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Clinical Problem

Food allergy is seen in 2% to 8% of the US population and con-
tinues to increase.1–3 Patients with food allergy often have an
impaired quality of life and may experience nutritional deficiencies.4,5

Currently, there are no US Food and Drug Administration–approved
treatments for food allergy, and it is recommended that patients
practice allergen avoidance and carry epinephrine for use in case
of severe reaction to unintentional allergen exposure.6 The life-
style of allergen avoidance presents a challenge and often causes
anxiety for patients and caregivers.4,7 Oral immunotherapy (OIT) is
currently being investigated as a treatment for food allergy. OIT in-
volves consuming the food allergen in gradually increasing doses.8,9

Although protocols vary, OIT generally begins with an initial esca-
lation phase, which is conducted under observation in a controlled
setting (eg, a clinic or hospital). This is followed by a build-up phase
of several weeks or months, during which doses given at home are
interspersed with incremental escalation doses given under super-
vision at a clinic. The final phase is a maintenance phase.8,9

The efficacy of OIT depends on individual treatment goals, but
a commonly reported end point is desensitization, a temporary state
in which the patient can safely consume a prespecified amount of
antigen without reaction as assessed by oral food challenge.10

Successful desensitization, as defined by the individual study pro-
tocols, has been reported at rates ranging from approximately 40%
to 90%.10 To maintain a state of desensitization, patients must con-
tinue to regularly consume the food allergen. The capacity of OIT
to produce long-lasting efficacy after treatment cessation, an
outcome clinically termed sustained unresponsiveness, is currently
unclear. Sustained unresponsiveness after a period of avoidance
lasting 1 to several months has been reported by several studies,
but at rates generally lower (27%–50%) than those for desensitiza-
tion after therapy of varying durations.11–14 However, a recent study
of peanut OIT in children 9 to 36 months of age reported 91% of
patients achieved sustained unresponsiveness 1 month after treat-
ment, suggesting that a more durable response may be achievable
in younger patients.15

Although efficacy data are promising, adverse events (AEs) may
limit the use of OIT in routine clinical practice.16 Approximately 90%
of participants in clinical trials of OIT for food allergy experience
AEs, with local symptoms, such as abdominal pain or oral pruri-
tus, being the most common.5,16 Abdominal pain and gastrointestinal
(GI) symptoms are often cited as the reason for treatment discon-
tinuation in studies of OIT.5,8,17 Eosinophilic esophagitis (EoE) has
also been reported in several studies of OIT.5

EoE is a chronic, immune-mediated disease characterized by eo-
sinophil infiltration of the esophagus and symptoms that include
abdominal pain, vomiting, reflux, anorexia, dysphagia, food impac-
tion, and chest pain.18 However, clinical presentation varies by age.
Infants present mainly with feeding dysfunction, school-aged chil-
dren with vomiting and abdominal pain, and adolescents with
dysphagia and food impaction.19 In adults, dysphagia is the most
common symptom.20 A diagnosis of EoE requires confirmation by
biopsy, with specimens showing at least 15 eosinophils per high-
power field and the exclusion of proton pump inhibitor–responsive
esophageal eosinophilia.18 Untreated EoE is a risk factor for
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esophageal stricture, narrow-caliber esophagus, food impaction, and
esophageal perforation.18

The clinical presentation of EoE is similar in symptoms to the
known GI AEs of OIT. Furthermore, EoE is frequently associated with
food allergy; the prevalence of EoE is significantly higher in pa-
tients with IgE-mediated food allergy than the general population
(1 in 20 vs 1 in 2,500).21 In a 2014 meta-analysis of 12 OIT studies
for food allergy, biopsy-confirmed EoE occurred in 2.7% of patients.22

An additional recent prospective study of 128 patients undergo-
ing OIT reported a prevalence of biopsy-confirmed EoE of 4.69%.23

Although many patients undergoing food immunotherapy have
GI symptoms that are possibly related to EoE, relatively few pa-
tients undergo endoscopy, so the actual rate of EoE is unknown. In
addition, OIT-associated symptoms possibly related to EoE often
abate once OIT is discontinued.24 We sought to better characterize
the incidence of EoE and symptoms possibly related to EoE in pa-
tients undergoing OIT for common food allergies (milk, egg, and
peanut) and to provide guidance on how to monitor and treat these
patients.

Strategies and Evidence

Methods

To assess the incidence of symptoms possibly related to EoE during
OIT, we performed a search of the MEDLINE and Cochrane data-
bases using the following terms on May 10, 2017: (oral OR sublingual)
AND (immunotherapy OR tolerance OR desensiti*) AND (peanut OR
milk OR egg). No time limit was imposed on the search. Articles were
filtered to exclude duplicates and include only English-language,
human studies with full text available online, either freely or for
purchase. Included studies were of patients with IgE-mediated egg,
milk, or peanut allergy undergoing OIT. Prospective, retrospective,
and case studies were included. Studies that focused exclusively on
sublingual immunotherapy were excluded, as were studies that did
not describe AEs. References reporting on the same study popula-
tion were combined. Abstract books from the annual meetings of
the American Association of Allergy, Asthma & Immunology (AAAAI),
European Academy of Allergy and Clinical Immunology (EAACI), and
American College of Allergy, Asthma & Immunology (ACAAI) were
manually searched for relevant abstracts that contained data yet to
be published in manuscript form for the years 2015 to 2016 for EACCI
and ACAAI and 2015 to 2017 for AAAAI.

The article search yielded 282 citations from the Cochrane da-
tabase and 1,309 from MEDLINE, for a total of 1,591 references
(eFig 1). From these, 99 studies met the inclusion criteria and are
reviewed in eTable 1. Several studies reported overall AE rates but
did not describe these events by organ system affected or specific
symptoms and were excluded from the review. The abstract search
resulted in the identification of 16 eligible abstracts. Six refer-
ences provided additional data on a previously published study

population and were combined with the original report, resulting
in 110 total studies.

Data extracted from each study where available included overall
discontinuation rate, overall rate of symptoms possibly related to
EoE (general GI symptoms or, depending on how data were col-
lected, abdominal pain, nausea, vomiting, anorexia, or reflux), rate
of discontinuation attributable to symptoms possibly related to EoE,
and rate of biopsy-confirmed EoE. Each rate was determined sep-
arately from only those studies that reported each end point of interest
(eg, only patients from studies outlining reasons for discontinua-
tion were included in the denominator for the determination of rate
of discontinuation attributable to symptoms possibly related to EoE).
Rates of specific AEs were assessed on a per-patient basis. Data from
studies that reported AEs as a percentage of total OIT doses were
not included in the estimate of AE rates. Studies with similar AE
reporting methods were combined to estimate overall rates of AEs.
Data from studies that reported AEs by organ system (general GI
symptoms) were not combined with those from studies that re-
ported specific symptoms (eg, abdominal pain, vomiting).

Results

AE reporting was inconsistent, with 72 studies (N = 3,084) re-
porting AEs per patient, 25 (N = 994) reporting AEs as a percentage
of total OIT doses, and 14 (N = 803) describing AEs that led to dis-
continuation or cases of EoE without providing overall specific AE
rates. Of the studies that reported AEs per patient, 20 described AEs
by organ system (N = 2,239), 42 by specific symptom (N = 738), and
10 reported no AEs with OIT (N = 107). Of the specific AEs of in-
terest, only abdominal pain and vomiting were reported consistently,
so rates were estimated only for these events. The overall rates per
patient for symptoms possibly related to EoE were 34% for general
GI symptoms, 32% for abdominal pain, and 12% for vomiting
(Table 1). Rates of abdominal pain were similar among food aller-
gies treated (egg, 28%; milk, 30%; peanut, 40%), but vomiting
occurred more frequently with egg and peanut (17% and 20%, re-
spectively) than with milk (1%) (Table 1).

A discontinuation rate was reported in 107 (N = 3,734) of the in-
cluded studies and was approximately 14.1% overall. Reasons for
discontinuation were provided in 82 studies (N = 2,424), which in-
dicated that symptoms possibly related to EoE (abdominal pain,
nausea, and/or vomiting, or general GI symptoms) led to discon-
tinuation in approximately 4.7% of patients. In 18 studies (N = 663)
biopsies were conducted to confirm a diagnosis of EoE. EoE was con-
firmed in 35 cases total, for a combined rate of approximately 5.3%
of patients undergoing OIT. Not every patient diagnosed with EoE
discontinued treatment (29 of 35 patients [83%] with confirmed EoE
discontinued treatment). The rate of discontinuation attributable
to a diagnosis of EoE or symptoms possibly related to EoE was 5.6%
(Table 1).

Table 1
Summary of Safety Data From OIT Studies of Patients With Egg, Milk, or Peanut Allergya

Rate Discontinuation (any reason), % SPR-EoE, % EoE (biopsy), % Discontinuation cause, %

Organ system Specific symptom SPR-EoE EoE or SPR-EoE

GI symptoms Abdominal pain Vomiting

Overall 14 34 32 12 5.3 4.7 5.6
Egg 11 NDb 28 17 4.2 2.7 3.1
Milk 12 18 30 1 5.4 3.9 4.6
Peanut 16 56 40 20 5.2 6.7 8.5

Abbreviations: AE, adverse event; EoE, eosinophilic esophagitis; GI, gastrointestinal; ND, not determined; OIT, oral immunotherapy; SPR-EoE, symptoms possibly related to
EoE.
aRates were derived from separate sample populations based on data availability and AE reporting.
bRate of GI symptoms could not be determined for egg OIT because no studies of egg OIT reported AEs per patient by organ system.
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Discussion

For most patients with symptoms possibly related to EoE, an en-
doscopy with biopsy is not performed; therefore, a confirmed
diagnosis of EoE cannot be made, complicating estimates of true
prevalence. The number of patients discontinuing study participa-
tion because of symptoms possibly related to EoE without a
confirmed diagnosis is also unknown because studies frequently do
not report the reason for discontinuation. In addition, many pa-
tients have symptoms that are not reported in studies because they
may occur after long-term allergen exposure, potentially beyond
the follow-up period.25 For those patients who are diagnosed with
EoE during or after OIT, identifying a clear association between EoE
and OIT treatment may not be possible. Endoscopies are not rou-
tinely performed before OIT, so the presence of EoE at baseline
cannot be ruled out. However, regardless of whether these symp-
toms are truly attributable to EoE, they tend to resolve on their own
after termination of OIT.24

To better understand the prevalence of EoE and symptoms pos-
sibly related to EoE during studies of OIT, a broad literature search
was conducted. This analysis has several limitations. The rates re-
ported here are estimates from a large and heterogeneous segment
of the literature and did not take into consideration differences in
OIT dosing, study design or duration, concomitant medication, base-
line demographics or comorbid conditions of the individual study
populations, or the severity of the AEs reported. In addition, the chro-
nicity of the symptoms examined here is not known because the
number of events per patient is not frequently reported. This in-
formation would be useful in estimating the prevalence of EoE
because, as a chronic disease, EoE may be indicated by persistent
symptoms.18 Discontinuations because of symptoms possibly as-
sociated with EoE may be informative, with the assumption that
symptom persistence ultimately led to discontinuation, but the full
clinical picture for each patient is unknown and results should be
interpreted with caution.

Currently, there is no approved option for the treatment or pre-
vention of food allergy.6,16 Because of the risk of severe reactions,
US and European guidelines note traditional immunotherapy should
only be used in highly controlled settings.6,16 There are no guide-
lines for the management of symptoms possibly related to EoE
during OIT. A high percentage (approximately 30%) of patients ex-
perience GI symptoms during OIT, limiting its efficacy. Patients
should be monitored closely. EoE treatment can involve removal of
the offending food from the patient’s diet and treatment with topical
steroids.18 If symptoms possibly related to EoE develop or if EoE is
confirmed by biopsy, stopping OIT should be considered, thus re-
moving the possible trigger. Prompt diagnosis and management are
important because untreated EoE is a risk factor for esophageal
strictures.18

Conclusions and Recommendations

OIT can lead to desensitization in patients with food allergy but
is associated with tolerability issues and a risk of serious AEs, in-
cluding anaphylaxis.5 Symptoms possibly related to EoE present a
safety concern because OIT is a risk factor for the development of
EoE. Clinical symptoms of EoE may occur at any time during OIT
dosing and up to more than a year after protocol completion.23 This
analysis focused on the incidence of general GI symptoms, abdom-
inal pain, and vomiting because these were the most consistently
reported symptoms that could be possibly related to EoE. Because
most OIT studies are conducted in children, available AE data on
the incidence of abdominal pain and vomiting, the most common
symptoms associated with EoE in this age group, are of particular
interest.19 On the basis of this analysis, the rate of EoE or symp-
toms possibly related to EoE can vary from a low of 5.1% based on

confirmed cases to a high of 34% based on symptoms possibly related
to EoE experienced by patients receiving OIT. Delays in the appear-
ance of symptoms and protocol discontinuations because of GI
symptoms without diagnostic endoscopy likely result in EoE being
underreported in studies of OIT. It is important to note, however,
that symptoms described here as possibly related to EoE may not
in fact be caused by EoE and that patients may experience GI symp-
toms during OIT that are not associated with EoE. In addition, several
studies do not report patient reasons for discontinuation, so the true
rate of discontinuation attributable to symptoms possibly related
to EoE is difficult to determine. More specific and consistent re-
porting of AEs during studies of OIT and the inclusion of long-
term follow-up are warranted to better understand the prevalence
of EoE. However, on the basis of this review of the literature, the
rate of symptoms possibly related to EoE is high. A study directly
comparing OIT and sublingual immunotherapy reported a higher
rate of GI symptoms with OIT during escalation and maintenance
than with sublingual immunotherapy.14 Patients should be noti-
fied of this potential AE of therapy as part of the informed consent
process and monitored closely during and in the years after OIT. If
symptoms are present, clinicians should collaborate with patients
and caregivers regarding options, including a diagnostic endosco-
py to confirm EoE and/or elimination of the food allergen,
considering the severity of the symptoms, the response to treat-
ment, and the patient/caregiver goals for food allergy management.

Supplementary Data

Supplementary data related to this article can be found at https://
doi.org/10.1016/j.anai.2017.11.016.
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Supplementary Data

eFigure 1. Flow diagram of search results and included publications. AE, adverse event; OIT, oral immunotherapy.
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eTable 1
Safety Data for Patients Receiving Immunotherapy During OIT Clinical Studies

Food No. of patients EoE-PRS, No. (%) Discontinued, No. (%) No. of patients with EoE Discontinuation reason, No.

EoE-PRS EoE or EoE-PRS

Egg1 18 AP: 6 (33); V: 4 (22) 3 (17) 0 0
Peanut2 22 AP: 11 (50); N, V: 4 (18) 1 (5) 1 1
Peanut3 94 AP: 54 (57); N: 31 (33); V: 31 (33) 8 (9)
Milk4 18 AP: 5 (28); V: 4 (22) 1 (6) 1 0 1
Peanut5 11 NR 2 (18) 1 1
Egg6 7 AP: 5 (71); V: 2 (29) 0 (0) 0 0
Peanut7 13 NR 2 2 4
Egg8 17 V: 1 (6); AP: 2 (12) 1 (6) 0 0
Milk9 10 AP: 3 (43) 2 (20) 0 0
Peanut10 4 AP: 2 (50); N: 1 (25); V: 1 (25) 0 (0) 0 0
Egg11 10 AP: 2 (20) 0 (0) 0 0
Milk12 14 V, AP: 1 (7) 1 (7) 1 1
Egg/Milk13 128 NR NR 6
Milk14 195 GI: 17 (9) 14 (7)
Milk15 112 GI: 8 (7) 13 (12)
Peanut16 100 GI: 40 (40) 7 (7) 4 4
Egg17 40 AP: 12 (30); V: 6 (15) 3 (8) 1 2 3
Egg18 23 AP: 10 (43); N: 1 (4); V: 6 (26) 1 (4) 1 1
Milk19 36 GI: 14 (39) 3 (8) 2 2
Egg20 15 V: 1 (7) 4 (27) 0 0
Milk21 15 GI: 5 (33) 11 (73) 3 3
Milk22, 23 57 NR 3
Egg24 6 AP, V: 4 (67) 0 (0) 0 0
Milk25 10 GI: 0 2 (20) 0 0
Milk26 32 GI: 8 (25) 5 (16)
Milk27 74 AP: 49 (66); N: 28 (38) 13 (18)
Milk28 76 GI: 20 (26) 12 (16)
Peanut29 39 Build-up: AP: 16 (41); N: 5 (13); V: 4 (10)

Maintenance: AP: 6 (18); N: 2 (6); V: 2 (6)
11 (28)

Egg30 17 AP: 12 (71); N: 2 (12); V: 10 (59) 3 (18) 1 1
Milk31 280 NR 39 (14) 8 8
Milk32 30 Escalation: AP: 23 (77)

Maintenance: AP: 14 (47)
3 (10)

Milk33 50 GI: 11 (22) 18 (36) 4 4
Peanut34 37 NR 3 (8) 2 1 3
Peanut35 1 GI:0 0 (0) 0 0
Milk36 30 GI: 9 (30) 1 (3)
Milk37 4 AP: 1 (25) 0 (0) 0 0
Egg 9 AP: 1 (11) 0 (0)
Milk38 5
Milk39 21 AP: 3 (14); V: 1 (5) 3 (14) 1 1
Egg40 10 AP, V: 2 (20) 1 (10) 0 0
Egg/Milk41 4 AP: 3 (75) 0 (0) 0 0
Milk42 20 V: 0 (0) 6 (0)
Milk43 1 V: 1 (100) 1 (100) 1 0 1
Milk44 82 GI: 21 (26) 13 (16) 6 6
Milk45 30 GI: 6 (16) 0 (0) 0 0
Egg 49 NR
Milk46 27 3 (11) 2 2
Milk47 11 NR 1 (9) 1 1
Milk48 3 GI: 0 0 (0) 0 0
Milk49 1 GI: 0 0 (0) 0 0
Milk50 1 N: 1 (100) 0 (0) 0 0
Peanut51 1 AP, N, V: 1 (100) 0 0 0
Milk52 20 GI, 3 years: 4 (20), N = 20 2 (10)

GI, 4 years: 3 (18), N = 17
GI, 5 years: 1 (8), N = 13
GI, 7 years: 2 (13), N = 16

0 0

Milk53 15 AP: 5 (33) 5 (33) 0 0
Milk54 45 AP, viral: 1 (25) 0 (0) 0 0
Milk55 4 GI: 0 0 (0) 0 0
Peanut56 1 GI: 0 0 (0) 0 0
Milk 5 AP: 1 (20) 2 (33) 0 0
Egg57 6 AP: 1 (17)
Milk58 1 N: 1 (100) 0 (0) 0 0
Egg59 1 R: 1 (100) 0 (0) 1 0 0
Egg60 17 AP: 9 (53); V: 3 (18) 3 (18)
Milk61 24 GI: 16 (67) 2 (8) 2 2
Milk62 3 AP: 2 (67); A: 1 (33) 3 (100) 3 0
Milk63 40 NR 8 (20) 3 3
Milk64 26 NR 6 (23) 2 2
Peanut65 13 NR 1 (8) 1 1

(continued on next page)
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eTable 1 (continued)

Food No. of patients EoE-PRS, No. (%) Discontinued, No. (%) No. of patients with EoE Discontinuation reason, No.

EoE-PRS EoE or EoE-PRS

Peanut66 3 AP: 1 (33); V: 1 (33) 3 (100) 3 0 3
Egg/Milk67 25 N: 6 (24); V: 6 (24) 9 (36)
Egg/Wheat/Milk68 5 GI: 5 (100) 0 (0) 0 0
Peanut69 31 AP: 3 (9); V: 1 (17) 3 (10) 0 0
Egg70 8 AP: 4 (50); V: 2 (25) 2 (25) 0 0
Peanut71 4 V: 1 (100) 1 (100) 0 0
Peanut72-74 104 GI: 51 (49) 21 (20) 2 8 10
Milk75 18 AP: 2 (11); N: 1 (6); V: 1 (6) 1 (6) 0 0
Milk76 1 N: 1 (100) 1 (100) 1 0 1
Peanut77 29 GI: 21 (72) 6 (21) 6 6
Peanut78 49 NR 5 (10) 4 4
Egg/Milk79, 80 63 NR 7 (11) 3
Peanut81 177 GI: ~120 (68) NR
Egg 427 V, eosinophilia: 98 (23) 29 29
Milk Milk: 7 (7.7)
Peanut Peanut: 29 (12.5)
Cashew82, 83 Cashew: 1 (5.6)
Egg 45 GI: 0 0 (0)
Milk84 32 1 (3)
Peanut85 33 GI: 4 (12)
Peanut86 21 AP: 1 (5) 10 (48)
Milk87,88 4 GI: 0 0 (0) 0 0
Peanut89 662 GI: 382 (58) NR
Peanut90 4 GI: 0 0 (0) 0 0
Milk91 2 GI: 0 0 (0) 0 0
Milk92 132 GI: 28.8 4 (3)
Milk93 209 % of reactions:

Mild: 43% GI
Mod: 40% GI
Severe: 20% GI

Peanut 15 AP/V: ~2% 3 (20) 0 0
Multiple94 25 AP/V: ~2% 3 (25)
Peanut95 23 GI: ~1 8 (35)
Egg96 40 GI: 5.5 6 (15) 4
Egg97 30 GI: 4 2 (7) 2 2
Peanut98 28 GI: ~1.2 5 (18) 1
Peanut99 6 GI: 16 2 (33) 0 0
Egg100 34 GI: 0.3 9 (26) 0 0
Milk (OIT Phasea)101 20 GI: ~4.2 2 (7) 1 1
Milk102 25 GI: 33 0 0 0
Peanut (OIT/SLITb)103 20 GI: ~6 4 (36) 3 3
Milk104 15 GI: 3.7 1 (7) 1 1
Peanut105 18 N: 13; V: 13 2 (11) 2 2
Egg106 31 GI: 55.1 0 (0) 0 0
Egg107 19 GI: 23 2 (11) 1 1
Milk108 13 GI: 19 1 (8) 0 0
Egg109 30 GI: 0.29 1 (3) 0 0
Egg110 50 GI: 2.9 18 (36)
Milk111 81 AP: 1.2; V: 0.97 6 (7) 1
Peanut112 37 AP: 0.17; N/V: 0.08 5 (14) 1 1 2
Milk113 57 GI: 1.7 7 (12) 1 1 2
Milk114 12 GI: 4.2 0 (0) 0 0
Peanut115 24 AP: 5.2; N/V: 0.15 1 (4) 1 1

Abbreviations: A, anorexia; AP, abdominal pain; EoE, eosinophilic esophagitis; GI, gastrointestinal symptoms; N, nausea; NR, not reported; OIT, oral immunotherapy; PRS,
potentially related symptoms; SLIT, sublingual immunotherapy; V, vomiting.
aIncludes only patients receiving OIT doses (patients receiving sublingual immunotherapy excluded).
bIncludes only patients receiving OIT or OIT in combination with sublingual immunotherapy (patients receiving sublingual immunotherapy alone excluded).
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