tween the 2 groups (P 5 .31).117

Other Considerations

Modified food sources, adjuvants, and coadministration of other therapies to improve
OIT outcomes have been evaluated. Extensively hydrolyzed MOIT and EOIT did not
desensitize to intact protein,77,118 although partially hydrolyzed milk and wheat
OIT119 did improve tolerance threshold. Peanut plus probiotic OIT subjects achieved
desensitization, although there was no comparison with POIT alone.120 A preclinical
study in mice showed that nanoparticles containing peanut protected from
anaphylaxis.121

Coadministration of etokimab (IL33 antagonist) and omalizumab (IgE antagonist)
improved tolerance threshold in OIT patients,122,123 and omalizumab has also
decreased food reactions and improved safety in OIT.123 There are 3 current studies
underway to evaluate the effectiveness of omalizumab in multifood OIT, alone124–126

and in combination with a Chinese herbal.127 There are 3 planned studies looking at
dupilumab (IL4/13 antagonist), the first to evaluate if its concomitant use increases
the proportion of individuals on Palforzia OIT who pass a challenge at 4 months128

and the second to evaluate if peanut-allergic individuals can achieve full tolerance
without OIT.129 A third study will evaluate whether omalizumab plus dupilumab will
act synergistically to improve tolerance to 2 or more foods compared with omalizumab
alone.130

SUMMARY

OIT is an alternative treatment of IgE-mediated FA that has been shown to increase
tolerance threshold to many of the top food allergens, although this effect may be
dependent on age, dose, frequency, and duration. OIT has been shown to be effective
and safe in infants, and early initiation can improve rates of desensitization even for
those foods whose natural history favors loss of allergy. Studies looking at protocol
modification to improve OIT success are ongoing as is the evaluation of clinical tools
to help monitor OIT effects.

CLINICS CARE POINTS
� IgE-mediated FA prevalence is increasing across the globe, with no known cure. Avoidance
has been the historically sole treatment option.

� OIT is now an alternative treatment of IgE-mediated FA.

� OITeffects may be dependent on dose, duration, and frequency of dosing as well as patient-
specific factors, such as age and food-specific IgE levels.

� There is only one FDA-approved OIT product (Palforzia, for peanut); otherwise, OIT occurs
through use of commercially available food products.

� Multifood OIT protocols seem to be as safe as single-food protocols.

� Biological therapies may assist with tolerability of OIT protocols and further improve success
rates.

� Studies to date looking at SU and remission suggest that OIT will need to be continued in
some manner for most individuals for persistence of effects.

� Individuals who present with shortness of breath, wheezing, coughing, hives, nausea/
vomiting, swelling, and loss of consciousness following food ingestion should be
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evaluated for the potential of IgE-mediated FA. If diagnosed, they should also be counseled
on the availability of OIT as a treatment option and referred to an allergist for
comanagement.

� When a patient experiences systemic symptoms while undergoing OIT therapy, these
symptoms should be treated as with any other accidental ingestion, including the use of
epinephrine if warranted.

� If systemic symptoms are experienced during OIT, a detailed history is required to evaluate
for modifiable cofactors that can influence OIT dose reactivity, such as concurrent illness,
exercise/activities surrounding timing of dose, food ingestions, menstruation, and oral sores,
among others.

� Onset of abdominal pain and nausea/vomiting after initiation of OIT should prompt the
evaluation for OIT-adverse effects, such as eosinophilic esophagitis, which may necessitate
cessation of OIT therapy.

� If OIT protocol deviations are encountered and doses are missed, patients are at risk of
systemic reaction with reinitiation of dosing, and dosing should only be restarted under
the guidance of an allergist experienced in OIT.
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62. Boné Calvo J, Clavero Adell M, Guallar Abadı́a I, et al. As soon as possible in
IgE-cow’s milk allergy immunotherapy. Eur J Pediatr 2021;180(1):291–4.

63. Takaoka Y, Yajima Y, Ito YM, et al. Single-Center Noninferiority Randomized Trial
on the Efficacy and Safety of Low- and High-Dose Rush Oral Milk Immuno-
therapy for Severe Milk Allergy. Int Arch Allergy Immunol 2020;181(9):699–705.

64. Skripak JM, Nash SD, Rowley H, et al. A randomized, double-blind, placebo-
controlled study of milk oral immunotherapy for cow’s milk allergy. J Allergy
Clin Immunol 2008;122(6):1154–60.

65. Narisety SD, Skripak JM, Steele P, et al. Open-label maintenance after milk oral
immunotherapy for IgE-mediated cow’s milk allergy. J Allergy Clin Immunol
2009;124(3):610–2.
Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of Health and Social 
Security de ClinicalKey.es por Elsevier en julio 17, 2024. Para uso personal exclusivamente. No se 
permiten otros usos sin autorización. Copyright ©2024. Elsevier Inc. Todos los derechos reservados.

http://refhub.elsevier.com/S0025-7125(23)00129-3/sref48
http://refhub.elsevier.com/S0025-7125(23)00129-3/sref48
http://refhub.elsevier.com/S0025-7125(23)00129-3/sref48
http://refhub.elsevier.com/S0025-7125(23)00129-3/sref49
http://refhub.elsevier.com/S0025-7125(23)00129-3/sref49
http://refhub.elsevier.com/S0025-7125(23)00129-3/sref49
http://refhub.elsevier.com/S0025-7125(23)00129-3/sref50
http://refhub.elsevier.com/S0025-7125(23)00129-3/sref50
http://refhub.elsevier.com/S0025-7125(23)00129-3/sref50
http://refhub.elsevier.com/S0025-7125(23)00129-3/sref51
http://refhub.elsevier.com/S0025-7125(23)00129-3/sref51
http://refhub.elsevier.com/S0025-7125(23)00129-3/sref52
http://refhub.elsevier.com/S0025-7125(23)00129-3/sref52
http://refhub.elsevier.com/S0025-7125(23)00129-3/sref52
http://refhub.elsevier.com/S0025-7125(23)00129-3/sref53
http://refhub.elsevier.com/S0025-7125(23)00129-3/sref53
http://refhub.elsevier.com/S0025-7125(23)00129-3/sref53
http://refhub.elsevier.com/S0025-7125(23)00129-3/sref54
http://refhub.elsevier.com/S0025-7125(23)00129-3/sref54
http://refhub.elsevier.com/S0025-7125(23)00129-3/sref55
http://refhub.elsevier.com/S0025-7125(23)00129-3/sref55
http://refhub.elsevier.com/S0025-7125(23)00129-3/sref55
http://refhub.elsevier.com/S0025-7125(23)00129-3/sref55
http://refhub.elsevier.com/S0025-7125(23)00129-3/sref56
http://refhub.elsevier.com/S0025-7125(23)00129-3/sref56
http://refhub.elsevier.com/S0025-7125(23)00129-3/sref56
http://refhub.elsevier.com/S0025-7125(23)00129-3/sref57
http://refhub.elsevier.com/S0025-7125(23)00129-3/sref57
http://refhub.elsevier.com/S0025-7125(23)00129-3/sref57
http://refhub.elsevier.com/S0025-7125(23)00129-3/sref58
http://refhub.elsevier.com/S0025-7125(23)00129-3/sref58
http://refhub.elsevier.com/S0025-7125(23)00129-3/sref58
http://refhub.elsevier.com/S0025-7125(23)00129-3/sref59
http://refhub.elsevier.com/S0025-7125(23)00129-3/sref59
http://refhub.elsevier.com/S0025-7125(23)00129-3/sref59
http://refhub.elsevier.com/S0025-7125(23)00129-3/sref60
http://refhub.elsevier.com/S0025-7125(23)00129-3/sref60
http://refhub.elsevier.com/S0025-7125(23)00129-3/sref61
http://refhub.elsevier.com/S0025-7125(23)00129-3/sref61
http://refhub.elsevier.com/S0025-7125(23)00129-3/sref61
http://refhub.elsevier.com/S0025-7125(23)00129-3/sref62
http://refhub.elsevier.com/S0025-7125(23)00129-3/sref62
http://refhub.elsevier.com/S0025-7125(23)00129-3/sref63
http://refhub.elsevier.com/S0025-7125(23)00129-3/sref63
http://refhub.elsevier.com/S0025-7125(23)00129-3/sref63
http://refhub.elsevier.com/S0025-7125(23)00129-3/sref64
http://refhub.elsevier.com/S0025-7125(23)00129-3/sref64
http://refhub.elsevier.com/S0025-7125(23)00129-3/sref64
http://refhub.elsevier.com/S0025-7125(23)00129-3/sref65
http://refhub.elsevier.com/S0025-7125(23)00129-3/sref65
http://refhub.elsevier.com/S0025-7125(23)00129-3/sref65


Todoric & Merrill728
66. Yanagida N, Sato S, Asaumi T, et al. A Single-Center, Case-Control Study of
Low-Dose-Induction Oral Immunotherapy with Cow’s Milk. Int Arch Allergy Im-
munol 2015;168(2):131–7.

67. Miura Y, Nagakura KI, Nishino M, et al. Long-term follow-up of fixed low-dose
oral immunotherapy for children with severe cow’s milk allergy. Pediatr Allergy
Immunol 2021;32(4):734–41.

68. Bro _zek JL, Terracciano L, Hsu J, et al. Oral immunotherapy for IgE-mediated
cow’s milk allergy: a systematic review and meta-analysis. Clin Exp Allergy
2012;42(3):363–74.

69. Luyt D, Ball H, Makwana N, et al. BSACI guideline for the diagnosis and man-
agement of cow’s milk allergy. Clin Exp Allergy 2014;44(5):642–72.
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