IgE and non-lgE-mediated food allergy: treatment in 2007
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Purpose of review

Our understanding of the mechanism of food allergy has
substantially increased over the past decade. Food allergies
can be classified into those that are IgE mediated and those
that are non-IgE mediated.

Recent findings

Various advances have been made in treating IgE-mediated
food allergies. A phase Il clinical trial of a second anti-IgE
antibody, omalizumab, was recently initiated in subjects
with peanut allergy, but was stopped as a result of safety
concerns after severe reactions occurred during initial oral
challenges. Oral immunotherapy is showing promise in
various studies on patients with IgE-mediated food
allergies. Gastrointestinal food allergic disorders involving
non-IgE-mediated food allergies have recently received
attention, particularly eosinophilic esophagitis. Although
amino acid-based formula therapy remains the most
successful in controlling inflammation and symptoms in
these disorders, other therapeutic options including various
dietary elimination protocols and swallowed fluticasone are
showing success. Anti-IL-5 therapy may prove to be a
promising future therapeutic option for refractory patients.
Summary

Although there are no specific therapeutic
recommendations for many IgE-mediated and
non-lgE-mediated food allergic disorders besides allergen
avoidance, various novel approaches are currently

being investigated and may influence treatment
approaches in the future.
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Introduction

Food allergies affect an estimated 6% of young children
and 3.7% of adults in the United States [1,2]. During the
past decade, our understanding of food allergic diseases
and manifestations has substantially increased. We can
classify food allergies into those that are IgE mediated
and those that are non-IgE mediated.

IgE-mediated reactions develop when food-specific
IgE antibodies residing on mast cells and basophils
come into contact with and bind circulating food
allergens and activate the cells to release potent
mediators and cytokines. In non-IgE-mediated food
allergic disorders, multiple inflammatory cells and
their mediators play a role in immunopathogenesis.
Activation of lymphocytes and the recruitment of eo-
sinophils and mast cells are cardinal features of many of
these diseases. IgE-mediated reactions are typically
rapid in onset, mostly involve the skin, and may lead
to anaphylaxis; whereas non-IgE-mediated disorders
become evident hours to days after allergen ingestion,
and mostly manifest in the gastrointestinal tract. IgE-
mediated gastrointestinal disorders include gastrointestinal
anaphylaxis and oral allergy syndrome. Non-IgE-mediated
gastrointestinal allergic disorders include food protein-
induced enterocolitis, proctocolitis and enteropathy. Some
gastrointestinal diseases, such as eosinophilic esophagitis
and gastroenteritis, involve both IgE and non-IgE-
mediated mechanisms [1].

The mainstay of the management of food allergies
remains focused on prevention by avoidance of the
allergenic foods. Multiple advances in the field have,
however, led to various therapies that may eventually
complement or even replace food avoidance. The pur-
pose of this summary is to discuss these various treatment
modalities, focusing mainly on gastrointestinal food
hypersensitivities.

IgE-mediated food allergies

The mainstay of the management of IgE-mediated food
allergies still consists of prevention, by avoiding exposure
to the offending allergenic foods. This involves extensive
education to patients and their caregivers about the
proper reading of packaged food labels. New labeling
legislation that came into effect during the past year in
the United States and Europe has made this task easier,
by mandating clear labeling and enforcing ingredient
statements on packaged food labels [3°], and declaring
information relating to the presence of possible allergenic
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residues from processing other foods in the same food
manufacturing company.

Patient education also involves teaching to avoid high-
risk situations such as buffets, encouraging patients to
wear Medic Alert bracelets, teaching to recognize early
symptoms of allergic reactions and to manage an anaphyl-
actic reaction, including the use of self-injectable epi-
nephrine and activating emergency services [1,4]. Several
educational materials are available through organizations
such as the Food Allergy and Anaphylaxis Network in
the United States and the Anaphylaxis Campaign in
the United Kingdom to assist patients in avoiding food
allergens. Despite the above educational efforts, signifi-
cant reactions continue to occur. Fortunately, various
therapies for [gE-mediated allergies are being explored,
eventually to be used either in conjunction with allergen
avoidance, or to replace it altogether.

Anti-IgE therapy

Humanized monoclonal anti-IgE antibodies have been
developed. To date, only one study by Leung ez 4/. [5] has
examined the role of anti-IgE in food allergy. In their
double-blind, placebo-controlled study on patients with
peanut allergy, patients were randomly assigned to
receive monthly subcutaneous injections of placebo or
one of three doses of the anti-IgE TNX-901 (Tanox
Biosystems, Houston, Texas, USA), 150, 300 and
450 mg. 'TNX-901 at a dose of 450 mg increased the
threshold for sensitivity to peanut to a level that confers
protection against most unintended peanut ingestions in
76% of patients. The drug was well tolerated. Further
investigation using this antibody was discontinued after
an agreement among pharmaceutical companies that
were involved in the development of anti-IgE therapies.

Omalizumab (Genentech, South San Francisco, Califor-
nia, USA) is another monoclonal antibody against IgE,
approved for use in patients with moderate to severe
persistent allergic asthma, and shown to be effective for
use in patients with allergic rhinitis [6,7]. A phase II
multicenter clinical trial was recently initiated using this
antibody for patients with peanut allergy, but had to
be discontinued prematurely because of concerns with
the safety of the oral peanut challenges in some study
subjects. Insufficient data were obtained to reach any
conclusions about the efficacy of omalizumab, but there
was a slight trend towards greater peanut tolerability in
subjects treated with omalizumab compared with placebo

[8].

Anti-IgE therapy may eventually prove to be useful as
an adjunct to allergen avoidance, and may prove to be
protective against other food allergies in the same
individuals. It may, however, have to be administered
indefinitely.
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Immunotherapy

Given the high incidence of systemic reactions
using standard subcutaneous immunotherapy for IgE-
mediated peanut allergy [9,10], oral immunotherapy has
been investigated as an alternative over the past few
years, with variable results. Recent studies have been
encouraging, however, demonstrating its safety and effi-
cacy in increasing tolerance to the food allergen. A
randomized, double-blind, placebo-controlled study
using the sublingual administration of hazelnut extract
demonstrated effectiveness with minimal systemic reac-
tions [11]. Similarly, a 24-month egg oral immunotherapy
to non-anaphylactic children with egg allergy resulted in
increased tolerance to egg upon placebo-controlled oral
challenges to levels higher than those found in accidental
ingestions, without systemic side effects [12°]. Another
recent study using the sublingual administration of
increasing doses of various food allergens to children
with allergy to milk, egg, fish, wheat and apple, resulted
in an 86% success rate in those patients who completed
the treatment protocol, also with only mild side effects
[13].

More randomized studies on oral immunotherapy are
needed to determine the optimal starting and mainten-
ance doses, and titration schedules that would provide an
efficacious and safe therapy in the shortest period of time.
Although oral immunotherapy offers the advantage of
being administered at home, a regular intake of the
allergenic food seems to be necessary. Long-term efficacy
is also still to be determined.

Other immunotherapies using modified allergens are
currently being investigated in animal models. Mutated
allergen protein immunotherapy was studied in a murine
model of peanut anaphylaxis. Mutated recombinant Ara h
1, 2, and 3, administered subcutaneously or rectally with
heat-killed Listeria monocytogenes or Escherichia coli,
respectively, demonstrated effectiveness against anaphyl-
axis, accompanied by a decrease in peanut-specific IgE
levels, and decreased systemic T helper type 2 cytokines
[14,15].

Immunotherapy using the intact peanut allergen in con-
junction with heat-killed L. monocytogenes as an adjuvant,
was more recently studied in dogs with various food
allergies, with good results [16]. Immunized dogs were
clinically much less reactive to an oral allergen challenge,
and had lower IgE levels to the allergen.

Traditional Chinese medicine

In 2001, a Chinese herbal formula, food allergy herbal
formula 1, containing a mixture of 11 herbs believed to
contain anti-allergenic properties, was tested in a murine
model of peanut anaphylaxis, and was found to block
peanut-induced anaphylaxis and reduce peanut-specific
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IgE levels and systemic T helper type 2 cytokines [17].
More recently, a more simplified formula, food allergy
herbal formula 2, containing nine of the original 11 herbs
was tested in the same murine model, and was found to
be equally effective and safe [18]. Clinical trials using this
formula in patients with peanut allergy are awaited to test
its safety and efficacy in humans.

Non-lgE-mediated food allergies

Similar to [gE-mediated food allergies, the mainstay of
therapy for non-IgE-mediated food allergies consists of
the avoidance of the allergenic foods, although in this
type of allergy, the difficulty lies in the identification
of the allergens because of their slow, cell-mediated, non-
IgE mechanism of action. This makes prick skin tests
and serum measurement of food-specific IgE levels less
sensitive in detecting the food allergens. Furthermore,
the clinical reactivity to a food upon oral challenge may
take up to a few days to develop, which adds to the
difficulty in its identification. Most non-IgE-mediated
allergic disorders involve more than one food allergen.
Therefore, the overall approach to these disorders has
been slightly different than that for IgE-mediated
allergies.

Among the various disorders that involve non-IgE-
mediated food allergies, pediatric eosinophilic esopha-
gitis has been the most studied over the past few years
from a therapeutic standpoint. Eosinophilic esophagitis is
characterized by esophageal intraepithelial eosinophilic
infiltration. In eosinophilic gastroenteritis, tissue eosino-
philia is present in the stomach or duodenum, or both.
Some patients with this disease have concomitant
esophageal ecosinophilia. The treatment of food
protein-induced enterocolitis and proctocolitis has not
changed over the past few years. Below is a summary of
the current and potential future therapies for various
disorders that include non-IgE-mediated food allergies.

Amino acid-based formula therapy

The amino acid-based formula therapy approach was
first described in 1995 in 10 children with eosinophilic
esophagitis and associated severe gastroesophageal
symptoms. After 6 weeks of therapy with the formula,
most children had symptom resolution and a concomitant
resolution of esophageal intraepithelial eosinophilia [19].
The effectiveness of the amino acid-based therapy was
confirmed a few years later in a larger number of patients
by Markowitz ez a/. [20]. In that study of 51 children, all
but two patients had complete clinical and histological
resolution of their disease after one month of therapy.
In both studies mentioned above, the consumption of
one or two solid foods with low allergenic potential was
allowed [19]. Once disease resolution is achieved, solid
food introductions are gradually implemented while
monitoring for symptoms [21].

Amino acid-based formula therapy for eosinophilic gas-
troenteritis has been less well studied. It was, however,
shown to be safe and effective in maintaining growth in
children with this disease [22], and was recently reported
to be the most effective form of therapy for a severe
subset of patients with eosinophilic gastroenteritis, that
with concomitant protein-losing enteropathy [23°]. In
that retrospective study, all patients had an excellent
clinical response to treatment with an amino acid-based
formula, and tolerated the gradual addition of various
foods over time.

Although amino acid-based therapy is very effective and
safe, its major limitation is its lack of acceptability by
older children as a result of its taste, the large volume
that needs to be consumed, and the dramatic life-style
change imposed on them. At times, gastrostomy tube
feeding may be required for its administration [19,20].
Fortunately, more palatable formulae are currently
being introduced onto the market, which may make
this form of therapy more acceptable to pediatric
patients.

Dietary elimination

For eosinophilic esophagitis, various forms of dietary
eliminations were described. As food eliminations based
on prick skin tests alone proved to be non-efficacious
[23°,24] as a result of the mixed IgE and non-IgE-
mediated mechanisms of this disease, investigators have
tried to eliminate foods based on the combined results
of skin prick and patch testing with a 77% success rate
[25]. A major limitation of this therapeutic approach is
that patch tests to various foods are not standardized for
general use by allergists. In an observational study,
Kagalwalla ez a/. [26°] empirically removed six foods
thought to be highly allergenic from the diet of patients
with eosinophilic esophagitis. These included milk,
egg, soy, wheat, peanut/tree nuts, and seafood, with a
comparable success rate of 74%, demonstrated by an
improvement in esophageal eosinophilia.

In conclusion, dietary elimination may need to be
considered as an option in the initial management of
eosinophilic esophagitis in the pediatric age group, if
failure to thrive is not an associated feature of their
disease.

In the case of food protein-induced enterocolitis, the
cornerstone of therapy remains strict avoidance of the
causal food. More commonly, the allergen is cow’s milk,
and substitution of an extensive milk protein hydrolysate
is still recommended [27,28]. For the rare patient reactive
to a protein hydrolysate, an amino acid formula may be
needed [29]. In those infants with solid food-induced
enterocolitis, strict avoidance of these foods remains the
treatment of choice [30,31].
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During the institution of elimination diets, follow-up by a
dietitian is crucial to ensure adequate and balanced
caloric intake, as well as the complete absence of the
allergenic foods from the patient’s diet. In addition,
similar to the case of IgE-mediated allergies, education
on reading food labels enquiring about issues of cross-
contact among foods is crucial, to avoid the inadvertent
intake of the allergenic food and the resultant persistence
of symptoms or tissue inflammation.

Corticosteroids

Oral corticosteroids have been successfully used in eosino-
philic esophagitis and gastroenteritis. Oral methyl-
prednisolone given for 4 weeks to 20 children with
cosinophilic esophagitis resulted in a dramatic clinical
and histological improvement in the vast majority of
patients [32]. Similarly, oral corticosteroids have been
proved to be effective in patients with ecosinophilic
gastroenteritis [33] and eosinophilic gastroenteritis with
protein-losing enteropathy [23%,24,34]. Limitations with
the use of systemic corticosteroids include their systemic
side effects, and disease relapse upon their discontinu-
ation, whether clinical [23°] or histological [35]. This
makes them currently less attractive as treatment options,
especially in children.

Another form of corticosteroid administration has
recently been pursued, ‘topical’ administration, consist-
ing of swallowed aerosolized fluticasone propionate. In an
open label, prospective study by Teitelbaum ez a/. [36] all
13 children who received fluticasone for 8 weeks had
clinical resolution of their symptoms. Overall, histological
remission was also found. A retrospective study by
Liacouras er a/. [35] demonstrated a lower efficacy of
the drug. Approximately half of the children who
received fluticasone for 4 weeks demonstrated clinical
response; and the resolution of esophageal eosinophilia
was only partial. More recently, a randomized, double-
blind, placebo-controlled study of fluticasone, given to
pediatric patients with eosinophilic esophagitis for 3
months, resulted in 50% histological remission, compared
with 9% remission in placebo-treated patients [37°°].
Patients with negative skin prick tests to foods and
younger patients seemed to have a better response
to therapy.

"The variability in response rates among the above studies
may be related to differences in the duration of therapy
and the dosages of fluticasone administered in each
study. Topical viscous budesonide was also recently
reported to be successful in treating eosinophilic esopha-
gitis in a case series limited to two children [38].

Similar to oral corticosteroids, topical corticosteroids are
not without potential side effects. Esophageal candidiasis
was reported to occur in 5-15% of cases [35,36,37°°] and
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systemic absorption is still possible. In addition, disease
relapse was seen upon their discontinuation [35].

Although topical corticosteroids may constitute a good
alternative for patients who cannot follow a dietary
therapy, larger studies establishing optimal doses that
show efficacy without major side effects are needed.

Mast cell stabilizers and leukotriene inhibitors

No controlled trials have been performed using these
drugs, and they seem to have limited effectiveness in
treating non-IgE-mediated disorders. Cromolyn sodium
was reported to be effective in one adult with eosino-
philic gastroenteritis with protein-losing enteropathy
[39]. The use of montelukast demonstrated limited effect-
iveness in treating adults with eosinophilic esophagitis
[40], and its use in children with various gastrointestinal
cosinophilic diseases is limited to a case series reporting
clinical improvement but lacking histological follow-up

[41].

Anti-IL-5 therapy
Anti-IL-5 is emerging as a promising biological thera-
peutic option for eosinophilic esophagitis. Human IL.-5
is the major cytokine responsible for the growth and
differentiation, recruitment, activation and survival of
eosinophils [42].

The humanized monoclonal anti-I1L.-5 SCHS55700
(Shering-Plough, Kenilworth, New Jersey, USA) was first
used in a pilot trial on four patients with eosinophilic
gastroenteritis and food allergy as a single intravenous
dose [43]. Following therapy, peripheral ecosinophil
counts and tissue eosinophilia decreased, but no clinical
improvement was seen. This may indicate that additional
mediators may be required to suppress the clinical
manifestations of eosinophilic gastroenteritis completely.

In cosinophilic esophagitis, preliminary studies using the
anti-IL.-5 mepolizumab (GlaxoSmithKline, Research
T'riangle Park, North Carolina, USA) seem to be more
promising. In an open-label phase I/II safety and efficacy
study conducted in four adult patients with eosinophilic
esophagitis and long-standing dysphagia [44°°], mepoli-
zumab given as 3-monthly intravenous infusions resulted
in a marked decrease in peripheral blood and esophageal
eosinophilia and improved symptoms. The drug was
generally well tolerated. A phase I/II multicenter clinical
trial to assess its safety and tolerability in children with
eosinophilic esophagitis is currently being conducted.

Conclusion

Although the mainstay of therapy for both IgE and
non-IgE-mediated food allergies remains based on the
avoidance of the offending foods, the past few years were
marked by major research advancements into other ther-
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apies that may eventually serve as useful adjuncts, if
not even substitutes for allergen avoidance, and may
soon influence our treatment approach for food allergic
patients.
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