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Purpose of review

The dramatic increase in food allergy stresses the need for more definitive treatment strategies that induce
lasting oral tolerance in tandem with more effective approaches to primary prevention. Allergen-induced
oral tolerance is now of prime interest in both of these settings as a potentially more effective approach to
traditional avoidance strategies. Here, we review the recent randomized controlled trials (RCTs) examining
the controlled allergen exposure in both treatment and prevention of food allergy.

Recent findings

Collectively, RCTs of oral immunotherapy (OIT) for the treatment of food allergy increase the amount of
food allergen that can be tolerated. Allergic side-effects are common and this remains a major obstacle to
general use in clinical practice. There are also at least eight RCTs currently in progress investigating early
allergen exposure for the primary prevention of food allergy.

Summary

OIT is showing promise as a possible treatment for food allergy; however, more large, longitudinal studies
are needed to optimize both safety and efficacy and to assess the long-term effects, before this can be
considered in clinical practice. The results of the primary prevention studies will be of great importance in
determining the role of earlier introduction of allergenic foods in reducing the burden of food allergy.
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INTRODUCTION

The incidence of food allergy has increased
dramatically over the last 10–20 years, with the
greatest burden of this new epidemic affecting
young children particularly in their first years of
life. In developed regions such as Australia, recent
studies have found more than 20% of 1-year-olds are
now sensitized to foods and that more than 10%
have clinical challenge-proven, IgE-mediated food
allergy [1]. Food anaphylaxis in preschool children
has also substantially increased, with a five-fold rise
in over just 10 years [2]. Similar trends are now
emerging in the developing regions [3]. Along
with increasing persistence of disease [4], this is
contributing to a growing burden of food allergy
in many communities.

Traditionally, the only treatment available for a
food allergy has been a strict avoidance diet of the
food allergen. These diets are difficult to maintain,
and accidental exposure is still likely, with many
individuals on avoidance diets still experiencing
iams & Wilkins. Unautho
severe reactions [5]. The ever-present fear of poten-
tially life-threatening reactions places the families
under enormous stress, and has been shown to
substantially decrease the quality of life when
compared with the general population, and to an
even greater extent than seen in other chronic
conditions [6].

There has been recent debate around whether
allergen ‘controlled exposure’ rather than ‘complete
avoidance’ may be the ultimate solution for
both treatment and prevention of food allergy.
The merits of various allergen-based delivery
rized reproduction of this article is prohibited.

Volume 13 � Number 3 � June 2013

mailto:debbie.palmer@uwa.edu.au


KEY POINTS

� Controlled food allergen exposure may be a more
favourable approach than food allergen avoidance in
both primary prevention and treatment of food allergy.

� Oral immunotherapy trials are providing evidence that
oral desensitization is possible in some food allergic
individuals; however, concerns about safety and
sustained effectiveness need to be addressed before
translation into routine clinical practice can occur.

� Results from the ongoing trials using early regular food
allergen exposure for the primary prevention of food
allergy are eagerly awaited.

Role of allergen exposure in food allergy Metcalfe et al.
strategies are currently being investigated in an
attempt to reduce the burden of food allergy, includ-
ing subcutaneous injections, sublingual therapy
and oral immunotherapy (OIT), which has also
been referred to as specific oral tolerance induction
(SOTI) and oral desensitization. Although the
doses and intervals vary widely between the studies
and delivery methods [7], each of these strategies
generally involves the regular administration or
ingestion of small ‘doses’ of a particular food
allergen with gradual up-scaling to achieve ‘main-
tenance’ doses aimed at inducing lasting immune
tolerance. The role of regular early introduction of
allergenic foods (such as egg and peanut) during
infancy is also currently being investigated for the
primary prevention of food allergy in a number of
randomized controlled trials (RCTs). This review
will largely focus on the RCTs published (or in
progress) over the last 5 years (2007–2012) using
OIT for either the treatment or the prevention of
food allergy. Trials on subcutaneous injections or
sublingual therapy approaches are beyond the scope
of these discussions.
ORAL IMMUNOTHERAPY PROTOCOLS
FOR THE TREATMENT OF FOOD ALLERGY

The notion of using immunotherapy for the
treatment of food allergy is not new; however, high
rates of serious adverse events during early attempts
with subcutaneous food immunotherapy deterred
further studies and this method was deemed unsuit-
able for routine clinical practice [8,9]. Alternatively,
orally administered food allergens in gradually
increasing doses have demonstrated more promise
as a treatment method in both case studies [10,11]
and uncontrolled trials [12,13]. Although there are
now multiple trials investigating the efficacy and
safety of OIT for the treatment of food allergy, many
are still uncontrolled [14–18].
Copyright © Lippincott Williams & Wilkins. Unau
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One of the first published controlled trials of
OIT by Patriarca et al. [19] demonstrated that oral
desensitization to a wide variety of food allergens
(including cow’s milk, egg and fish) was effective
in 83% of participants in the treatment group,
compared with none of the participants on a food
allergen elimination diet. These favourable findings
in a controlled study design gave greater credence
to OIT as a definitive therapy in some patients,
prompting many other investigators to refine
protocols and further study this concept, focusing
on the most common food allergens such as hen’s
egg, cow’s milk and peanut. Traditionally, control
groups consisted of individuals randomized to
maintain an ‘allergen-free’ diet as in the study by
Patriarca et al. and it is only recently that placebo
products have been introduced to enable the use
of gold-standard, double-blinded randomized con-
trolled study design. The use of a double-blinded
RCT design improves the available quality of evi-
dence for the efficacy and safety of OIT for food
allergy treatment.

Since 2007, there have been eight published
RCTs [20

&&

–22
&&

,23–27] examining the effect of
OIT on cow’s milk (six of eight), hen’s egg (three
of eight) and peanut (one of eight) allergic children.
The different protocols and designs of each of these
[20

&&

–22
&&

,23–27] are shown in Table 1. One of the
distinct differences in the design of these studies is
that four used an unblinded RCT protocol in which
the control group maintained an allergen-free diet
[22

&&

,25–27], whereas the other four trials used a
blinded, placebo-controlled study design [20

&&

,21
&&

,
23,24]. Dosing schedules, treatment periods and
measures of efficacy varied across trials, making
the direct comparison difficult. However, they all
generally followed the same basic three-phase
treatment. This involves an initial gradual oral
introduction of a food allergen, followed by dose
escalations over time to reach a maintenance dose,
which is then consumed regularly. Protocols range
from 4 to 24 months in the treatment duration and
all performed an oral food challenge (OFC) at com-
pletion to measure the efficacy of the treatment.
OUTCOMES AND CLINICAL EFFICACY OF
ORAL IMMUNOTHERAPY FOR THE
TREATMENT OF FOOD ALLERGY

A variety of methods have been used to evaluate
the efficacy of OIT in these trials (Table 1); how-
ever, all include a clinical measure, usually a
double-blinded, placebo-controlled food challenge
(DBPCFC) in combination with skin prick testing
(SPT) and immunological markers such as immuno-
globulin E (IgE) and immunoglobulin G4 (IgG4)
thorized reproduction of this article is prohibited.
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concentrations. Some investigators have measured
clinical efficacy as an increase in the median
threshold amount of allergen tolerated in a DBPCFC
at both baseline and at the end of treatment
[21

&&

,24]. Alternatively some determined efficacy
by a pass or fail determination, based on the ability
to ingest a total fixed amount of allergen after the
intervention period [20

&&

,22
&&

,23]. Reporting an
‘increase in threshold’ gives a more comprehensive
picture than that of a simple ‘pass or fail’ determi-
nation, as even children who ‘fail’ a challenge may
have shown a marked increase in threshold from
their initial baseline challenge. Results have been
also reported as ‘full tolerance’, which has been
defined as an ability to ingest the entire challenge
amount, or ‘partial tolerance’ if the child was able
to ingest more than at baseline, but experienced
allergic symptoms before completing the challenge
[25,26].

Regardless of the varying protocols and aller-
gens, all of these RCTs demonstrated an increase
in threshold from baseline to the end of treatment in
participants receiving OIT (Table 1). In the study by
Skripak et al. [24], the median threshold dose of
cow’s milk tolerated significantly increased in the
active group from 40 to 5140 mg of protein after
OIT, compared with no change in the placebo
group. Additionally, the seven children in the
placebo group went on to receive the active OIT
treatment and achieved an increase in the median
dose threshold from 40 to 8140 mg. These findings
are also consistent with Varshney et al.’s [21

&&

] study
with peanut, in which there was an increase in the
median threshold in the OIT group from 280 to
5000 mg of protein (approximately 20 peanuts),
compared with no increase in the placebo group.
Despite these promising observations, a recent
meta-analysis deemed there to be insufficient
evidence to show any greater clinical benefit of
OIT for patients compared with the use of a standard
elimination diet [28

&

]. In this meta-analysis how-
ever, there were only three RCTs available [24–26]
that fit the inclusion criteria and these studies were
greatly heterogeneous, making it difficult to provide
any statistical significance.

The ultimate goal in the treatment of food
allergy is to induce complete and ‘permanent’
immune tolerance to the food allergen, where the
individual remains tolerant even after long allergen-
free periods. Although OIT appears to be effective
whilst the allergen is being consumed regularly,
the long-term effects are still uncertain and likely
to vary between individuals. Two of the aforemen-
tioned studies [20

&&

,26] investigated this by includ-
ing an allergen-free period prior to the final OFC,
addressing the question of efficacy with regard to
Copyright © Lippincott Williams & Wilkins. Unau
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long-term immune tolerance. The study by Staden
et al. [26] included a 4–6-week food allergen (cow’s
milk and egg) free period before the final OFC
and demonstrated a lower efficacy rate than other
studies, with only 9 of 25 (36%) children in the OIT
group able to fully pass the OFC. Interestingly,
there was no difference between intervention and
control groups, as the control group also had 35% of
children exhibiting total tolerance (fully passing
the OFC). Burks et al. [20

&&

] also demonstrated a
decrease in tolerance after an allergen-free period.
After 22 months of egg OIT, 75% of children passed
an OFC; however, after a further 2 months on
an egg-free diet, this number dropped to 28%. This
is consistent with the notion that OIT induces
‘transient tolerance’, whereby the tolerance state
is maintained through regular oral ingestion of
the allergen, but is not sustained with periods of
allergen avoidance [29]. This however has not been
studied extensively and more research is needed to
assess the long-term efficacy of OIT.

The best age to commence OIT and the food
allergens best targeted also require further investi-
gation. Cow’s milk and egg allergy are more pre-
valent in early childhood, yet also more transient
as resolution is common with age [4,30]. This has
led to questions about the timing and efficacy of
OIT with cow’s milk and egg, as it can be difficult to
differentiate between the natural resolution and the
active induction of tolerance by OIT. However, RCTs
in which the intervention and control groups are
age-matched should address this issue.
IMMUNOLOGICAL EVIDENCE FOR
TOLERANCE INDUCTION FOLLOWING
ORAL IMMUNOTHERAPY

Oral tolerance is described as an active immunologi-
cal process to facilitate nonresponse to any antigen
administered orally, and allergy reflects a break-
down of this process [31]. Allergen-specific immuno-
globulins are well recognized markers reflecting
the underlying cellular processes involved in the
development of an allergic or tolerant phenotype.
Most OIT studies have examined the changes in
specific IgE and IgG4 in response to the treatment.
As with many studies of subcutaneous immuno-
therapy, allergen-specific IgG4 has been a useful
marker of the development of immune tolerance,
without necessarily any sustained decline in IgE
levels [32]. Whereas some studies observed that
specific IgE levels decreased significantly after cow’s
milk and egg OIT [22

&&

,25,26], some of these saw
the same pattern in the control group children who
developed natural tolerance on an elimination diet
[26]. Other studies reported no change in the IgE
thorized reproduction of this article is prohibited.
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levels in the OIT group from baseline or when com-
pared to the control group [23,24].

Although specific IgE results are conflicting,
changes in allergen-specific IgG4 are more consist-
ent across the trials, with most showing significantly
increased levels after OIT. Skripak et al. [24] saw an
increase in the median cow’s milk specific IgG4 of
767% in the treatment group compared with no
change in the placebo group. Burks et al. [20

&&

]
established that IgG4 levels were significantly
higher in participants who were tolerant to egg
than those children who reacted at all challenges
(P<0.02). Little is known about the mechanistic
role of IgG4 in tolerance induction, but it is thought
to interfere with IgE antigen binding [29]. More
recently, the allergen-specific IgE-to-IgG4 ratio has
been investigated in egg allergy as the best predictor
for clinical reactivity and has been shown to be more
effective than either IgE or IgG4 alone [33

&

]; how-
ever, this has not been reported as an outcome
measure in any of the above-mentioned OIT trials.
THE SAFETY OF ORAL IMMUNOTHERAPY

OIT has shown promise in inducing tolerance in
food allergic children, both clinically and immuno-
logically; however, the safety of such treatment is
still of concern and a key reason that this has not
been translated into routine clinical practice. Most
children receiving OIT have reportedly experienced
allergic symptoms at some point during the treat-
ment. The majority of these reactions occurred
during the dose-escalation phase in hospital
[20

&&

]. Most were mild-to-moderate symptoms and
resolved spontaneously or with a dose of anti-
histamine. Minor cutaneous or abdominal reactions
make up the bulk of the overall symptoms observed
with OIT, but there have also been cases of serious
adverse events including respiratory and systemic
reactions requiring epinephrine. Nearly all of the
serious adverse events occurred during the hospital
visits and were treated by the medical staff; however,
there were four cases that occurred at home in two
of the cow’s milk studies [24,25]. Three of these
four doses were related to the OIT treatment; how-
ever, one case was in the control group because of
accidental exposure [24].

As the inclusion criteria between these trials
were heterogeneous, the overall risk associated with
the allergen exposure varies with the population
characteristics of the children enrolled. Although
most studies excluded children with a history of a
severe reaction or anaphylaxis, Longo et al. [25]
enrolled severely cow’s milk allergic children, of
whom 78% had specific IgE levels above 100 kU/l,
and also a history of at least one severe reaction to
opyright © Lippincott Williams & Wilkins. Unautho
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cow’s milk. As a result, this particular group of
children experienced more adverse events than
observed in other studies. Five doses of epinephrine
were administered for serious reactions to OIT,
which accounted for one-third of the total doses
of epinephrine given across all the RCT OIT studies
included in this review.

Adjunctive administration of recombinant
monoclonal anti-IgE therapy may be a promising
strategy to address some of the safety concerns
associated with OIT [34

&&

]. This may be particularly
useful during the early stages of OIT when reactions
are most common and severe. The use of anti-IgE is
expensive, but has been shown to be effective in
reducing the number of severe allergic reactions
during ragweed immunotherapy [35] and has also
been used to reduce allergic symptoms observed
during oral peanut challenges [36]. Research is on-
going to further explore this possibility.

Children with food allergies are at risk of
an allergic reaction even on an elimination diet
because of accidental exposure, and with the rise
of processing in the food industry, it can be difficult
to avoid the hidden allergens [37]. The increased risk
of OIT when compared with a standard elimination
diet is still uncertain, and more RCTs are needed
on a larger scale for each particular allergen to deem
whether this treatment is effective in a cost vs.
benefit analysis. OIT dose escalations seem to
induce the majority of allergic reactions and they
are typically performed in a controlled environ-
ment, under the direct supervision of medical staff.
This generally ensures the child is tolerant prior to
home dosing, and even in the initial stages of these
trials children are consuming more food allergen
than they have previously, which could reduce the
risk of a reaction because of accidental exposure.

Of concern for clinical practice is the somewhat
unpredictable nature of immune tolerance, in
which the immune responses and the threshold
for reactivity can be affected by other factors such
as infection and exercise [26]. It is therefore vital for
all participants to have the necessary medication
and auto-injectors at home, in case a previously
tolerated dose causes a reaction when the immune
system is compromised.
ALLERGEN EXPOSURE IN THE PRIMARY
PREVENTION OF FOOD ALLERGY

There are currently a number of RCTs investigating
the role of allergen exposure in the primary preven-
tion of food allergies. These current trials (summar-
ized in Table 2) are testing the hypothesis that early
regular exposure to food allergens in infancy is more
likely to induce oral tolerance, and reduce the risk of
rized reproduction of this article is prohibited.
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food allergy development, than avoidance or
delayed exposure.

The majority of the current RCTs are investi-
gating the timing of introduction to one specific
food allergen, either hen’s egg or peanut. However,
the inclusion criteria differ among these trials (see
Table 2), in which the risk of food allergy develop-
ment is varied; high-risk infants with eczema are
being investigated in Starting Time for Allergy
Reduction (STAR), Learning Early About Peanut
(LEAP) and Preventing Peanut Allergy in Atopic
Dermatitis compared to intermediate-risk (family
history of allergic disease) infants in Starting Time
for Egg Protein (STEP) and Beating Egg Allergy
Trial (BEAT). Additionally, some of the trials (e.g.
BEAT and LEAP) are excluding infants with specific
food allergen sensitization prior to randomization
compared with other trials that are not (STAR
and STEP). The Enquiring About Tolerance study
in the United Kingdom is unique in investigating
the intervention of exclusive breastfeeding until
3 months of age, then sequential introduction
of cow’s milk, egg, fish, wheat, sesame and peanut
from 3 months of age compared with exclusive
breastfeeding until around 6 months of age.

One of these RCTs, our own study investi-
gating the role of early egg exposure in food
allergy prevention (the STAR trial) is now complete
and the results have been submitted for publication.
One particularly interesting finding from this
trial was that a significant proportion of high-
risk infants with eczema already had established
food sensitization and clinical reactivity (including
anaphylaxis) prior to the introduction of solid
foods at 4–5 months of age. This indicates that
the processes leading to food allergen sensitization
are already strongly established by this age in
some infants, and that even earlier preventive
interventions will ultimately be required. This
underscores the pressing need to better define
the events around much earlier to the food aller-
gen encounter and it is essential to have a better
understanding of the antecedent events that lead
to the establishment of food allergy so early in
infancy.

In the primary prevention of food allergy,
exposure to ‘food allergens’ is only one component
of a much bigger story, in which optimizing
conditions during early critical periods of immune
programming is vital to promote oral tolerance
induction. The dose, timing and delivery method
of the food allergen require investigation in tandem
with other strategies that promote tolerogenic
conditions such as optimizing early gut coloniza-
tion, nutritional patterns and reducing exposure to
pro-inflammatory factors.
opyright © Lippincott Williams & Wilkins. Unautho
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CONCLUSION

Prevention strategies are of prime importance as
rates of food allergies in children continue to
increase. The results of current RCTs investigating
the early regular exposure to food allergens in
infancy for the primary prevention of food allergy
are eagerly awaited. For the treatment of established
food allergy, more studies are needed in relation
to each of the specific food allergens in order to
adequately assess both the efficacy and safety of
food allergen exposure. Adjunctive administration
of anti-IgE therapy with OIT may be a way forward
to address the safety concerns associated with
‘intentional’ allergen exposure. Recent studies are
adding to a body of growing evidence that exposure
may be a better alternative to avoidance; however,
at this point, there is not enough evidence available
for a shift in the current, routine clinical practice.
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