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Purpose of review

The present review serves to outline the direction of food allergy immunotherapy research with an emphasis
on clinical and immunologic outcomes. It helps to delineate sustained unresponsiveness achieved from food
immunotherapy as the clinical outcome most similar to immune tolerance.

Recent findings

We will discuss the difference between immune tolerance, desensitization, and sustained unresponsiveness
in relation to food immunotherapy by discussing the clinical and immunologic changes which have been
recently discovered.

Summary

Research has recently shown that oral immunotherapy is most efficacious clinically at achieving
desensitization to a food and sustained unresponsiveness.
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INTRODUCTION

Between 1997 and 2011, the Centers for Disease
Control and Prevention reported an increased prev-
alence of food allergies from 3.4 to 5.1% [1]. Recent
studies have reported a further increase in food
allergy prevalence, with 8% in children and 11%
in adults [2

&

,3
&

]. The rising prevalence has led to the
investigation of potential treatment options. At this
time, standard of care for food allergies is strict food
allergen avoidance and immediate treatment of
anaphylactic reactions with intramuscular epineph-
rine [4,5]. Currently, there are no Food and Drug
Administration (FDA) approved treatments for food
allergies; however, significant advances in food
immunotherapy research have been made in the
field of oral, sublingual, and epicutaneous immuno-
therapy [5,6

&

,7,8].
At the basis of immunotherapy are the concepts

of immune tolerance, desensitization, and sustained
unresponsiveness. Immune tolerance, seen in non-
food allergic individuals, is the absence of immune
reactivity to a food antigen, and the ability to con-
sume food ad lib without clinical symptoms. Desen-
sitization is the primary goal of immunotherapy in
patients lacking immune tolerance to a food. Food
rs Kluwer Health, Inc. All rights rese
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desensitization is a temporary state of antigen hypo-
responsiveness, achieved and maintained by daily
administration of the food. Interruption of dosing
can lead to a loss of this desensitization. The second
goal of immunotherapy is sustained unresponsive-
ness, which is similar to tolerance, except that it is
achieved in food allergic individuals who have been
successfully desensitized following food immuno-
therapy. To assess sustained unresponsiveness, an
individual undergoing food immunotherapy must
be able to stop therapy for a minimum 1–2 months
and ingest the food allergen without clinical
reactivity [9

&&

].
Clinical trial outcomes for oral, sublingual, and

epicutaneous immunotherapy for various food
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KEY POINTS

� Food allergen immunotherapy is an upcoming treatment
for food allergy, which encourages an immunologic
change to allow the development of desensitization
and sustained unresponsiveness to previously allergenic
food protein.

� The basic mechanism of action of immunotherapy is
that dendritic cells in the gut, mucosa, or skin take up
the food allergen and present them in the lymphatic
system where there is contraction of the allergen
specific T cells and effector cells and expansion of the
tolerogenic T cells, B cells, and effector cells.

� Of the types of immunotherapy, OIT appears to have
the most convincing research showing its efficacy in
desensitizing a patient and building sustained
unresponsiveness. However, it also has a larger side-
effect profile compared to EPIT and SLIT. EPIT and SLIT
have a smaller side effect profile, but the recent studies
indicate less efficacy compared to OIT.

Allergy, immunology and related disorders
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antigens have been published and have reported the
overall outcomes of desensitization for the different
forms of treatment (Table 1). So far, it has been
shown that desensitization can be achieved with
immunotherapy; however, sustained unresponsive-
ness is still a challenge and has been reported from
27 to 50% in children and adults and up to 78% in
the preschool age group [10

&&

]. At this time, immu-
notherapy for food allergies are still under evalua-
tion by the FDA, but they may be approved in the
near future. It is important to understand the under-
lying immune modulations associated with these
treatments that help promote desensitization. This
review will discuss how different forms of immuno-
therapy achieve desensitization and sustained unre-
sponsiveness, and the clinical and immunologic
outcomes.
Table 1. Immunotherapy methods for food allergies

Immunotherapy
characteristics Oral immunotherapy

Daily food protein Doses 300–4000 mg

Foods studied Cow’s milk, egg, peanut, walnut,
cashew, wheat

Route of delivery Powder

Common side effects Oral or gastrointestinal most common;
systemic reactions possible including
anapylaxis

Clinical Desensitization 70–90% [9&&,22&,27,28,47&&,48]

Sustained Unresponsiveness 27–78%, dependent on age [10&&]
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MECHANISM OF ACTION

The immune system is continuously exposed to vari-
ous antigens and depending on the presentation, it
determines whether the antigen is either innocuous
or harmful. In patients exhibiting food tolerance, the
immune system recognizes the food as nonthreaten-
ing. However, in food allergic patients, the immune
system has a heightened response to the unique
peptides that make up the food protein which subse-
quently leads to an allergic response, such as anaphy-
laxis. The mechanism of immunotherapy is to
desensitize the immune system’s hyperresponsive-
ness to an antigen and allow for allergen exposure
without clinical reactivity. The immunomodulatory
mechanisms behind immunotherapy differ depend-
ing on the form of immunotherapy.

In oral immunotherapy (OIT), the ingested aller-
gen is taken up by gastrointestinal dendritic cells in
the lamina propria of the small intestines [11]. The
dendritic cells process the antigen and transfer to
lymphoid tissue, where they present the antigen to
CD4þ T cells in the mesenteric lymph nodes. The T-
cell response includes initial expansion of the aller-
gen-specific T helper 2 cells and effector cells, such as
basophils, mast cells, and eosinophils early in OIT.
However, later during OIT buildup, contraction of
the T helper 2 cells leading to suppression of the
effector cells, their cytokines and B cells producing
allergen-specific immunoglobulin E (IgE). Addition-
ally, there is upregulation of allergen-specific immu-
noglobulin G4 (IgG4) from B cells and
hypomethylation of the transcription factor fork-
head box protein 3 (FOXP3) thus leading to an
expansion of antigen specific T regulatory cells, thus
promoting successful desensitization and potentially
sustained unresponsiveness [11–16]. Adjuvants used
during OIT, such as anti-IgE (omalizumab) or pro-
biotics have also demonstrated increased efficacy and
safety of OIT through specific and nonspecific
Sublingual immunotherapy Epicutaneous immunotherapy

2–7 mg 50–500 mcg

Cow’s milk, peanut, hazelnut,
peach

Cow’s milk, peanut

Liquid drops Patch

Oral or local pharyngeal
effects

Local skin

10–70% [42,44] 14–60%, depending on age
[38&&,39,49]

�10% [46,51] Unknown
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modulation of immune effector components. unre-
sponsiveness [17,18,19

&

,20
&

,21,22
&

].
As for sublingual immunotherapy (SLIT) and

epicutaneous immunotherapy (EPIT), the allergen
is taken up by Langerhans cells in the oral mucosa
and epidermis, respectively. The Langerhans cells
from the oral mucosa stimulated by SLIT present
antigen to T cells in the submandibular lymph
nodes, and the Langerhans cells from the epidermis
stimulated by EPIT present antigen to T cells in the
regional lymph nodes, which lead to similar
changes in allergen specific, T helper 2, effector cells,
allergic specific IgE, and IgG4 responses.
BASICS OF ORAL IMMUNOTHERAPY

Of the different forms of food immunotherapy, oral
immunotherapy (OIT) has been the most extensively
researched. OIT has been studied with peanut,
cashew, walnut, cow’s milk, egg, and wheat. OIT
protocols start with the daily ingestion of a small
amount of food protein and doses are increased every
2–4 weeks until a target dose is achieved. This is
known as the OIT ‘build-up phase’, which lasts
approximately 6–12 months. The majority of
patients react during the build-up phase and may
experience mild oropharyngeal itching, urticaria,
abdominal pain, and/or nausea. The prevalence of
eosinophilic esophagitis associated with OIT is 2.7%
[23]. Risk of anaphylaxis can be increased when doses
are taken on an empty stomach, during illness and/or
fever, during menstruation, or right before exercise.
The target dose of OIT ranges from minimum of
300 mg, which is the equivalent of two to three small
peanuts and the threshold of cross-contamination, to
a maximum of 4000 mg. The patient remains on this
daily ‘maintenance dose’ for months to years. To
assess sustained unresponsiveness following OIT,
the patient undergoes a ‘wash-out period’ by discon-
tinuing treatment for a few weeks or months prior to a
food challenge. This food challenge assesses whether
a desensitized patient can achieve sustained unre-
sponsiveness, which includes clinical tolerance with-
outcontinueddailyallergendosing. Thesafetyprofile
for OIT is lessdesirable whencompared toother forms
of immunotherapy. The efficacy of OIT is favorable
with 70–90% of patients achieving desensitization;
however, sustained unresponsiveness is typically
less than 50% of subjects but higher in the preschool
age group [14,24–28,29

&

,30–32,33
&

,34,35
&

,36
&

].
BASICS OF EPICUTANEOUS
IMMUNOTHERAPY

Epicutaneous immunotherapy (EPIT) utilizes a novel
antigen delivery method through the skin as a way to
1040-8703 Copyright � 2019 Wolters Kluwer Health, Inc. All rights rese
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increase an individual’s threshold of reactivity to a
food allergen. In EPIT, the allergen binds to an adhe-
sive patch via electrostatic force. The patch is placed
on the interscapular area or the back of the arm.
Condensation from the patient’s sweat releases the
allergen from the patch to the surface of the skin [37–
39]. The daily maintenance dose studied in EPIT has
ranged from 50 to 500 mg, with the maintenance dose
of 250 mg selected because of optimal efficacy and
lowest adverse events. EPIT has been studied for IgE-
mediated peanut and cow’s milk allergy and eosino-
philic esophagitis. In recent peanut EPIT trials,
patients typically received 250 mg of the peanut pro-
tein adhered to the patch and underwent a build-up
and maintenance phase. During the build-up phase,
the patch was worn for 3 h on Day 1 under medical
supervision, followed by 6 h per day during the first
week, 12 h per day during the second week, and then
24 h per day, with a new patch applied in a different
location of the interscapular region or back of the
arm, thus beginning the maintenance period. Over-
all, the safety profile of EPIT is considered favorable
compared to OIT, with most patients experiencing
only local skin reactions. Activity is not restricted
with EPIT. The efficacy of EPIT, however is more
modest compared to OIT. Sustained unresponsive-
ness has not been assessed in patients undergoing
EPIT trials [37–40].
BASICS OF SUBLINGUAL
IMMUNOTHERAPY

Sublingual immunotherapy (SLIT) entails a patient
placing a liquid extract of food protein sublingually
for a few minutes and then swallowing it. Depend-
ing on the antigen, the starting doses ranged from
2�10�11 to 1.65�10�7 dose is started in the range
of micrograms and then gradually increased every
2 weeks in an escalation phase and maintained at a
daily dose [9

&&

,41–42]. The maintenance dose is
considerably smaller than OIT doses ranging from
2 to 7 mg/day of food protein [34,43–44]. SLIT has
been studied in peanut, cow’s milk, hazelnut, and
peach allergic patients. The safety profile of SLIT is
much more favorable than OIT, with primarily tran-
sient oropharyngeal symptoms reported in more
than 95% of subjects. Patients taking SLIT treatment
are advised to avoid eating for 30 min after dose
administration. Overall, SLIT studies have demon-
strated less desirable efficacy [41,44,45

&

].
CLINICAL OUTCOMES OF ORAL
IMMUNOTHERAPY

When comparing the clinical outcomes for the
different forms of immunotherapy, OIT is superior
rved. www.co-pediatrics.com 3
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to SLIT and EPIT, with 70–90% of patients achieving
desensitization, compared to 10–70% and 35%% in
SLIT and EPIT patients, respectively [38

&&

,44,46]. A
recently published phase III peanut OIT trial dem-
onstrated safety and efficacy of peanut OIT in pea-
nut allergic children and adults. The study included
551 patients reacting to 100 mg or least with initial
peanut double-blind, placebo-controlled food chal-
lenge (DBPCFC). Subjects were randomized to pea-
nut OIT or placebo at a maintenance dose of 300 mg
daily for 24 weeks and then underwent a DBPCFC to
assess desensitization. Responders were defined as
patients tolerating at least 600 mg of a peanut chal-
lenge dose without symptoms. When comparing
treated pediatric patients (4–17 years) with placebo
patients, the study demonstrated good efficacy with
63.2% more patients on treatment tolerating a dose
at least 600 mg of peanut protein without dose-
limiting symptoms and lower symptom severity
during the exit food challenge than placebo. Effi-
cacy was not significant in the group more than
18 years of age. Adverse events occurred in the
majority of subjects during the intervention period,
with most being mild to moderate [47

&&

].
Desensitization by OIT has been promising with

good efficacy, however sustained unresponsiveness
has been variable, ranging from 27 to 78% depend-
ing on the food, duration off treatment and age. A
pilot study assessing sustained unresponsiveness in
39 patients between 1 and 16 years of age treated for
5 years with peanut OIT demonstrated outcomes in
24. Twelve of 24 successfully passed a DBPCFC one
month after stopping OIT and were labeled as sus-
tained nonresponders. It was noted that patients
who achieved sustained unresponsiveness had
smaller skin test wheal sizes [48]. In 2017, Vickery
et al. enrolled 40 peanut allergic children between 9
and 36 months and treated with daily maintenance
doses of 300 mg (n¼20) or 3000 mg (n¼20) for
3 years, followed by a 1-month avoidance period
and a food challenge. Thirty-seven (81%) patients
achieved successful desensitization (low-dose¼17/
20; high-dose¼13/17). Sustained unresponsiveness
after 4 weeks of peanut avoidance was achieved
in 71% of the high-dose group and 85% in the
low-dose group [10

&&

].
OIT studies have also assessed efficacy of treat-

ment and speed at which maintenance is achieved
when using the adjuvant omalizumab (monoclonal
anti-IgE) prior to initiating single or multifood OIT
in food allergic subjects [19

&

,20
&

,21,22
&

]. In the
study by MacGinnitie et al., 79% of subjects receiv-
ing omalizumab for 12 weeks successfully achieved
rapid peanut OIT desensitization (2 g of peanut pro-
tein) 6 weeks after stopping omalizumab compared
to 12.5% of peanut OIT treatment with placebo
4 www.co-pediatrics.com
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drug. The study demonstrated that omalizumab-
treated patients could achieve the maintenance
dose faster compared to those without treatment
[22

&

].
CLINICAL OUTCOMES OF EPICUTANEOUS
IMMUNOTHERAPY

In 2017, the phase II peanut EPIT study compared
patients between the ages of 6–49 years on 100 mg
EPIT (n¼24) versus 250 mg EPIT (n¼25) versus pla-
cebo (n¼25). Desensitization (defined by passing a
5044mg protein challenge or achieving a 10-fold
increase in consumed dose from baseline) was
achieved in 46% receiving 100 mg, 48% receiving
250 mg, and 12% in the placebo group. Treatment
success was higher in the 4- to 11-year old (61%)
compared to those more than 11 years old (14.4%)
[39]. A subsequent phase IIb peanut EPIT study eval-
uating a 12-month treatment with 50, 100, 250 mg
peanut EPIT versus placebo was performed in patients
6–55 years of age. The study showed a significant
absolute response rate difference of 25% between the
250 mg patch versus placebo. When stratifying by age,
the response rate difference between 250 mg versus
placebo was most significant in the 6- to 11-year old
(34.2%) with no significant difference among adoles-
cents/adults (14.4%). This study suggested use of the
higher dose patch in the younger age group [49]. The
recently published phase III peanut EPIT assessed the
efficacy of the 250 mg patch in patients between 4 and
11 years of age. A statistically significant difference in
responder rate was observed between patients receiv-
ing 12 months of 250 mg peanut EPIT versus placebo
(difference 21.7%; CI, 12.4–29.8%; P<0.001) [38

&&

].
CLINICAL OUTCOMES OF SUBLINGUAL
IMMUNOTHERAPY

In 2011, a double-blind placebo controlled study
evaluating the efficacy of peanut SLIT was per-
formed in 18 patients ages 1–11 years. Patients
underwent a 6-month escalation period receiving
either active treatment (n¼11) or placebo (n¼7)
followed by 6 months of maintenance (2 mg pro-
tein). Patients who received active treatment toler-
ated 20 times more peanut protein compared to
patients receiving placebo, with a median tolerated
dose of 1710 mg in the treatment group versus
85 mg in the placebo group (P¼0.011) [50].

In 2013, a peanut SLIT study noted a modest
increase in desensitization in 12- to 37-year old after
44 weeks of peanut SLIT (maintenance 1386 mg) in
up to 70% (n¼14/20) of subjects on SLIT compared
to 15% (n¼3/20) of subjects on placebo [42]. A
follow-up open-label study evaluated response rates
Volume 31 � Number 00 � Month 2019
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in the same group of patients after 2 and 3 years of
peanut SLIT and assessing sustained unresponsive-
ness after 8 weeks of treatment cessation. The study
concluded a large drop-out rate (>50%), only 10.8%
of subjects (n¼4) were fully desensitized (5 g pro-
tein) after 3 years, and all four subjects achieved
sustained unresponsiveness [44].

A comparison study between peanut SLIT and
OIT revealed that desensitization was achieved after
12-month of maintenance with both treatments,
however the median challenge threshold dose was
significantly greater with OIT (141-fold increase)
than with SLIT (22-fold increase). In addition, fol-
lowing 4 weeks of treatment cessation, sustained
unresponsiveness was achieved in only 10% of
patients undergoing SLIT versus 27% undergoing
OIT [51].
IMMUNOLOGICAL OUTCOMES OF ORAL
IMMUNOTHERAPY

The immunodulatory effects of OIT have yet to be
fully elucidated. Studies have demonstrated that the
development of desensitization has been estab-
lished through immune modulatory effects on effec-
tor cells, such as mast cells and basophils, CD4þ T
cells, antigen-specific B cells and allergen specific
IgE, IgG4, and IgA. During the initial period of OIT,
repeated exposure to low doses of food allergen
causes hyporesposiveness of the effector cells lead-
ing to a reduction of the high-affinity IgE receptors
and eventually leading to the reduction of allergen
specific IgE levels. This in turn explains the reduced
skin prick test wheal size and basophil activation in
response to the antigen during OIT [12

&

,52,53
&

,54].
The Th2 pathway is upregulated in patients with
food allergies and is sustained by epithelial derived
mediators such as thymic stromal lymphopoietin
(TSLP), interleukin-25 (IL-25) and IL-33 [55]. In the
early phases of OIT, low doses of antigen continue to
promote Th2 cell stimulation of B cells via cytokines
such as IL-4, IL-5, and IL-9 to further expand antigen
specific IgE, which explains the initial rise of IgE
during the first few months of OIT. As OIT pro-
gresses and antigen doses increase to the mainte-
nance dose, an increase in IL-10-producing CD4þ T
cells occurs and induces the production of allergen-
specific T-regulatory cells. Additionally, hypores-
ponsiveness of effector cells, and an increase in
antigen specific IgG4, IgA and a decrease in antigen
specific IgE levels produced by B cells is seen during
this period [12

&

]. When comparing OIT with SLIT, a
significantly larger increase in peanut specific IgG4
was observed at all time points in OIT and peanut
specific IgE was similar until 6 months when there
was a significant reduction in those receiving OIT.
1040-8703 Copyright � 2019 Wolters Kluwer Health, Inc. All rights rese
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In patients who achieved sustained unrespon-
siveness, it was observed that they had lower peanut
specific IgE levels, including Ara h1 and Ara h2
specific IgE, when compared to the patients who
did not reach sustained unresponsiveness. No dif-
ference in peanut specific IgG4 was observed
between patients achieving sustained unresponsive-
ness and those who did not [10

&&

,48].
IMMUNOLOGICAL OUTCOMES OF
EPICUTANEOUS IMMUNOTHERAPY

In EPIT, it is believed that the immunomodulatory
effects of the treatment leading to the downregula-
tion of the effector cell responses are regulated by
the activation of epidermal Langerhans cells via
antigen contact through the skin. The Langerhans
cells from the epidermis stimulated by EPIT present
antigen to T cells in the regional lymph nodes, thus
producing the immune changes in T effector, T
helper 2, IgE, and IgG4 responses. Additionally,
gut-homing Tregs (LAP1þFOXP3þ) are believed to
provide the protection that develops from treatment
[39]. A recently published study on peanut EPIT in
children demonstrated an improvement in peanut-
specific IgE levels at month 3 and 6, however the
levels returned to baseline by month 12. In contrast,
peanut-specific IgG4 increased over time [38

&&

].
Basophil activation and peanut-specific Th2 cyto-
kines were also observed to be reduced with peanut
EPIT [39].
IMMUNOLOGICAL OUTCOMES OF
SUBLINGUAL IMMUNOTHERAPY

The immunomodulatory effects of SLIT treatment
are mediated by the uptake of antigen by oral muco-
sal Langerhans cells, stimulated by SLIT to present
antigen to T cells in the submandibular lymph
nodes, leading to changes in T effector, T helper
2, IgE, and IgG4 responses [56–57]. A previous study
evaluating 1–11 year-old peanut allergic subjects
who underwent peanut SLIT for 1 year demon-
strated peanut-specific IgE levels increase in the first
4 months (P¼0.002) and then decrease over the
remaining 8 months (P¼0.003). Furthermore, the
peanut-specific IgG4 increased over 12 months
(P¼0.014). Statistically significant changes were
not observed in the levels of IL-13, IL-10, IFN-g,
or T-regulatory cells [50]. There was not a statisti-
cally significant difference between peanut specific
IgE or IgG4 in patients who did and did not achieve
sustained unresponsiveness [44].

The immunological changes for each immuno-
therapy delivery type which are described above are
summarized in Table 2.
rved. www.co-pediatrics.com 5

uthorized reproduction of this article is prohibited.



CE: Namrta; MOP/310607; Total nos of Pages: 7;

MOP 310607

Table 2. Immunological changes for each immunotherapy method

Immunotherapy
route

Initial phase cells and
cytokines

Late phase cells and
cytokines

Immunoglobulin
changes

Sustained
unresponsiveness (SU)

Oral Immunotherapy Promote Th2 cell
stimulation of B cells
via IL-4, IL-5, IL-9
[12&,55]

Increase in IL-10
producing CD4þ T
cells

Increase in allergen-
specific T-regulatory
cells [12&]

Initial increase in antigen-
specific IgE then
decrease

Increase in antigen-
specific IgG4 and IgA
[12&,52,53&,54]

Lower-specific IgE levels
and similar antigen-
specific IgG4 in
patients with SU
[10&&,48]

Sublingual Immunotherapy Regulated by oral
mucosal Langerhans
cells and then T
effector and T helper
2 cells [56,57]

No statistically
significant change in
IL-10, IL-13, IFN-g, or
T-regulatory cells [50]

Increase in allergen-
specific IgE for first
4 months and then
decrease

Increase in allergen-
specific IgG4 from
beginning [50]

Not a statistically
significant difference in
antigen-specific IgE or
IgG4 between those
who did or did not
reach SU [44]

Epicutaneous immunotherapy Regulated by epidermal
Langerhans cells and
gut-homing Tregs
[44]

Decrease in basophil
activation and
peanut-specific Th2
cytokines [44]

Decrease in antigen-
specific IgE at month 3
and 6 and return to
baseline at month 12,
increase in antigen-
specific IgG4 over time
[38&&]

Unknown
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CONCLUSION

With the rising prevalence of food allergies, well
tolerated and effective therapies are needed.
Immune tolerance is the body’s natural state of
enabling a food to be consumed without reaction.
If a patient reaches this state following immuno-
therapy it is considered sustained unresponsiveness.
The most recent literature shows good efficacy of
desensitization via oral immunotherapy indicated
by successful food challenges and immunologic
changes. However, this desensitization requires con-
tinued daily dosing of the food allergen. The success
rate of sustained unresponsiveness is still being
evaluated and may only be successful in up to
50% most cases, excluding preschool aged patients.
Clinical desensitization by SLIT and EPIT have been
shown to have modest efficacy. More studies in SLIT
and EPIT needed to further assess desensitization in
younger patients.
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