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Purpose of review

To review the most relevant studies in the rapidly advancing field of omalizumab as an adjunct to food
allergen oral immunotherapy (OIT).

Recent findings

Clinical trials have primarily focused on milk, peanut, and multiallergen OIT combined with omalizumab.
These studies suggest that omalizumab in addition to OIT can decrease the time required to reach
maintenance OIT dosing and adverse events; however, serious adverse events did still occur. There is
limited long-term data but available information suggests that individuals are at risk for increased reactivity
after stopping omalizumab, and many discontinued treatment. There has been diversity in study designs,
dosing, and populations.

Summary

The use of anti-IgE antibody as an adjunct to food allergen OIT has been an expanding area of research
with several additional trials underway. Significant progress has been made in the past decades but further
studies are needed to optimize protocols, improve safety and efficacy, and identify patients who will have
the greatest benefit.
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INTRODUCTION

Food allergies have become a significant public
health burden affecting 4.8–13% of the United
States population [1–3]. Rates of resolution vary
depending on a variety of factors but many persist
or have low rates of resolution [2]. Current standard-
of-care includes avoidance and emergency medica-
tions for treatment of reactions. Although highly
effective, it can have a significant psychosocial bur-
den [4,5], especially as accidental ingestions can still
occur [6]. For these reasons, effective treatment of
food allergy would be highly desirable.

Over the past several decades, a significant
amount of research has focused on various forms
of food immunotherapy [7]. Studies have shown
promising results for oral immunotherapy (OIT).
OIT protocols vary widely but typically begin with
an oral food challenge (OFC), followed by an initial
dose escalation (IDE) day, build-up, and then main-
tenance phase with the goal of slowly inducing
desensitization. OIT studies have shown effective-
ness for inducing desensitization for milk, egg, pea-
nut, and wheat [7,8,9

&

–11
&

]; however, there are high
rates of episodic allergic reactions that range from
rs Kluwer Health, Inc. All rights rese

Kluwer Health, Inc. Una
mild, such as oral pruritus, to severe anaphylaxis.
Therefore, there is a need to develop safer
approaches that will mitigate the risks and/or reduce
time to desensitization.

Omalizumab (Xolair) (Novartis, Basel,
Switzerland) is a humanized monoclonal anti-IgE
antibody that binds to the heavy chain constant
CH3 domain of the free IgE molecule and prevents
IgE from binding to FceRI effector cells [12–14]. This
leads to decreased mediator release in response to
allergen and the downregulation of FceRI on mast
cells and basophils [13–15]. Omalizumab was ini-
tially approved in 2003 for the treatment of severe
allergic asthma in adolescents and adults. Labelling
has been expanded to asthma down to the age of
rved. www.co-allergy.com
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KEY POINTS

� Clinical trials of omalizumab and OIT have primarily
focused on milk, peanut, and multiallergen OIT.

� Omalizumab in addition to OIT can decrease the time
required to reach maintenance OIT-dosing and
adverse events.

� Available information suggests that individuals are at
risk for increased reactivity after stopping omalizumab
and many discontinued treatment.

� Additional studies are needed to identify the patients
who would benefit the most and optimal dosing and
duration of therapy.

Food allergy

Cop
6 years and for chronic idiopathic urticaria. Omali-
zumab has been studied as an off-label treatment, or
adjunct to treatment, for numerous allergic condi-
tions, including food allergy [16

&

,17
&

,18–21].
In 2003, Leung et al. [22] published the first

study to utilize an anti-IgE monoclonal antibody
(TNX-901, talizumab) in the treatment of peanut
allergy. In this randomized, double-blind, placebo-
controlled (DBPC) study, the authors found that
talizumab increased the peanut threshold dose from
178 to 2805 mg. Talizumab was not further devel-
oped but omalizumab has been studied as both
monotherapy [23,24] and as an adjunct to food
allergen OIT [25–29,30

&&

,31,32
&&

,33–35,36
&

]. Here
we will review key studies that have examined the
potential benefit of omalizumab in improving effi-
cacy and safety of food allergen OIT (Table 1). Clini-
cal trials have primarily focused on milk, peanut,
and multiallergen OIT. Of note, some of these trials
have used open-label OIT with the omalizumab
component being placebo-controlled. Others have
used open-label omalizumab with open-label or
placebo-controlled OIT. In addition, the protocols,
including OIT dosing and the duration and dosing
of omalizumab, have varied across studies.
OMALIZUMAB AND MILK ORAL
IMMUNOTHERAPY

The first study of omalizumab combined with milk
OIT was performed in 2011 [25]. In this pilot study,
11 children with milk allergy were treated with
omalizumab for 9 weeks prior to starting rush oral
desensitization (maximum dose of 1000 mg milk
powder; cumulative dose of 1992 mg milk powder).
Nine of 11 patients (82%) reached 1000 mg on the
IDE day and 2000 mg by week 16 and then went on
to pass the DBPC food challenge (DBPCFC) to a
cumulative dose of 7250 mg of milk, equivalent to
2 www.co-allergy.com
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220 ml of milk. In terms of safety, reactions occurred
with 1.8% of the doses (41 reactions, 2301 doses),
with the most common type of reactions being
pruritus, local urticaria, and/or gastrointestinal.
Most (70%) were mild, with 20% moderate and
10% severe. This study showed that OIT combined
with omalizumab allowed dosing to be escalated
more rapidly with a shorter build-up phase than
in most OIT studies without omalizumab, but
adverse reactions, including the need for epineph-
rine, still occurred.

The first DBPC trial of omalizumab combined
with milk OIT was conducted by Wood et al. [26].
Fifty-seven participants, age 7–32 years, were
treated with omalizumab or placebo for 4 months
and then initiated milk OIT. Open-label milk OIT
began with IDE day up to 2.1 mg of milk protein,
with dose build-up over 22–40 weeks. Participants
then remained on maintenance through month 28
(minimum dose of 520 mg of milk protein, 15 ml).
After 12 months of milk OIT (16 months on placebo/
omalizumab), treatment was unmasked. Injections
stopped for the placebo group. Those in the active
group continued omalizumab for an additional 12
months. At month 28, the active group discontin-
ued omalizumab and all participants underwent a
DBPCFC to 10 g of milk protein. Participants who
passed this challenge, continued milk OIT for an
additional 8 weeks. They then stopped milk OIT and
8 weeks later, they underwent a 10 g OFC to evaluate
sustained unresponsiveness. There was a significant
difference between the omalizumab and placebo
groups in doses with symptoms (2.1 vs. 16.1%,
P¼0.005) and dose-related reactions requiring treat-
ment (0 vs. 3.8%, P¼0.0008). In addition, the oma-
lizumab group required significantly less time
(median: 25.9 vs. 30 weeks, P¼0.01) to achieve
maintenance. The study found neither significant
differences in the treatment groups in a successful
10 g OFC at month 28 (88.9 vs. 71.4%, P¼0.18) nor
in the 10 g sustained unresponsiveness OFC at
month 32 (48.1 vs. 35.7%, P¼0.42).

Takahashi et al. [27] conducted a RCT to evalu-
ate the safety and efficacy of OIT combined with
24 weeks of omalizumab compared with no treat-
ment. All patients in the omalizumab–OIT group
tolerated 200 ml of fresh cow’s milk during the OFC
with a median tolerated dose of 2080 mg during the
DBPCFC compared with the untreated group
(median: 0 mg). In the OIT build-up phase, 0.012
adverse reactions per dose per child occurred, with
no serious adverse events.

Martorell-Calatayud et al. [28] treated five
patients with milk allergy and nine patients with
egg allergy with omalizumab before starting OIT.
These children had not previously tolerated
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conventional milk or egg OIT because of anaphylac-
tic reactions. Patients were treated with omalizumab
before re-starting OIT. All patients achieved com-
plete desensitization. However, 3/5 (60%) on milk
OIT and 3/9 (33%) on egg OIT had a decrease in the
threshold dose eliciting allergic reactions after
stopping omalizumab.
OMALIZUMAB AND PEANUT ORAL
IMMUNOTHERAPY

Schneider et al. [29] performed a pilot study of
omalizumab as an adjuvant to peanut OIT. Thirteen
peanut allergic children (age 8–16 years) received
omalizumab for 12 weeks, followed by a 1-day rush
IDE of up to a 500 mg of peanut flour (cumulative
dose of 992 mg). Over weeks 12–20, participants
increased their dose up to 4000 mg. At week 20,
all stopped omalizumab and continued peanut
OIT. Twelve weeks later, individuals had a DBPCFC
to 8000 mg of peanut flour. All 13 individuals
reached the 500 mg dose on the IDE day. Twelve
of 13 individuals reached the maximum mainte-
nance dose of 4000 mg of peanut flour (median time
of 8 weeks). All 12 then tolerated a cumulative dose
of 8000 mg (about 20 peanuts) 12 weeks after stop-
ping omalizumab and then started to consume 10–
20 peanuts per day. One subject dropped out at
week 15 because of persistent nausea and vomiting.
Reactions occurred with 2% of doses (n¼72; mean
of 5.5 reactions per child), but the majority were
mild (87.5%) and occurred during weekly dose
escalation (65%). Seven of 13 children had no reac-
tion during the rush IDE. During maintenance,
there were 17 reactions after discontinuing omali-
zumab (10 mild, 5 moderate, 2 severe). No severe
reactions occurred while receiving omalizumab.
During months 12–72, 12 individuals participated
in the long-term follow-up (LTFU) study [30

&&

].
Individuals were not on omalizumab and could
consume commercial peanut products. The authors
concluded that although omalizumab allowed for
faster and effective desensitization, only 7 of 13
initially enrolled (54%) were consuming peanut
at month 72.

Brandström et al. [31,32
&&

] published a one-
armed phase 2 trial of peanut OIT facilitated by
individually dosed omalizumab. In the first part
of the study, 23 peanut-allergic adolescents (age
12–19 years), were treated with omalizumab for
8–24 weeks depending on basophil allergen thresh-
old sensitivity (CD-sens) and symptoms [31]. In the
second part of the trial, participants (n¼23) were
started on peanut OIT while remaining on individ-
ually dosed omalizumab [32

&&

]. Peanut OIT started
at 280 mg of peanut protein and increased every
1528-4050 Copyright � 2021 Wolters Kluwer Health, Inc. All rights rese
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2 weeks until the goal dose of 2800 mg. After stop-
ping omalizumab, individuals continued on peanut
OIT for 12 weeks and then had an in-hospital single-
dose peanut challenge with their current OIT dose. If
a subject could not stop omalizumab after 4 years
from study start, then they were considered a treat-
ment failure. All reached the 2800 mg maintenance
dose in a median of 10 weeks. Nine of 23 individuals
(39%) were able to tolerate 2800 mg of peanut pro-
tein for 12 weeks after stopping omalizumab and
had a negative single dose challenge to 2800 mg.
Two completed the study with decreased doses of
peanut because of taste aversion. Six individuals
dropped out. Six individuals were unable to stop
omalizumab. Mild oropharyngeal and abdominal
symptoms were common. Systemic reactions
occurred with 0.3% of doses (n¼43), with 39/43
(91%) occurring after patient was no longer on full-
dose omalizumab and the single severe systemic
reaction occurring after omalizumab had been dis-
continued. One patient accounted for 33% of the
systemic reactions. In addition, one patient devel-
oped swallowing difficulties and was found to have
biopsy-proven eosinophilic esophagitis (EoE) that
improved after stopping peanut OIT.

The first randomized, DBPC, multicenter study
of the efficacy of omalizumab combined with pea-
nut OIT was performed by MacGinnitie et al. [33].
Thirty-seven individuals (age 7–19 years) were ran-
domized to omalizumab (n¼29) or placebo (n¼8)
combined with peanut OIT. Patients received study
drug for 12 weeks and then had a rapid oral IDE day
up to 250 mg of peanut protein (cumulative
490.5 mg). Individuals increased the dose one to
two times per week up to 2000 mg. Those on oma-
lizumab tolerated more than 10 times higher
median protein dose during the IDE compared with
the placebo group (250 vs. 22.5 mg, P<0.01). In the
intention-to-treat (ITT) analysis, 23/29 (79%) indi-
viduals randomized to omalizumab and 1/8 (12.5%)
receiving placebo achieved the primary endpoint
(tolerating 2000 mg of peanut protein 6 weeks after
stopping omalizumab or placebo) (P<0.01). Simi-
larly, 22/29 (76%) in the omalizumab group and 1/8
(12.5%) in the placebo group passed the OFC to
4000 mg of peanut protein 12 weeks after stopping
the study drug (P<0.01). There was no significant
difference between the groups in frequency of dos-
ing reactions despite the higher peanut doses con-
sumed in the omalizumab group (odds ratio: 0.57,
P¼0.15). Most reactions were mild and occurred
during the IDE day and build-up. However, moder-
ate and severe reactions did still occur in both
groups, including 11 reactions that required epi-
nephrine in patients on omalizumab. Three individ-
uals (two on omalizumab, one on placebo) stopped
rved. www.co-allergy.com 5
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peanut OIT because of persistent gastrointestinal
symptoms concerning for EoE. Two of three patients
had an esophageal biopsy and both had results
consistent with EoE.
OMALIZUMAB AND MULTIFOOD ORAL
IMMUNOTHERAPY

Among food-allergic children and adults, surveys
suggest that up to 45% are allergic to multiple foods
[3,37]. For that reason, there is interest in treating
multiple allergies simultaneously [38]. Bégin et al.
[34] conducted the first study of multifood OIT
combined with omalizumab. Twenty-five peanut
allergic patients (age 4–15 years) participated in this
open-label phase 1 study of rush OIT after pretreat-
ment with omalizumab. Individuals received oma-
lizumab for 8 weeks prior to and 8 weeks after
starting OIT. Individuals completed rapid oral
desensitization to up to five food allergens
(250 mg of each food protein; up to 1250 mg of total
food protein) and then returned every 2 weeks for
dose increases up to 4000 mg per allergen. Although
13/25 (52%) had some symptoms during the IDE,
19/25 (76%) were able to reach the maximum dose
of 1250 mg of total food protein. The median time to
reach the maintenance dose was 18 weeks (7–36).
There was a median reaction rate of 3.2 per 100 doses
taken at home, with most occurring in the first
months of therapy. About 94% of allergic reactions
were mild. One patient had a severe reaction that
occurred shortly after reaching maintenance.

Andorf et al. [35] conducted a blinded, phase 2
trial of multifood OIT combined with omalizumab
(n¼36) or placebo (n¼12). They enrolled 48
patients (age 4–15 years) who received omalizumab
or placebo for 16 weeks. At week 8, they started OIT
for two to five foods. Individuals underwent
DBPCFC at week 36. Treatment failures (n¼11)
started open-label omalizumab at week 17. Those
on omalizumab had a greater median-tolerated dose
on the IDE day (250 vs. 11.25 mg per food,
P<0.0001) and reached maintenance faster com-
pared with those on placebo (P¼0.001). In addition,
a greater proportion of the omalizumab vs. placebo
individuals passed the week 36 DBPCFCs to 2 g
protein for �2 foods (83 vs. 33%, P¼0.004) and
for at least four foods (77 vs. 0%, P¼0.01). All
individuals who tolerated 2 g for at least two foods
also tolerated 4 g for at least two foods in the same
challenges (P¼0.004). During weeks 8–16 (on oma-
lizumab/placebo and OIT), those on omalizumab
had a lower median per-participant percentage of
OIT doses associated with adverse events compared
with placebo (27 vs. 68%) and specifically had fewer
doses associated with gastrointestinal (22 vs. 54%,
6 www.co-allergy.com
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P¼0.04) or respiratory symptoms (0 vs. 1%,
P¼0.02). Adverse events did not increase during
the period of omalizumab withdrawal. There were
no serious or severe adverse events in either group.
The authors concluded that multifood OIT com-
bined with an initial course of omalizumab assisted
in effective rapid desensitization to multiple foods.

A multicenter phase 2 study evaluated three OIT
maintenance doses (0, 300, and 1000 mg) after oma-
lizumab combined with multiallergen OIT [36

&

].
This study enrolled 70 participants, aged 5–22 years,
with multiple food allergies. The open-label phase of
the study included omalizumab (weeks 0–16) and
OIT (weeks 8–30). Individuals underwent OFCs at
week 30 and were then randomized to maintenance
OIT dosing with 1000, 300, or 0 mg per allergen.
Food challenges were repeated at week 36. The
authors conclude that further studies are needed
to determine the optimal maintenance dose needed
to maintenance tolerance after omalizumab-facili-
tated multiallergen OIT.
UNITED STATES TRIALS IN PROGRESS

In addition, several studies are currently active in
the United States. NCT02879006 is a phase 2 DBPC
multisite study that aims to evaluate the use of
Chinese herbal formula, E-B-FAHF-2, in combina-
tion with omalizumab and multifood OIT. All indi-
viduals will receive multiallergen OIT combined
with omalizumab for the initial 4 months and then
be randomized to receive active Chinese herbal
formula or placebo. Individuals will be treated with
OIT for 2 years and then undergo OFC. Those who
achieve desensitization, will stop all treatments and
then repeat food challenges 3 months later to deter-
mine if they have sustained unresponsiveness. The
primary endpoint is defined as developing sustained
unresponsiveness to all three study food allergens,
defined as no dose-limiting symptoms to a cumula-
tive dose of 4444 mg protein after stopping all treat-
ments for 3 months. The estimated study
completion date is November 2020.

NCT03881696, ‘Omalizumab as Monotherapy
and as Adjunct Therapy to Multi-Allergen OIT in
Food Allergic Children and Adults- OUtMATCH’, is
a phase 3 DBPC multisite study that aims to deter-
mine the safety and efficacy of omalizumab alone or
in combination with multiallergen OIT (peanut
combined with two additional foods) in the treat-
ment of food allergy. The study involves the com-
pletion of baseline OFCs and then three stages. In
stage 1, individuals will be randomized to omalizu-
mab or placebo for 16 weeks. They will then repeat
the DBPCFCs. The initial 60 patients will then
receive 24–28 weeks of open-label omalizumab
Volume 21 � Number 00 � Month 2021
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Table 2. Advantages and limitations of addition of omalizumab to oral immunotherapy

Advantages Limitations/needs for further research

Decreased time required to reach maintenance dose Cost

Fewer reactions while receiving OIT combined with
omalizumab compared with OIT without omalizumab

Many unknowns related to omalizumab:
Best dose

Best timing prior to initiation of OIT

Best duration

Lack of long-term data – to date, does not appear to impact
long-term safety, efficacy, or sustained unresponsiveness

Dosing limitations because of elevated total IgE and weight

OIT, oral immunotherapy.

Omalizumab as an adjuvant in food allergen OIT Dantzer and Wood

C

and then repeat DBPCFCs. In stage 2, all individuals
will receive 8 weeks of open-label omalizumab. After
8 weeks, individuals will be randomized 1 : 1 to 1)
omalizumab-facilitated OIT or omalizumab com-
bined with placebo OIT. Individuals will repeat
DBPCFCs at week 52. In stage 3, individuals will
receive an individualized treatment plan for dietary
consumption. The estimated completion date is
December 2023.
CONCLUSION

The use of anti-IgE antibody as an adjunct to food
allergen OIT has been an expanding area of research
over the past two decades (Table 2). To date, studies
are limited, and there has been tremendous vari-
ability in the study design and drug administration
– open-label vs. placebo-controlled, initiation and
duration of treatment, overlap of omalizumab and
OIT, timing of OFCs after stopping omalizumab.
These studies suggest that omalizumab in addition
to OIT can decrease the time required to reach
maintenance OIT-dosing and adverse events; how-
ever, serious adverse events did still occur. There is
limited long-term data but available information
suggests that individuals are at risk for increased
reactivity after stopping omalizumab and many
discontinued treatment. It is an exciting time in
the field of food allergy research as the use of bio-
logics and food allergen immunotherapy are inter-
woven to try to improve safety and maximize
efficacy but many unanswered questions remain.
Future studies should aim to identify the patients
who would benefit the most from the addition of
omalizumab to OIT. In addition, the optimal dosing
and duration of therapy is unknown, which is
highly significant, given the cost of this medication
[39

&&

]. Perhaps most importantly, more data is
needed to determine if omalizumab changes
long-term outcomes.
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