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Purpose of review

Food allergy is a difficult clinical problem for which no disease-modifying therapy

currently exists.

Recent findings

The daily administration of graded allergen doses through oral immunotherapy (OIT)

is one promising experimental approach to the development of a clinically available

treatment. Although the concept of oral immunologic tolerance is not new, OIT as a

treatment for food allergy is innovative. Over the last few years, several groups of

investigators have begun to demonstrate safety and varying degrees of efficacy and

immune modulation in uncontrolled pilot studies of OIT. Rigorously designed trials

are currently underway and important unanswered questions remain.

Summary

OIT for food allergy holds promise for patients with food allergy but additional research

is necessary before this approach is ready for clinical use.
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Introduction

Food allergy is a common, serious, and growing problem

in developed countries. Patients with IgE-mediated food

allergy rapidly experience harmful adverse symptoms

as a consequence of pathological immune responses to

ingested food antigens. Although a recent meta-analysis

identified variation in prevalence rates [1�], recent survey

data from the Centers for Disease Control and Prevention

indicate that the current prevalence of food allergy in

US children is approximately 4%, an increase of almost

20% in the last decade [2��]. Although there is slight

variation in the magnitude of the effect, similar increases

in food allergy prevalence have also been observed in

several methodologically rigorous birth cohort studies

around the world, including in geographically isolated

populations [3]. The use of well defined outcome

measures with precise sampling techniques suggests that

rising prevalence is not simply due to increased recog-

nition of the disorder. This is further supported by the

continued increase in the prevalence of other allergic

conditions such as asthma, allergic rhinitis, and atopic

dermatitis [4].

No treatment currently exists to modify the natural

history of the disease. Although patients with allergy to

milk and egg are generally expected to eventually out-

grow their condition, it may take much longer than

previously recognized [5,6]. Allergy to peanut, tree nuts,

and/or shellfish is not usually outgrown. All affected
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patients must maintain a strict allergen-free diet and

carry emergency medications to treat symptoms follow-

ing accidental exposure. However, despite strict dietary

adherence, these accidental allergic reactions occur fre-

quently, typically due to occult exposure during proces-

sing or preparation. Although increased awareness has

enhanced public understanding and resulted in improved

food labeling, food allergy continues to be the leading

cause of anaphylaxis among children seen in US emer-

gency departments. Deaths are rare but do occur, especi-

ally among patients with allergy to peanut and tree nuts,

and the persistent fear of accidental exposures and life-

threatening reactions significantly disrupts social and

educational activities [7�]. This profoundly impairs

health-related quality of life, to an extent greater than

that seen in chronic conditions such as diabetes mellitus

[8]. Taken together, these observations indicate a great

clinical need for an active treatment for food allergy.

Although investigators are now actively developing

different therapeutic approaches to this problem, this

review will focus on oral immunotherapy (OIT). An

increasing body of evidence suggests that OIT may yield

promise as an interventional therapy for food allergy.

Here we review the evolution and strength of some of

this evidence from clinical and translational studies.

It is important to understand OIT-associated nomencla-

ture when reviewing the primary outcomes of the clinical

trials which follow. The oral administration of allergen is

referred to in various publications as OIT and specific oral
orized reproduction of this article is prohibited.
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tolerance induction (SOTI); for the purposes of

this review, we will exclusively use the term OIT.

‘Tolerance,’ when discussed in the context of a sup-

pressed immune response to oral antigen, refers to a

specific set of critical immunologic mechanisms primarily

directed by T-lymphocytes. The details of such pathways

are beyond the scope of this paper but were recently

summarized in an excellent review [9��]. Tolerance may

also refer to the clinical condition whereby an interven-

tion persistently alters reactivity to an antigen, allowing

discontinuation of therapy. In contrast, ‘desensitization’

is another clinical term which refers to a transient altera-

tion in reactivity which returns upon discontinuation.
Early clinical studies
The idea of an allergen-specific immunotherapy for food

allergy is not new. Freeman [10], who along with Noon

pioneered subcutaneous immunotherapy for allergic rhi-

nitis, described his successful experience in 1930 treating

a boy with anaphylaxis to fish. The child was first treated

with injections of an extract of fish protein followed by

daily oral administration of fish oil, and subsequently was

able to tolerate fish without symptoms. Clinical descrip-

tions of successful cases of oral food desensitization began

to appear in the literature, but were not widely accepted

by a scientific audience because most did not incorporate

rigorous methods.

In 1992, a placebo-controlled clinical trial of subcu-

taneous immunotherapy for peanut allergy was

attempted at a major US medical center [11]. Although

the approach was effective in changing reactivity to

peanut in treated patients, adverse reactions were fre-

quent and included severe anaphylaxis. An unblinded

trial followed in 1997, which again showed some improve-

ment in patients able to tolerate the injections, but the

frequency and significance of side-effects led to aban-

donment of the subcutaneous approach and exploration

of alternative strategies [12].
Pilot scientific trials with mechanistic data
The intestine contains a vast network of mucosal associ-

ated lymphoid tissue (MALT), which has long been

understood to not simply ignore but rather actively sup-

press pathologic immunity to foreign proteins such as

commensal microbes and food proteins. This persistent

suppression of potentially adverse immune responses is

referred to as oral tolerance and involves multiple regu-

latory pathways within the MALT. Functional redun-

dancy ensures the robustness of oral tolerance, and fail-

ures of this system are thought to contribute to food

allergy, celiac disease, and inflammatory bowel disease.

Because of the intrinsic toleragenic potential of the

MALT, investigators began to develop scientific
opyright © Lippincott Williams & Wilkins. Unautho
approaches towards treating food allergy through the

graded oral application of food allergens.

Egg and milk

Initial OIT investigations focused on egg and milk

allergy rather than nut allergy, presumably for safety

reasons (Table 1). In one of the first controlled studies

of OIT, Patriarca et al. [13] showed safety and proof-of-

concept, documenting gradual clinical and immunologic

changes in most treated patients but not controls. Meglio

et al. [14] achieved similar success with milk desensitiza-

tion and noted that the clinical response was inversely

correlated with baseline milk-specific IgE levels.

However, Longo et al. [15] showed that milk OIT was

effective in a severely affected cohort with grade 4/5

anaphylaxis (laryngeal edema and/or hypotension) and

very high IgE levels. In a randomized trial, Staden et al.
[16] assessed the persistence of any treatment effect (i.e.,

clinical tolerance) by performing oral food challenges

(OFC) after stopping OIT. Interestingly, the rate of

permanent tolerance in the OIT group was the same

as that of the control group, suggesting that treated

patients had independently outgrown their allergy. How-

ever, one-third of the treated group also experienced

clinical improvement which returned to baseline once

treatment was stopped and was considered to be desen-

sitized. Thus this study contrasted the transient nature of

desensitization versus the permanence of tolerance, con-

firming a concept also demonstrated in an egg OIT study

by Buchanan et al. [17]. Early clinical results from trials of

OIT with baked milk and egg indicated that the majority

of egg-allergic and milk-allergic patients can safely tol-

erate extensively heated foods (i.e., muffin) [18��,19,20].

Regular consumption of these thermally denaturated

allergens may act as a form of OIT, although this has

not yet been formally proven. These studies have also

provided important mechanistic insight into the devel-

opment of tolerance, in particular the roles of regulatory

T cells [21��] and basophils [22�].

Peanut

Success in these proof-of-concept studies of egg and

milk allergy prompted investigation into peanut OIT.

Although isolated case reports of oral desensitization to

peanut exist, Jones et al. [23��] first reported a clinical trial

of peanut OIT in which 39 peanut-allergic children

(median age 57.5 months) were enrolled in an open-label

study with three phases: an initial escalation day on a

research unit, a build-up phase during which biweekly

dose increases occurred on the research unit, and a

maintenance phase. Desensitization was assessed with

OFCs while on maintenance OIT. Ten patients with-

drew from the study, six for personal/logistical reasons

and four due to intolerable allergic side-effects. Whereas

all patients reacted to 50 mg or less of peanut on the initial

escalation day, after maintenance treatment all patients
rized reproduction of this article is prohibited.
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Table 1 Interventional studies of food allergen immunotherapy

Year Investigator Allergen N Study design Treatment results

2003 Patriarca et al. [13] Milk 59 Open-label with
observational controls

77% desensitized
Egg Decreased allergen-specific IgE
Fish Decreased skin test size
Other Increased allergen-specific IgG4

2004 Meglio et al. [14] Milk 21 Open label 71% desensitized
Increased threshold dose

2007 Buchanan et al. [17] Egg 7 Open label 57% desensitized
29% fully tolerant
Increased egg-specific IgG
No significant change in egg-specific IgE

2007 Staden et al. [16] Milk 45 Randomized, controlled Treatment group:
Egg 36% fully tolerant

28% partially desensitized
36% failed treatment
Increased threshold dose

Elimination diet group:
35% fully tolerant
65% allergic

Clinical improvement was associated with decreased
allergen-specific IgE in both groups

2008 Longo et al. [15] Milk 97 Randomized, controlled Treatment group:
36% fully desensitized
54% partially desensitized
10% failed treatment
Decreased milk-specific IgE in 50% of treated group

Elimination diet group:
No change in threshold or IgE

2008 Skripak et al. [24] Milk 20 Double-blinded,
placebo-controlled

Treatment group:

2009 Narisety et al. [18��] 15 21% initially fully desensitized; 46% with additional OITa

74% partially desensitized
5% failed treatment
Increased milk-specific IgG4
Decreased milk-specific IgEa

Decreased skin test sizea

Placebo group:
No change in threshold or antibody response

2009 Jones et al. [23��] Peanut 39 Open label 81% fully desensitized
6% partially desensitized
13% failed treatment
Decreased skin test size
Decreased basophil activation
Decreased peanut-specific IgE
Increased peanut-specific IgG4
Increased peanut-specific serum inhibitory factor
Increased FOXP3þ regulatory T cells
Down-regulation of apoptosis genes

2009 Clark et al. [25�] Peanut 4 Open label 75% fully desensitized
25% partially desensitized
Increased threshold dose

2010 Blumchen et al. [26��] Peanut 23 Open label 16% fully desensitized
58% partially desensitized
21% failed treatment
Increased threshold dose
Increased peanut-specific IgG4
Decreased skin test size
Decreased T helper 2 cytokine response
No change in peanut-specific IgE level

OIT, oral immunotherapy.
a With extended, higher-dose treatment during open-label extension.
were desensitized, with 27 of 29 (93%) ingesting all

3900 mg (approximately 16 peanuts) without symptoms

during an OFC. Extensive immunologic changes were

observed in this study, including: basophil hyporespon-

siveness; a transient increase in peanut-specific regulat-
opyright © Lippincott Williams & Wilkins. Unauth
ory T cells; sustained decreases in peanut-specific skin

tests and IgE and increases in peanut-specific IgG4;

production of a serum inhibitory factor which blocks

interaction of peanut allergen and IgE; and altered

expression of apoptosis-associated genes. This study
orized reproduction of this article is prohibited.
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represented a significant step forward because, in contrast

to egg or milk allergy, peanut allergy persists in the

vast majority of patients, and is commonly associated

with severe reactions. In addition, extensive mechanistic

analyses were performed and contributed several novel

insights about the mechanism(s) of OIT.

Importantly, peanut OIT was shown to be well tolerated

[27��]. Allergic side-effects did occur, typically early in

the protocol when doses were low and desensitization

presumably had not occurred. These side-effects were

generally mild, involved the skin and/or upper airway,

and responded to conventional allergy treatment with

antihistamines; however, as noted above, four of 39 (10%)

of children withdrew from the study due to OIT-related

allergic side-effects. Chest symptoms such as wheezing

and cough occurred in children with a preexisting history

of asthma and responded to bronchodilators. Systemic

anaphylaxis was extremely rare. Of over 10 000 doses of

OIT given at home during this trial, only one caused a

reaction requiring epinephrine. Important cofactors were

identified which increase the likelihood of an OIT reac-

tion, such as intercurrent infection, exercise, and dosing

on an empty stomach [28�].

Two other groups have now reported similar results with

peanut OIT. Clark et al. [25�] published interim results of

four boys aged 9–13 years. These children underwent an

OFC at baseline to confirm the diagnosis and establish a

pretreatment threshold for reactivity ranging from 5 to

50 mg. After a period of biweekly updosing on a research

unit, the patients consumed 800 mg of peanut protein

daily for 6 weeks and the OFC was repeated. At the

follow-up challenge, all patients were able to tolerate at

least 2400 mg (10 peanuts), representing robust desensi-

tization, with a median 50-fold increase in threshold. A

similar safety profile to Jones et al. was observed.

Blumchen et al. [26��] enrolled 23 peanut-allergic chil-

dren (median age 5.6 years) and confirmed the diagnosis

with an OFC at baseline, which established a 130-mg

median threshold. Patients then underwent an inpatient

‘rush’ OIT protocol in which they received approxi-

mately four doses a day for 1 week. Only five patients

with relatively low peanut-specific IgE at entry were able

to reach the goal of at least 500 mg/day; side-effects

prevented a successful rush phase in the remaining

patients. All patients then proceeded to an updosing

phase and gradually built up to a maintenance dose of

between 500 and 2000 mg/day, which was continued

for 8 weeks and then stopped for 2 weeks before the

final OFC. Fourteen of 23 (61%) of patients completed

this protocol and experienced four-fold increases in

threshold. Four asthmatic patients developed OIT-

related pulmonary side-effects requiring discontinu-

ation; the remainder withdrew for other reasons. Dosing
opyright © Lippincott Williams & Wilkins. Unautho
was otherwise well tolerated, and no patient required

epinephrine. OIT was associated with reduced pro-

allergic T-helper-2 cytokines and skin test wheal size,

and increased peanut-specific IgG4 levels. Peanut IgE

levels did not change.
Randomized controlled trials
Trials incorporating randomization and blinding have

now begun to formally test the safety and efficacy of

OIT for food allergy. In the only randomized, double-

blinded, placebo-controlled trial published to date, Skri-

pak et al. [24] enrolled 20 milk-allergic children (mean

age 9.5 years) and established an average threshold of

40 mg at baseline with an OFC. An initial escalation day

was followed by weekly or biweekly updosing on the

research unit. The maintenance dose of 500 mg (�15 ml

milk) was continued for 13 weeks and the food challenge

was repeated. Patients received powdered milk protein or

matching placebo disguised in a vehicle food. In the

active group, the median threshold increased 129-fold

to 5100 mg (range 2540–8140), and milk-specific IgG4

levels increased over 700%; there was no change in the

placebo group in either parameter. In both groups, skin

test size improved and IgE levels did not change. Side-

effects were more common in the active group and were

primarily mild oropharyngeal or gastrointestinal symp-

toms. Over 90% of OIT-related reactions were transient

and did not require treatment, although there were four

reactions that did require epinephrine.

In contrast to Jones et al., where virtually all patients

tolerated the full amount without symptoms at follow-up

challenge, 14 of 18 (78%) did experience some symptoms

during the challenge, suggesting that this relatively short

protocol was able to induce only a partial desensitization.

In a follow-up study of 15 participants from this trial who

were rolled over into an open-label extension phase of

milk OIT, the daily dose was gradually increased to a

median of 7000 mg [18��]. During a follow-up OFC

conducted a median 17 weeks after additional treatment,

the median threshold increased to 10 000 mg and 10 of 15

(67%) tolerated the full 16 000 mg challenge dose without

symptoms. Milk-specific IgE and skin prick test size were

significantly decreased while milk-specific IgG4 contin-

ued to increase.

Double-blinded, placebo-controlled randomized con-

trolled trials (RCTs) of egg [29] and peanut OIT [30]

are currently underway. The results from these trials are

expected in late 2010 or early 2011.
Conclusion
Pilot studies have shown OIT to be a promising approach

to the development of an initial disease-modifying
rized reproduction of this article is prohibited.
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treatment for food allergy. Although efficacy is variable

primarily due to differences in protocol design (length of

treatment, OFC dose, etc.) or population, OIT appears to

be safe and effective in changing the threshold for

clinical reactivity (i.e., desensitization) in most patients.

Importantly, this increase in threshold is significantly

greater than the dose expected to be encountered in

most accidental ingestions and should thus be protective

against anaphylaxis. Longer treatment and/or higher

doses may be necessary in some patients. Although

reported side-effects are generally mild, approximately

15% of patients are unable to continue treatment with

OIT due to persistent allergic side-effects. Changes in

the allergen-specific immune response are similar to

those seen in subcutaneous immunotherapy. These

observations are currently being examined in trials with

rigorous scientific designs. Two recent meta-analyses

[1�,31�] focusing on the diagnosis and treatment of food

allergy concluded that there is a great need for high-

quality evidence from RCTs, and as such the results of

these studies are greatly anticipated.

However, before OIT can be implemented into clinical

practice, several unresolved issues must be addressed.

First, the risks of treatment with OIT must be com-

pared with the risks of allergen avoidance. Second,

patient selection and dosing regimens must be opti-

mized. This is especially important given the potential

for bias in food allergy trial volunteers. Third, the

likelihood of permanent tolerance induction with

OIT should be better defined. Until this is known,

patients will be committed to indefinite daily treat-

ment. Finally, on a more practical note, the logistics of

this labor-intensive process, and the reimbursement

which will support them, currently present obstacles

to widespread clinical implementation. Though peanut

OIT appears safer than subcutaneous peanut immu-

notherapy, we and others are troubled about published

reports of clinical practitioners already offering

OIT [32]. We feel strongly that OIT should only

be attempted by experienced investigators in an

International Review Board-approved and Food and

Drug Administration-approved research setting in order

to address the above concerns before clear clinical

indications can be developed [33�]. In clinical allergy

practices, including our own, the current standard of care

for patients with food allergy remains strict allergen

avoidance.
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