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ABSTRACT
Allergen immunotherapy is a rapidly evolving field. Although subcutaneous immunotherapy has
been practiced for over a hundred years, improved understanding of the underlying immunological
mechanisms has led to the development of new, efficacious and better tolerated allergen-deriva-
tives, adjuvants and encapsulated allergens. Diverse routes of allergen immunotherapy – oral,
sublingual, epicutanoeus and intralymphatic – are enabling immunotherapy for anaphylactic food
allergies and pollen-food allergy syndrome, while improving the tolerability and effectiveness of
aeroallergen immunotherapy. The addition of Anti-IgE therapy decreases adverse effects of subcu-
taneous and oral immunotherapy.
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Introduction

In this review we will address non-registered forms of allergen
immunotherapy for various kinds of IgE mediated hypersen-
sitivity, including aeroallergies, food allergy and pollen food
allergy syndrome. Allergen Immunotherapy has been in use
for over a hundred years. At its core, subcutaneous immu-
notherapy (SCIT) for aeroallergies and stinging insect hyper-
sensitivity has changed very little since inception. However,
the field has moved forward with exciting new developments
in immunotherapy including novel routes of delivery, mod-
ified allergens, allergen derivatives and combination therapy
with biologics.

Our understanding of the immunological basis of allergy and
the changes associated with allergen immunotherapy has vastly
improved over the last three to four decades. In parallel,
advances in molecular characterization have led to a better
understanding of allergens at the protein and sequence level.

The process of preparing extracts from various naturally
occurring source materials and periodic subcutaneous injection
has remained the same. The evidence supporting subcutaneous
immunotherapy for aeroallergies is plentiful but patchy.1,2 In the
United States, standardization of extracts across manufacturers
and allergens is limited to a few allergens. Despite these limita-
tions, the overwhelming consensus and the practice parameters
back the use of subcutaneous immunotherapy (SCIT) for inha-
lant allergies and Hymenoptera venom allergies.3–7 However,
there is a risk of local and systemic reactions and poor adherence
with SCIT.8 Several approaches have been adopted to remedy
this including alternate routes and rapid build-up schedules.
SCIT has been abandoned for food allergies due to a high rate
of adverse reactions.9,10

In this review, we will evaluate newer modalities of
immunotherapy. Conventional SCIT for aeroallergens and

venom anaphylaxis have been reviewed extensively else-
where. We will not discuss FDA approved products such
as newly approved SLIT products that are outside the
purview of this review article. We will present data based
on some products that are in development (such as
Epicutaneous immunotherapy), as they best illustrate a
new technology. Here we will briefly summarize the evi-
dence. We will discuss updates to our understanding of the
immunological mechanism underlying immunotherapy.
We evaluate the evidence supporting the treatment of
food allergies using oral immunotherapy (OIT), sublingual
immunotherapy (SLIT), and epicutaneous immunotherapy
(EPIT). We will assess the evidence backing the use of
anti-IgE in combination with other forms of immunother-
apy. Finally, we will examine novel methods of antigen
preparation and delivery such as intralymphatic
immunotherapy.

Immunological mechanism of allergen
immunotherapy

Despite a century of successful immunotherapy, the molecular
and cellular mechanisms of immunotherapy remain poorly
understood. There is some understanding of the immunologi-
cal changes associated with SCIT. These include desensitization
of mast cells and basophils, changes in immunoglobulin pro-
duction, and the generation of regulatory T cells (Treg). We
refer you to excellent reviews on the topic by Shamji and
Durham,11 Soyer OU et al.12 and, Berin and Shreffler.13 Here
we briefly summarize some of the theories and critical findings
that impact the modalities of immunotherapy discussed below.

Aeroallergen SCIT, SLIT and OIT are associated with
changes in mast cell activation. While the phenomenon of
the decreased mast cell and basophil responsiveness is well
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established,14 the mechanism is debatable and not directly
observable. Partial degranulation, endocytosis of surface
IgE15 and actin remodeling,16 have all been proposed based
on in vitro and animal studies

Treg suppressor activity mediated by TGFβ and IL10 are
responsible for late effects on mast cell number and function.
Allergen-specific activation of peripheral basophil activity is
diminished particularly in OIT and SLIT where it has the
potential for use as a marker of successful desensitization.17–
20 This, however, is not universal. Peanut epicutaneous immu-
notherapy did not show significant changes in basophil
activation.14,21,22

Dendritic cell mediated induction of regulatory T and B
cells of various kinds – natural Tregs, inducible Tregs, T
follicular regulatory cells, B regs have all been described in
various forms of immunotherapy. However, the role of den-
dritic cells is highly complex and varies tremendously by the
site. Allergen (is) first encountered by different populations
of mature and immature dendritic and Langerhans cells
depending on the route of allergen immunotherapy. While
epicutaneous immunotherapy relies on dermal resident den-
dritic cell populations, intralymphatic immunotherapy
entirely bypasses them. With mucosal exposure as in SLIT
mucosal Langerhans-like dendritic cells play a critical role by
capturing the allergen within the oral mucosa. In response,
Th2 cytokine production is decreased with concurrent
increase in Th1 and suppressive cytokines (TGFβ and IL10)
and various T reg subpopulations – natural Treg, inducible T
reg and T follicular regulatory cells. Natural and inducible T
regs suppress the development of allergic diseases via (a)
induction of suppressive cytokines, such as interleukin-10
(IL-10) and transforming growth factor β (TGF- β); (b)
suppression of allergen-specific IgE and induction of IgG4
and IgA; (c) suppression of mast cells, basophils, eosinophils,
and inflammatory dendritic cells and (d) by suppression of
effector TH1, Th2 and Th17 cells.12,23 Multiple studies have
shown that aeroallergen immunotherapy leads to an increase
in local FOXP3+ CD25+ T cells in the nasal mucosa in
allergic rhinitis and airways of asthmatics.24–27 Similarly,
OIT is also thought to increase the migratory potential of
Tregs cells towards intestinal epithelial cell and induce epi-
genetic changes enhancing their function via
FoxP3 + locus.28 It increases CD4+ CD25+ FoxP3+ Tregs
and, Foxp3 + mRNA and protein expression, in CD4 cells
from mesenteric lymph nodes in the jejunum with OIT.29

Besides Tregs, a population of newly described IgG4 produ-
cing IL10 secreting, regulatory B-cells (Bregs) have been
observed in subjects on venom immunotherapy and may
have a role in other forms of immunotherapy.30

Subcutaneous immunotherapy produces humoral changes.
Initially, there is an early increase in specific IgE, but blunting
of the seasonal rise in specific IgE, and is followed by a
gradual decline in serum specific IgE over months to years
of immunotherapy.31 Immunotherapy results in a 10–100-fold
increase in allergen-specific antibodies in IgG1 and IgG4
subclasses, particularly IgG4.

A vital issue in food allergen immunotherapy is the devel-
opment of sustained unresponsiveness, a way station for the
development of true immunological tolerance. A limited

number of participants in OIT, SLIT and EPIT trials develop
sustained unresponsiveness.14,17,32 Individuals who haven’t
developed this state, have a rapid loss of desensitization with
the return of basophil reactivity whereas those who develop
sustained unresponsiveness do not react for prolonged peri-
ods and continue to have suppressed basophil reactivity.32,33

The real locus of sustained unresponsiveness is not known.
Subjects who fail to develop sustained unresponsiveness have
higher starting specific IgE levels, suggesting a humoral
component.33 The use of anti-IgE therapy can decrease baso-
phil reactivity but does not improve rates of sustained
unresponsiveness.34

The diversity of allergen immunotherapy options

Immunotherapy has evolved beyond SCIT to a panoply of routes
and allergen preparations including OIT, SLIT, EPIT, and pep-
tide-based immunotherapy. (See Figure 1) While the bulk of
immunotherapy is based on native extracts, allergoids35 and
recombinant allergens36 have been trialed.. Modified allergens
can be associated with reduced risk of reactions.35 Acetone pre-
cipitated dog extracts have increased the concentration of major
allergens compared to native allergen extracts and consequently
achieved better desensitization.37 Peptide Immunotherapy
bypasses IgE mediated mast cell activation and induces Tregs
and IL-10 mediated immunological tolerance.38,39

Summary of evidence supporting subcutaneous
immunotherapy for inhalant allergies

Translating research involving Immunotherapy into clinical
practice is challenging. Subcutaneous immunotherapy as is
practiced in the United States often comprises multiple aller-
gens in allergen mixes reflecting polysensitization commonly
seen in clinical practice. Studies, however, are confined to
single allergens. Aggregated evidence from meta-analyses40,41

and expert opinion form the basis of guideline documents for
subcutaneous immunotherapy.3 However, the quality of the
included studies limits meta-analyses. Differences in outcome
measures, duration of therapy, allergens and treatment regi-
mens limit comparisons. The Cochrane review, suggests that
aero-allergen SCIT lowers symptom and medication scores.42

Unlike other meta-analyses and systematic reviews, it calcu-
lates statistics based on studies meeting their inclusion criteria
but also cite data from studies that did not meet inclusion
criteria but had significant results. Their principal conclusions
are supported by the statistical analysis and the majority of
rejected trials as well. The AAAAI/ACAAI Practice
Parameters now endorse SLIT Immunotherapy for the treat-
ment of aeroallergies.43 Several commercial products are
available for co-seasonal and year-round use.

Food allergy – oral and sublingual immunotherapy

Investigations into the treatment of food allergies have lagged
the treatment of aeroallergies. However, the explosion in the
incidence and awareness of food allergies has led to a push for
immunotherapy. Initial SCIT studies had high rates of
reactions.9,10 Many things set food allergy immunotherapy
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apart from respiratory allergies or venom allergies. The route
of exposure is different (oral vs, inhaled or parenteral). The
dose per exposure, for food, is several orders of magnitude
larger. Partial desensitization or tolerance (i.e., Mild food
allergic reactions) is not an acceptable outcome. Strict avoid-
ance is possible but has nutritional, social and financial con-
sequences. Though there are few head-to-head comparisons,
OIT is the most efficacious therapy for food allergy. OIT has
the highest rates of treatment-associated adverse reactions.
Most studies address, peanut,28,32,33,44–49 milk50–53 and egg
allergies.51,54–58 Limited studies have been carried out with
wheat,59,60 multi-food immunotherapy61 and as discussed
elsewhere pollen-food allergy syndrome (PFAS). OIT and
SLIT comparison studies have demonstrated higher rates of
desensitization and adverse effects with OIT.32 In designing
oral immunotherapy for food allergies it is important to
define the objective – the ability to consume conventional
portions of the food or prevention of allergic reactions due
to small or accidental exposures. There hasn’t been a systema-
tic effort to qualify the objectives and outcomes in these
terms. Most milk and egg trials target the ability of the patient
to consume conventional portions of the food as the goal of
treatment. All oral immunotherapy trials for all foods pub-
lished to date cumulatively include approximately 1500 sub-
jects. Several major food allergens are yet to be in clinical
trials. This lack of data despite enormous efforts, across a
large number of sites and at great cost is the single greatest
limitation to our understanding of oral immunotherapy.

OIT proceeds through three phases – initial rapid up-dos-
ing (especially with omalizumab as premedication), a slow
escalation phase and a maintenance phase. Studies assess
desensitization (a food challenge while on daily dosing) and
sustained unresponsiveness (food challenge after a period of
abstinence after achieving desensitization. The duration main-
tenance therapy and the duration of abstinence before a
sustained unresponsiveness challenge vary amongst studies.

Oral immunotherapy for peanut (Table 1A) serves as a
prototype for the study of OIT for anaphylactic food allergies.
However, the generalizability of these findings will not be
known until a large cohort of foods has been studied.
Desensitization rates have varied from 60 to 80%, and this
has been the case for most foods. Early studies used a large
goal dose for desensitization (about 4000mg) However, data
suggests that lower maintenance doses such as 1000mg or
300mg of peanut protein may achieve higher rates of desensi-
tization, with lower rates of adverse effects and similar ability
to tolerate more substantial amounts upon challenge. High
rates of desensitization and sustained unresponsiveness were
associated with the use of lactobacillus in combination with
peanut.45 However, the trial involved younger subjects (mean
age about six years), and sustained unresponsiveness chal-
lenges were carried an earlier than other studies (2–5 weeks)

In milk and egg allergies, the introduction of baked milk or
egg products in baked milk or baked egg-tolerant subjects
respectively has revolutionized care. It is associated with
high rates of resolution of allergy to unheated milk and
egg.64 Paradoxically immunotherapy with baked milk in
baked milk-reactive subjects has had dismal results due to
high rates of reactions.65 Milk powder and fluid milk have
been used for milk oral immunotherapy. (Table 1B) Fluid
milk doses have varied from 100 to 200 ml. The limited
number of trials and small populations preclude systematic
analysis of the best strategy. Likewise, egg oral immunother-
apy trials (Table 1C) have varied in dose used for desensitiza-
tion and maintenance. Most clinical trials use dried or
lyophilized egg white as agent for desensitization and chal-
lenge to one egg. However, egg clinical trials show the greatest
variability in how maintenance dosing is conducted; using
raw, undercooked or cooked egg; 1/3rd to a whole egg in
quantity and daily to twice weekly dosing intervals. As with
other foods, there is a paucity head to head comparisons.
However, high rates of desensitization (80–94%) have been

Figure 1. Different allergen forms can be administered through a variety of routes eventually leading to similar immunological changes. Subcutaneous –
Subcutaneous Immunotherapy, Sublingual – Sublingual Immunotherapy, Oral – Oral Immunotherapy, Epicutanoeus – Epicutaneous Immunotherapy and
Intralymphatic – Intralymphatic immunotherapy.
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Table 1A. Peanut oral immunotherapy.

Study
Food

allergen N Age Range Study design Maintenance Dose
Desensitization

Outcome Long-term results Adverse events

Hofmann et al.
200962

Jones et al.
200946

Peanut 39 1–16 years Open-label,
not
controlled.

300–1800 mg 71% reached
300 mg daily
dose.

69% (27/39) passed
OFC at 1800 mg
(total 3.9 g).

Escalation: 92%
symptomatic,
15% needed
epinephrine. 3.7
% of 14,773
doses during up-
dosing or
maintenance,
mostly minor.

Blumchen et al.
201047

Peanut 23 3–14 years Open label,
not
controlled.

?500 mg 61% (14/23)
reached 500 mg
daily for 8 weeks.

After 2 weeks off OIT,
14/23 (100% who
reached
maintenance)
tolerated 500 mg in
DBPCFC, 17%
tolerated 4 g.

Escalation:
subjective
symptoms with
25/317 (7.9 %)
doses. Reactions
with 160/6137
(2.6 %) of
buildup/
maintenance
doses.

Varshney et al.
201148

Peanut 28 (2:1
OIT:

placebo)

1–16 years RCT,
placebo-
controlled,
double-blind.

Up to 4000 mg
daily

80% on OIT
tolerated
4000 mg daily for
1 year, 80% on
OIT passed
5000 mg DBPCFC
after 1 year.

N/A Escalation: 47%
(9/19) of OIT had
symptoms, 2
required
epinephrine.
Reactions with
1.2 % of buildup/
maintenance
doses.

Vickery et al.
201433

Peanut 39 1–16 years Open label,
not
controlled
(enrolled
patients
from53

and24).

300 mg OR
1800 mg (if passed
3900mg OFC),
then 4000 mg
daily

66% (26/39)
reached 4000 mg
daily.

After 4 weeks off OIT,
31% (12/39)
tolerated 5000 mg
OFC and open dose.

15% withdrew
for allergic side
effects.

Anagnostou et al.
201463

Peanut 99 7–16 years RCT,
placebo-
controlled,
double-blind.
(OIT/
placebo),
control
group
crossed over
to active OIT.

800 mg Phase 1: 84% OIT,
0 % placebo
passed 1400 mg
DBPCFC. Phase 2:
placebo patients
switched to OIT,
54% passed the
same DBPCFC.

Phase 1: 62% OIT, 0
% placebo tolerated
800 mg daily at
26 weeks. Phase 2:
placebo patients
switched to OIT, 91%
tolerated 800 mg
daily at 26 weeks.
QoL improved in
both groups.

Up-dosing: Mild
adverse events in
6.3 % of doses. 1
patient received
epinephrine for 2
separate
reactions.

Narisety et al.
201532

Peanut 21 7–13 years RCT, parallel
intervention,
double blind
(1:1 OIT/
SLIT).

2000 mg OIT,
3.7 mg SLIT

50% SLIT, 45%
OIT passed OFC
10g at
6–12 months.

Sustained
unresponsiveness:
50% (2/4) OIT, 20%
(1/5) SLIT passed
repeat OFC 10 g after
4 weeks peanut
avoidance.

Reactions to 43%
of OIT, 9 % of
SLIT. 5 OIT
reactions
required
epinephrine. 1
OIT patient
developed
eosinophilic
esophagitis and
withdrew.

Syed et al. 201428 Peanut 43 5–45 years RCT, open
label (OIT/
peanut
avoidance).

4000 mg 20/23 OIT, 0 %
(0/20) control
desensitized
(passed DBPCFC
4 g) at
24 months.

Sustained
unresponsiveness:
after off peanut OIT
for 3 months, 30%
(7/23) passed
DBPCFC at
27 months. After off
peanut for 6 months,
13% (3/7 SU, 3/23
ITT) remained
tolerant (passed
DBPCFC).

N/A

Tang et al. 201545 Peanut and
lactobacillus

62 1–10 years RCT, placebo
controlled,
double blind
(Probiotic?+?
OIT vs.
placebo?+?
placebo OIT).

2000 mg 90% probiotic?+?
OIT, 7 % placebo
desensitized
(DBPCFC).

Sustained
unresponsiveness:
82% probiotic, 4 %
placebo (DBPCFC
2–5 weeks after
probiotic
discontinued).

45% probiotic,
32% placebo
patients had ?1
severe adverse
event. 1 patient
had anaphylaxis
to probiotic.
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achieved in many trials.54,55,77,78,80 Only two clinical trials of
wheat OIT Table 1D), with a total 24 subjects have been
published. These serve as little more than proof of concept
currently.

Two related limitations in oral immunotherapy have been
the need for indefinite daily maintenance dosing and low rates
of “sustained unresponsiveness.” It is the maintenance of
desensitization despite withholding the food. The rates across
foods and studies have been low. Therefore, most subjects
need to consume the food daily to maintain desensitization.
A small trial with 17 subjects suggests that intermittent twice
weekly dosing may be as effective as a daily dosing regimen

after desensitization. The incidence of allergic reactions was
the same.67 However, this is going to need further validation.
Longer duration of therapy is associated with higher rates of
sustained unresponsiveness.86 This would be particularly sig-
nificant because many allergic subjects have an aversion to the
food. Even in the absence of food aversion, daily dosing is
onerous. Sustained unresponsiveness has been assessed after
3–6 weeks of withdrawal. We do not know what would
happen if the subjects did not consume the food for more
extended periods of time. The only way to assess sustained
unresponsiveness is the withdrawal of the food and challenge
which carries the risk of anaphylaxis. There is a desperate

Table 1B. Milk oral immunotherapy.

Study
Food

allergen N Age Range Study design
Maintenance

Dose Desensitization Outcome Long-term results Adverse events

Meglio
et al.
200850

Meglio
et al.
200466

Fluid
milk

21 5–10 years Open-label,
not
controlled.

Up to 200 mL
milk or milk-
containing
foods

71% (15/21) tolerated
200 mL, 14% (3/21) reached
40–80 mL. Mean duration
201 days (range
183–234 days).

After 48–51 months,
70% in follow-up (14/
20) tolerating some
milk. 43% (9/14)
taking milk ad lib.

Desensitization: 3/21
(14%) had mild
symptoms so
discontinued; 3/21 (14%)
had symptoms so took a
lower daily dose. Follow-
up: no reactions requiring
epinephrine.

Pajno et al.
201367

Fluid
milk

32 4–13 years RCT, open-
label,
comparison of
maintenance
regimens.

150–200 mL
daily (group
A) or twice
weekly
(group B)
and milk ad
lib

100% in both groups
continued maintenance, a
similar frequency of allergic
symptoms.

N/A 8/15 in group A and 9/15
in group B had recorded
events.

Salmivesi
et al.
201368

Paassilta
et al.
201669

Fluid
milk

24 6–14 years (from
initial study 2013)

RCT, placebo
control,
double-blind,
open-label
crossover.

200 mL
(6400 mg)
daily

89% (16/18) OIT
desensitized, not assessed
in placebo. 100% (10/10)
control patients
desensitized in the
crossover to open-label OIT.
At 12 months, 13/18 (72%)
of OIT taking 6400 mg CM
daily.

At 3 years, 85% OIT
(including original OIT
and crossover)
tolerating milk daily,
58% at 7 years.

Desensitization: 100% of
OIT, 80% crossover, 63%
of placebo patients
reported symptoms.
6–12 months
maintenance: 62% had
symptoms, none severe;
50% at 3 years, 19% at
7 years.

Longo et al.
200852

Fluid
milk,
then
foods
with
milk.

60 5–17 years RCT, open-
label, (OIT/
milk-free diet).

150 mL
(4800 mg)
then milk
containing
foods

At 1 year, 37% (11/30) OIT
fully desensitized to 150 ml
daily, 53% (16/30) OIT
partially (5–15), 0 % control
passed DBPCFC.

N/A Desensitization: 4
patients required IM
epinephrine. Home
dosing: 2 needed
epinephrine. 20% control
had an adverse reaction
to accidental milk.

Morisset
et al.
200751

Fluid
milk.

57 1–6 years RCT, open-label (OIT/milk-free
diet).

After 6 months, 11% OIT
and 40% control had
positive SBPCFC (< 200 mL).

N/A Reactions in 3 OIT, 0
control patients.

Martorell
et al.
201170

Fluid
milk.

60 2–3.5 years RCT, open
label. (OIT/
milk-free diet).

200 mL
(6400 mg)
daily

At 1 year, 90% milk OIT
tolerant to 200 mL daily,
13% (3/23) of control
passed DBPCFC. RR 7.7 for
milk tolerance in OIT vs.
placebo.

N/A 80% OIT patients had ?1
reaction, all mild-
moderate. Reactions with
15% (114/738) doses.

Skpirak
et al.
200853

Narisety
et al.
200971

Keet
et al.
201372

Milk
powder.

20 6–21 years RCT, placebo
controlled,
double blind,
then open-
label
crossover. (2:1
OIT/placebo)

500 mg daily
for 13 weeks,
then
7000 mg (if
pass 8g
DBPFC).

23% OIT, 0 % placebo, 67%
crossover OIT passed
DBPCFC (8000 mg); 92%
active OIT, 0% placebo, 83%
of cross-over OIT tolerant to
?2540 mg.

At 5 years: 19% of 13
in follow-up tolerating
unlimited milk, 31% 1
serving/day, 34%
limited amounts, 16%
no milk/avoiding
completely.

Desensitization: reactions
to 45% of 2437 doses in
OIT, 11% of 1193 in
placebo patients. 4
patients required
epinephrine. Follow-up
open-label OIT: reactions
in 17% of 2465 home
doses.

Goldberg
et al.
201565

Baked
milk.

15 6–12 years Open-label,
uncontrolled.

Baked milk
products
daily as
tolerated.

21% tolerated 1.3 g baked
milk OFC. Maximum
tolerated dose 900 mg
unheated milk.

N/A 8/15 did not complete
desensitization due to
IgE-mediated reactions. 2
had anaphylaxis requiring
epinephrine with home
doses.
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need for a surrogate marker. IgG4 levels and BAT responses
are potential markers but will need extensive validation for
each food.86

Determinants of successful desensitization and sustained
unresponsiveness are not known. A long-term study suggests
that the starting specific IgE level and peak IgE level during
desensitization may determine the long-term sustained
unresponsiveness.33 Trials of very young children with peanut
and milk allergies has demonstrated that in this age group
OIT was associated with higher rates of desensitization and
was associated with lower rates of reactions.51,87 When
coupled with studies of the primary and secondary prevention
of peanut allergy by the early introduction of peanut88 it
suggests that there may be a continuum of immunological
plasticity, which applies to peanut allergy and possibly other
foods. This degree of plasticity might decrease with age result-
ing in lower desensitization rates with age. Studies are needed
to determine the generalizability to other foods and different
forms of immunotherapy.

Pollen food allergy syndrome

Pollen-food allergy syndrome (PFAS) is caused by anti-pollen
antibodies cross-reacting with antigenically similar protein in
several plant-based foods principally, fruits, vegetables, and
nuts. It is unique because both the inciting pollen and the
secondary food are targets for immunotherapy. The most
commonly studied is the birch-apple allergy caused by cross-
reactivity between, the PR10 family proteins, Bet v1 in birch
and Mal d 1 in apple. Seven studies have investigated three
modalities of therapy, subcutaneous immunotherapy using
birch pollen, SLIT using birch pollen and OIT using raw
apple. Fundamental limitations in these studies include the
lack of uniformity in intervention, the lack of randomization
and placebo controls and the frequent use of open challenges
with apple. These studies have varied in outcomes. (see
Table 2) Unlike prior studies, Hansen et al. were the first to
perform a double-blind, double-dummy placebo-controlled
study.93 However, this study ultimately suffered from a small
number of subjects who had challenge confirmed PFAS in
each group and threshold-dose insensitive challenge
protocol.93 Likewise, the only study using apple DBPFC for
diagnosis did not use a graded challenge but instead relied on
a VAS score for symptoms with a fixed dose of apple. This
method likely impaired their ability to measure changes in the
degree of apple sensitivity as determined by threshold dose for
eliciting symptoms.94

The lack of improvement in apple PFAS with Birch
pollen SLIT is explained by lack change IgE, IgG4 or
T-cell responses with the intervention despite concomitant
amelioration in Bet v1 specific responses.94 However, a
recent study by the same group using Mal d1 SLIT demon-
strated significant improvement in Mal d1-specific sublin-
gual challenge, IgE, and IgG4 responses.93 OIT with apple
and Mal d1 SLIT suggest that though the pathogenesis of
birch-apple PFAS involves birch pollen sensitization desen-
sitization with apple rather than Birch may be a superior
approach to therapy.

Epicutaneous immunotherapy

Epicutaneous immunotherapy involves transdermal admin-
istration of allergen under an occlusive dressing that pro-
motes allergen absorption. Three allergens, grass pollen,98

milk99 and peanut14,100 have been studied using this mod-
ality. Skin preparation before application of the patch has
also varied – no preparation, abrasion with a foot file and
tape stripping. In a head-to-head comparison of the two
skin prep methods, the more aggressive abrasion method
was associated with a higher risk of systemic allergic
reactions.101 Mouse studies have demonstrated the uptake
of allergen by dendritic cells after prolonged application
and resulting immunological changes.102 Trials involving
milk and peanut without skin preparation, use a different
proprietary patch, precluding direct comparison, however,
the rates of systemic reactions were low.100 Comparison of
different protein doses in patches shows a dose effect100

Local reactions, most commonly patch site pruritus, was
virtually universal.99–101,103 All trials compare efficacy com-
pared to placebo. There are no trials comparing grass
pollen EPIT to SCIT or SLIT. Similarly, there no trials
comparing milk or peanut EPIT to SLIT or OIT.
However, comparison of completed studies shows a clear
distinction in the rates of systemic adverse effects favoring
EPIT. Peanut EPIT resulted in desensitization in 48% sub-
jects (passing a 1000mg of peanut food challenge or 10-fold
increase in maximum tolerated dose). It was more effica-
cious in 4–11 age group than in older subjects.100 In com-
parison, the largest peanut OIT trial which used similar
entry criteria resulted in desensitization in 62% of subjects
(passing a 1400mg challenge).44 Excluding subjects on EPIT
who did not pass a 1000mg challenge but did have tenfold
increase in threshold further widens the gap between OIT
and EPIT, suggesting OIT is likely more efficacious than
EPIT.44 Like OIT, EPIT outcomes appear to be better in
younger subjects.87

Intralymphatic immunotherapy

Intralymphatic immunotherapy (ILIT) is a new modality of
injectable allergen immunotherapy. It involves the repeated
injection of allergen directly into the lymph node. The dose
of allergen is lower than in subcutaneous therapy.104 It
involves fewer injections and has fewer side effects.104

Injections were performed under ultrasound guidance.104

Tolerance achieved was long lasting and equivalent to
SCIT.104 It has been used for Grass pollen,104 Birch pollen,-
105,106 Cat,103,107,108 Dog,107,108 Dust mite.107,108 (Key stu-
dies are summarized in Table 3) However, unlike SCIT
expertise and studies are confined to a limited number of
centers. Though the results are encouraging and carry the
promise of improved compliance, studies are limited and
without replication. Another limitation is that the studies
are randomized but open-label. Ideally, SCIT and ILIT
comparison studies should be double-blind double-
dummy. However, this may not be ethically feasible. The
methodology and optimal injection schedule are open to
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debate.109 At this time four clinical trials of ILIT are
recruiting or active. (ClinicalTrials.gov)

Combination immunotherapy with biologics

Anti-IgE therapy has found application in settings where
there are high rates of reactions to allergen immunotherapy
– food OIT, aeroallergen rush immunotherapy, and venom
immunotherapy. Compared to OIT alone, the addition of
Omalizumab significantly reduces the risk of mild and severe
reactions.49,110 (See Table 4) Anti-IgE monotherapy with a
different biologic (TNX-901) suggests that it increases the
threshold of reactivity to the food allergen.116 The

combination with OIT appears to confirm this benefit, facil-
itating faster desensitization using rush protocols with low
rates of adverse reactions.49,111,112,114 Carefully designed pla-
cebo-controlled studies suggest that it does not improve the
overall rate of desensitization over OIT alone. A case series
suggested that it enables desensitization in subjects who have
previously failed immunotherapy with conventional
protocols.115 However, another small case series opposes
this. Here patients refractory to OIT were successfully desen-
sitized on Omalizumab but reverted to allergy after disconti-
nuing anti-IgE therapy.113 Mechanistic studies confirm a
transient decrease in basophil reactivity but no change in
the number of Tregs.34 Such findings are mirrored in aero-
allergen SCIT where Omalizumab has been shown to decrease

Table 1D. Wheat oral immunotherapy.

Study
Food

allergen N
Age
Range

Study
design

Maintenance
Dose

Desensitization
Outcome Long-term results Adverse events

Sato et al.
201560

Wheat
noodles.

18 5–
13 years.

Open-
label,
historical
controls.

5.2 g daily 89% reached
maintenance and
tolerating 5.2 g
daily.

After 2 years off OIT,
61% passed OFC,
9.1% in historical
control.

Rush/dose escalation: 26% (42/143) doses resulted
in symptoms; none required epinephrine.
Maintenance: 6.8% (486/5778) doses with
symptoms, 1 required epinephrine.

Rodriguez
del Rio
et al.
201459

Wheat
porridge
or pasta.

6 5–
11 years

Open-
label, no
control.

100 g daily 83% (5/6)
completed
maintenance, 80%
also tolerant of oat.

N/A Up-dosing: 6 adverse reactions in 2 patients
(6.25%, 6/96 doses). Maintenance: 1 patient had
exercise-induced symptoms.

Table 2. Therapy for pollen food syndrome.

Author/
Year of
publication Food Pollen Route Intervention

Age
(years) N Outcome Limitations

Moller C
1989 89

Apple Birch SCIT SCIT (Birch Pollen)
vs OIT (Birch pollen)

21–47 15 neither intervention improved
food sensitivity significantly

Herrmann
D et al.
199590

Apple Birch SCIT Observational study Adults 20 improvement in 56% of
patients

not a controlled study

Asero et al.
199891

Apple Birch SCIT SCIT (aluminum
hydroxide-adsorbed
birch pollen
extracts) vs. no
treatment

Mean age
34.4 years

SCIT: 49 Controls 22 treatment group 45%
complete resolution, 39%
partial reduction, 16%
unchanged control group 0%
unchanged

No information about food
challenge methodology, age or
gender of subject allocation

Bucher
et al
200492

Apple/
Hazelnut

Birch SCIT SCIT (birch-hazel-
alder± ash pollen
extract) vs no
treatment

SCIT: 15 Controls: 12 87% of the treatment group
and 8% of control group
improved tolerance after
treatment

no sham group; no
randomization

Hansen
et al.
200493

Apple Birch SCIT
&
SLIT

Double-blind,
double-dummy
placebo-controlled
Birch pollen SCIT
and Birch pollen
SLIT

mean 32 M: 42, F: 32. Actual
number of challenge
confirmed PFAS
subjects SCIT 10, SLIT
4, Placebo 10

No significant change in
number of subjects who
passed a food challenge

a small number of subjects for
SLIT, Two-step challenge 10g of
apple and whole apple not
sensitive for detecting changes
in tolerated dose.

Kinaciyan
et al.
200794

Apple Birch SLIT Birch pollen SLIT 21–47
mean
33.2

M: 5 F:15 No significant change in
DBPFC (VAS) score

DBPFC used VAS to fixed dose
not threshold dose of reactivity

Mauro
et al
201195

Apple Birch SCIT
&
SLIT

Birch pollen SCIT
and SLIT

18–60
mean
37.8

SLIT (M: 11,F: 9) SCIT
(M: 10, F: 10)

25% of SCIT and 14.2% of SLIT
complete tolerance, 37.5% of
SCIT and 28.6% of SLIT
developed increase in the
provocative dose

No Placebo group

Kopac et al
201296

Apple Birch OIT Apple OIT 18–61 OIT (M: 9, F:18);
Control (M: 3, F: 10)

17/27 subjects in treatment
and 0/13 subjects in control
achieved desensitization

Open challenges

Kinaciyan
et al.
2017 97

Apple Birch SLIT Bet v1 SLIT, Mal d1
SLIT or Placebo

18–65 Bet v1 SLIT: 20, Mal
d1 SLIT: 20 and
Placebo: 20

Mal d1 SLIT performed
significantly better than Bet
v1 SLIT or placebo in Mal d 1
sublingual challenge

No Apple challenge

SCIT – Subcutaneous Immunotherapy, SLIT – Sublingual Immunotherapy, OIT – Oral Immunotherapy, Bet v1 SLIT – SLIT using the recombinant birch pollen protein
Bet v1, Mal d1 SLIT – SLIT using the recombinant apple protein Mal d1
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the adverse effect and anaphylaxis related to ragweed rush
immunotherapy;117 have a synergistic effect in decreasing
seasonal allergic rhinitis symptoms,118 and improve the safety
and efficacy of SCIT in allergic asthma.119–121 Newer biologics
such as Dupilumab (Anti-IL4 Receptor) that have a more
direct effect on atopy might have a greater effect on T-cells
improving rates of desensitization and are the subjects of
ongoing studies.

Encapsulated allergen

Encapsulation of allergen is a new concept in the allergy world
but has been studied and used extensively in pharmacology.
Nanoparticles or microparticles can be used to enclose aller-
gens. These can then be injected or ingested like other forms
of AIT. The chief advantage of encapsulating allergen is that it
can help potentially shield the allergen from mast cells. Other
benefits may include reduced allergen dose, co-encapsulation
of adjuvants, targeting and improved uptake. Encapsulating
agents include Liposomes, Virus-Like particles, natural poly-
mers (Chitosan, Dextran)122 and synthetic polymers (poly
(lactic acid), poly (lactic-co-glycolic acid) (PLGA))

A randomized placebo-controlled trial of Liposome encap-
sulated dust mite extract was noted to be safe and effective in
55 asthmatics.123 Over 12 months of therapy, medication
scores were reduced and healthy days increased. The study
documented reduced allergen-specific responses in skin tests
and bronchial challenges. The study did not include extensive
mechanistic investigations. It did not compare responses (or
adverse effects) against conventional subcutaneous
immunotherapy.123

In an older study, which aggregated four small studies
assessing the cutaneous tolerance of the allergens, the safety
of empty and allergen filled liposomes and lastly the safety
and efficacy of liposomal therapy. The study concluded that
systemic safety was poor.124 However, their sample sizes were
limited (12 patients in 4 treatment arms). The same trial
noted reduced local reaction upon subcutaneous injection.
Interestingly, alpha-tocopherol used as an antioxidant in the
production of these liposomes caused contact dermatitis in
two patients. Despite the promise of lower rates of allergic
reactions and extensive development of liposome-based thera-
pies in other fields such as oncology there have been no new
trials in this field. It is not clear if this is due to unpublished
negative data, lack of funding or lack of interest.

The use of TLR ligands

Besides liposomes, studies have used virus-like particles for
allergic rhinitis.1,125,126 VLP with CpG, a TLR9 ligand has
been used with125 and without allergen immunotherapy. In a
dose-ranging study of 299 subjects, subjects treated with the
highest dose a VLP containing CpG, without an allergen, had a
significantly reduced combined symptom and medication
score.126 In a subsequent study, 20 patients underwent open-
label therapy with the CpG containing VLP and conventional
house dust mite extract in increasing doses over ten weeks.
Conjunctival provocation eliciting dose and protective changes
IgE and IgG levels improved.125 In this study House dust mite
was adsorbed on alum which is a confounder. A 2006 study that
utilized ragweed conjugated to CpG (without Alum) showed
similar promise with significant improvement in symptom
scores over two seasons following a single treatment.
However, a follow-up phase 2 study for Amb a 1 CpG conjugate
was prematurely withdrawn due to no meaningful effect in the
first ragweed season (ClincalTrials.gov NCT00387738). The
same company has since launched a clinical trial using a pro-
prietary TLR9 agonist for eosinophilic asthma without a con-
jugated allergen (ClincalTrials.gov NCT02898662)

Several animal studies have explored various biodegradable,
and non-biodegradable substrates have been studies in animal
models. These studies are summarized by Pohlit et al.127

Conclusion

Immunotherapy of allergic disorders is entering a new phase.
New therapies are available, particularly for food allergies. There
is an improved understanding of the immunological changes
that occur during immunotherapy. This has led to the develop-
ment of new formulations and methods of administering
immunotherapy. While local effects on the immune milieu
occur with sublingual, oral and epicutaneous immunotherapy,
the core immunological changes in mast cells, antibody produc-
tion, and T-cell changes follow a similar pattern. Our under-
standing of immunology has led to the investigation of
adjuvants such as CpG to improve efficacy, anti-IgE therapy
to reduce adverse effects, and encapsulating-agents that do both.

The route of allergen administration influences efficacy
and adverse effects. As illustrated in the treatment of food
allergies there are tradeoffs between efficacy and adverse
effects. Further studies would be needed to determine if

Table 3. Table intralymphatic immunotherapy.

Author/Year Disease Allergen Intervention Age (years)
Number of
Patients Outcome

Hylander
et al.
2016106

Allergic
Rhinitis

Birch or
grass
pollen

Double Blind
Randomized Placebo
Control

20–54 21 (8 females)
(15 controls)

Overall met the primary endpoint of symptom reduction by VAS.

Senti et al.
2008104

Allergic
Rhinitis

Grass
pollen

ILT vs. SCIT 32 ± 8.7 years 58 ILT (20
females)54
SCIT

ILT was safe, effective, induced tolerance faster and tolerance was
durable

Senti et al.
2012103

Allergic
Rhinitis

Cat (MAT-
Fel d 1)

Randomized Placebo
controlled

34.6 ± 11.9 12 (8 Females)
8 Placebo

Met the primary end point of increased nasal tolerance

Lee et al.
2015104

Allergic
Rhinitis

Dust mite
cat, dog

Dust mite, cat and dog
ILT

Not reported 10 ILT can rapidly improve rhinitis symptoms, however severe
systemic reactions (2) and severe local reaction (1) occurred.
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therapy could be started with a low adverse effect modality
such as EPIT, and then transitioned to OIT.

Looking ahead, one of the significant challenges confront-
ing us is the patchwork of studies, without uniform meth-
odologies, limited comparability and a shortage of well-

designed head-to-head comparisons of different treatment
modalities. The multitude of allergens further exacerbates
this problem. As an example, all the studies on pollen-food
allergy syndrome use one of two pollen-food combinations,
birch-apple or birch-hazelnut. The question remains – are the

Table 4. Oral immunotherapy combined with Anti-IgE therapy.

Study Food N Age Study Design
Duration of
Omalizumab

Target
Maintenance

Dose Adverse effects Desensitization

Nadeau
et al.
2011111

Milk 11 7–17 years Open-label Single
arm, Rush OIT, Total
duration of OIT
24 weeks

16 wk (Pre
OIT 8 wks)

2000 mg of
Milk protein

Total 1.8% (41/2301
doses) Severe 0.1%
Epi 3/2301

Desensitization:
82% (9/11)
achieved the
primary objective
of desensitization
to a daily dose of
2000 mg milk

Wood et al.
2016110**

Milk 57 (O 28, P 29) 7–32 years Randomized
double-blind
placebo controlled
for Omalizumab.
Unblinded milk
administration, dose
escalation
22–40 weeks,
Duration of OIT
28 months

28 months
(Pre-OIT
4 months)

3800 mg of
Milk Protein

Total during
escalation O: 8.5%
(442/5226doses) P:
26.1% (1634/6252
doses) Maintenance
O: 0.7% (110/15418
doses) P: 14.4%
(1983/13745 doses)
Epi O: 2 subjects (2
doses) P: 9 subjects
(18 doses)

No significant
difference in
desensitization
Omalizumab (24/
27; 88.9%) and
Placebo (20/28;
71.4%) (P = .18)

Schneider
et al.
2013112

Peanut 13 7–15 years Open-label Single
arm, Rush
escalation, Duration
of OIT: from
12 weeks to
30–32 week

20 weeks
(Pre-OIT 12
wks)

4000 mg of
peanut
protein

Total 2% (72/3502)
Epi 3 subjects 5
doses

Desensitization:
92% (12/13)
tolerated oral food
challenge with
8000 mg peanut
flour (about 20
peanuts)

MacGinnitie
et al.
201749

Peanut 37 (O 29, P 8) 6–19 years Randomized
double-blind
placebo-controlled
for Omalizumab.
Unblinded peanut
administration,
Open-Label
Omalizumab (2
active, 6 control)
who failed to reach
250mg of peanut by
week 8

19 weeks
(Pre-OIT 12
wks)

2000 mg of
peanut
protein

Epi – 8 subjects (14
reactions) P: 2
subjects (3
reactions), O: 3 (4
reactions), Open-
label 7 doses. EoE
8% (3/37) (2 in the
active group and 1
in control)

Desensitization to
2000 mg of peanut
protein 6 wk after
withdrawal of
omalizumab.
Omalizumab 79%
(23/29) Placebo
12.5% (1/8)
p < 0.01

Lafuente
et al.
2014113

Egg 3 9–10 years Case series in OIT
failures

4–7 months
(Pre-OIT 8–12
wks)

1 egg 3 times
a week

3/3 patients had
recurrence of
symptoms 3–4 mo
after omalizumab as
discontinued

Desensitization to
50 ml egg white:
100% (3/3)

Begin et al.
2014114

Multiple 25 4–15 years Open-label single-
arm Phase 1. Up to
5 allergens; rush
escalation

16 wk (Pre
OIT 8 wks)

4000 mg of
protein for
each food

rush phase 52% of
subjects; escalation
5.7% (13/227 doses)
Maintenance 5.3%
(401/7530 doses)
Epi 1 dose

76% (19/25)
tolerated all 6
steps of the initial
escalation day (up
to 1250 mg of
combined food
proteins), requiring
minimal or no
rescue therapy. All
subjects achieved
4000mg/food by
9 months

Martorell-
Calatayud
et al.
2016115

Milk,
Egg

N = 14 (Egg 9, Milk
5)

3–13 years Case series Open-
label single arm OIT
in patients who
failed conventional
OIT

Variable till
2 months
after
maintenance
dose is
achieved
(Pre-OIT 9
wks)

Milk: 200ml
(6600 mg
Milk protein),
Egg white
17 ml
(1800mg egg
protein)

Rush phase: 28% (4/
14) Late
maintenance (2.5–
4 months after
discontinuation of
omalizumab): 42%
(6/14)

Desensitization:
100% after end of
induction phase
(egg and milk)

Key: O – Omalizumab, P – Placebo, OIT – Oral Immunotherapy, Epi – Epinephrine administration, wk – weeks.
**Key study.
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results of birch-apple generalizable to all pollen-food combi-
nations, or even to all birch related foods?

The other major challenge is the long duration of therapy.
SCIT, SLIT, OIT, and EPIT are all associated with treatments
that last months to years, and for food allergies may even be
life-long. Intralymphatic therapy promises to shorten the
duration of therapy, but the relevant studies are limited to a
handful of aeroallergens.

Disclosure of potential conflicts of interest
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