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Purpose of review

To review the most relevant studies in the advancing field of omalizumab in allergen immunotherapy.

Recent findings

Omalizumab has been used in combination with inhalant, venom, and food allergen immunotherapy.
These studies suggest that omalizumab can decrease the time required to reach maintenance dosing and
adverse events. However, severe adverse events do still occur. Limited long-term data suggests that there is
a risk for increased reactivity after stopping omalizumab.

Summary

Omalizumab in conjunction with immunotherapy has shown promising results for the treatment of allergic
rhinitis, venom hypersensitivity, and food allergy, especially in the reduction of adverse events. Larger
randomized, placebo-controlled trials are needed to better understand optimal dosing and duration, cost-–
benefit analysis, ideal patients, and long-term benefits. This combination therapy has the potential to
improve treatment, particularly for high–risk patients.
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INTRODUCTION

Atopic conditions, including asthma, atopic derma-
titis, hay fever, and food allergy, are among the most
common chronic conditions in children that often
persist into adulthood [1–3]. These atopic conditions
can have a significant impact on families and society,
including impairedqualityof life and increased direct
and indirect costs [4

&

,5–6]. Management can include
avoidance of known triggers, pharmacotherapy, and
immunomodulatory therapies.

Allergen immunotherapy (AIT) involves the
administration of gradually increasing doses of aller-
genic proteins at repeated intervals with the goal of
inducing desensitization [7]. This treatment has the
advantage of causing immunologic changes that can
lead to long-term benefits, even when therapy has
stopped,whichmakes this therapyattractive to many
patients [8,9]. Various routes of administration have
been explored for the various conditions. AIT has
become an effective treatment for allergic rhinitis,
asthma, and venom hypersensitivity [7,8,10–14] and
is an emerging treatment option for food allergy
[15

&

,16–18,19
&

]. The use of AIT has been limited by
potential adverse reactions [7,10,20–22] and poor
adherence because of cost and inconvenience [23–
25]. For that reason, there is a need to develop safer
approaches that will mitigate the risks and/or reduce
the time to desensitization.
rs Kluwer Health, Inc. All rights rese
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Omalizumab (Novartis, Basel, Switzerland) is a
humanized monoclonal antibody that binds to the
CH3 domain of the Fc portion of IgE and prevents
IgE from binding to the high-affinity IgE receptor
FceRI [26,27]. Omalizumab : IgE complexes are
formed, which leads to a significant decrease in
free IgE, inhibition of the IgE allergic pathway
and down-regulation of FceRI receptors on baso-
phils and mast cells [28,29]. In 2003, omalizumab
was approved for the treatment of severe asthma in
adolescents and adults. To date, labelling has been
expanded to chronic idiopathic urticaria, nasal
polyps, and asthma in children down to the age
of 6 years [30]. Over the past decade, omalizumab
has also been studied as an off-label treatment for
numerous diseases in which IgE may have a role,
such as food allergy, rhinitis, and anaphylaxis
[15

&

,31–33]. Here we will review recent studies
that have examined the potential benefit of oma-
lizumab in improving the safety and efficacy of
rved. www.co-allergy.com
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KEY POINTS

� Omalizumab combined with inhalant SCIT, VIT, or food
allergen OIT can decrease time to reach maintenance
dosing and dosing-related adverse events.

� There may be an increased risk of reactions or lose of
tolerance after stopping omalizumab.

� Additional studies are needed to determine the optimal
dose and duration of treatment, identify patients who
would benefit most, and understand long-term safety
and efficacy outcomes.

Immunotherapy and new treatments

Cop
AIT for food allergy, allergic rhinitis, and venom
hypersensitivity.
FOOD ALLERGEN IMMUNOTHERAPY WITH
OMALIZUMAB

Food allergies have become a significant public
health burden and affect up to 8% of children
and 2–3% of adults in the United States [19

&

,34,
35]. Many persist or have low rates of resolution [34].
Current standard of care includes avoidance and
emergency medications for treatment of acute reac-
tions, which has limitations. Hence, effective and
well tolerated therapies for food allergies are needed
[21]. Over the past several decades, a substantial
amount of research has focused on several forms
of food immunotherapy [36]. In the 1990s, subcu-
taneous immunotherapy (SCIT) was attempted
but injections lead to repeated systemic reactions
in most patients [37,38]. Hence, subsequent
approaches have utilized different routes of delivery
(oral, sublingual, and epicutaneous) [15

&

,39]. Studies
have shown promising results for oral immunother-
apy (OIT) with the ability to raise the threshold of
reactivity; however, there are high rates of reactions
ranging from mild to severe anaphylaxis that can
occur during any phase of treatment [40,41]. In
January 2020, the first treatment for peanut allergy
was approved by the Food and Drug Administration
(peanut OIT) [42]. Although this is encouraging,
individuals must continue to avoid peanut and
life-threatening reactions are still possible to larger
amounts of peanut and the treatment itself. So,
although immunotherapy has become an estab-
lished treatment for inhalant and venom allergy, it
has yet to become the routine management of food
allergy [40]. There is great interest in developing safer
approaches that will decrease the risks and/or reduce
the time to desensitization. Newer approaches have
attempted to modify the allergen and/or utilized an
immunomodulatory agent, with the most studied
being anti-IgE [15

&

,39].
2 www.co-allergy.com
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In 2003, Leung et al. [43] completed the first trial
to utilize an anti-IgE monoclonal antibody (TNX-
901, talizumab) as treatment for food allergy. This
randomized, double-blind, placebo-controlled
(DBPC) study showed that TNX-901 increased the
peanut dose required to cause symptoms from 178
to 2805 mg. This drug was not further developed but
remains an important proof of principle study.
Omalizumab has since been studied as monother-
apy [44] and as an adjunct to food allergen OIT [45–
50

&&

,51,52
&&

,53–55,56
&

,57
&&

]. These trials have var-
ied in study design (open label vs. DBPC), OIT
dosing, and omalizumab dosing and duration. To
date, clinical trials have primarily focused on milk,
peanut, and multiallergen OIT [58

&

]. Here, we will
review key studies that have examined the potential
benefit of omalizumab in improving safety and
efficacy of food allergen OIT (Table 1).
MILK

In 2011, an initial pilot study of 11 patients receiv-
ing 9 weeks of omalizumab followed by rush milk
OIT showed that 9 of 11 (82%) could reach 1000 mg
on initial dose escalation (IDE) and 2000 mg by
week 16 and then passed a DBPCFC to 7250 mg of
milk [45]. This study suggested that the addition of
omalizumab to OIT allowed a more rapid dose esca-
lation but that reactions did still occur with 1.8%
of doses.

Wood et al. [46,59] conducted the first double-
blind placebo-controlled trial of omalizumab with
milk OIT. Fifty-seven patients (age 7–32 years) were
randomized 1 : 1 to open-label milk OIT with omali-
zumab or placebo. After 4 months of omalizumab/
placebo, patients were treated with milk OIT for
24 months (minimum maintenance dose of 520mg
ofmilk protein). This study found that the additionof
omalizumab reduced dose-related symptoms (2.1 vs.
16.1%, P¼0.005) and dose-related reactions requir-
ing treatment (0 vs. 3.8%, P<0.001). In addition, the
omalizumab group required less time to reach main-
tenance (median: 25.9 vs. 30 weeks, P¼0.01). How-
ever, there were neither significant differences
between groups on final effectiveness of OIT as deter-
mined by the 10 g OFC at month 28 (89 vs. 71%,
P¼0.018) nor the 10 g sustained responsiveness OFC
at month 32 (48 vs. 36%, P¼0.42).

Two smaller studies have evaluated the safety
and efficacy of omalizumab with milk OIT and
found that the addition of omalizumab appeared
to increase the tolerated dose but adverse reactions
did still occur [47,48]. However, in one study, three
of five (60%) on milk OIT and three of nine (33%) on
egg OIT had increased reactivity after stopping oma-
lizumab [48].
Volume 21 � Number 00 � Month 2021
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Bé
gi

n
et

al
.,

2
0
1
4

[5
4
]

Ph
as

e
1

op
en

la
be

l
N

:
2
5

A
g
e:

4
–1

5
ye

ar
s

St
ar

te
d

8
w

ee
ks

pr
io

r
to

O
IT

.
St

op
pe

d
8

w
ee

ks
af

te
r

ID
E

4
0
0
0

m
g

pr
ot

ei
n

of
ea

ch
al

le
rg

en
(u

p
to

fiv
e

al
le

rg
en

s)

N
in

et
ee

n
of

2
5

(7
6
%

)
re

ac
he

d
m

ax
of

1
2
5
0

m
g

of
pr

ot
ei

n
on

ID
E

M
ed

ia
n

tim
e

of
1
8

w
ee

ks
to

re
ac

h
m

ai
nt

en
an

ce
A

ll
to

le
ra

te
d

a
1
0
-fo

ld
in

cr
ea

se
of

al
lt

he
ir

al
le

rg
en

s
by

2
m

on
th

s
of

O
IT

9
4
%

of
re

ac
tio

ns
w

er
e

m
ild

.
O

ne
se

ve
re

re
ac

tio
n.

M
ed

ia
n

ho
m

e
do

si
ng

re
ac

tio
n

ra
te

of
3
.2

pe
r

1
0
0

do
se

s

A
nd

or
f
et

al
.,

2
0
1
8

[5
5
]

Ph
as

e
2

D
BP

C
,

op
en

-la
be

lO
IT

N
:

4
8

A
g
e:

4
–1

5
ye

ar
s

St
ar

te
d

8
w

ee
ks

pr
io

r
to

O
IT

an
d

st
op

pe
d

at
w

ee
k

1
6
.

2
0
0
0

m
g

pr
ot

ei
n

of
ea

ch
al

le
rg

en
(u

p
to

5
al

le
rg

en
s)

C
om

pa
re

d
w

ith
pl

ac
eb

o,
O

M
B

g
ro

up
:

-G
re

at
er

pr
op

or
tio

n
pa

ss
ed

D
BP

C
FC

to
2
g

pr
ot

ei
n

fo
r

�
2

fo
od

s
(8

3
%

vs
.

3
3
%

)
&
�

4
fo

od
s

(7
7
%

vs
.

0
%

)
at

w
ee

k
3
6

-L
es

s
tim

e
re

qu
ir
ed

to
ac

hi
ev

e
m

ai
nt

en
an

ce
(H

R:
5
.3

5
)

-G
re

at
er

m
ed

ia
n

to
le

ra
te

d
do

se
on

ID
E

-N
o

se
ri
ou

s
or

se
ve

re
A

Es
-L

ow
er

ra
te

of
do

si
ng

-
re

la
te

d
A

Es
w

hi
le

re
ce

iv
in

g
O

M
B-

O
IT

co
m

pa
re

d
w

ith
pl

ac
eb

o-
O

IT
-N

o
in

cr
ea

se
in

A
Es

du
ri
ng

pe
ri
od

of
O

M
B

w
ith

dr
aw

al

C
M

,
co

w
’s

m
ilk

;
Eo

E,
eo

si
no

ph
ili

c
es

op
ha

g
iti

s;
G

I,
g
as

tro
in

te
st

in
al

;
ID

E,
in

iti
al

do
se

es
ca

la
tio

n;
LT

FU
,

lo
ng

-te
rm

fo
llo

w
-u

p;
O

FC
,

or
al

fo
od

ch
al

le
ng

e;
O

IT
,

or
al

im
m

un
ot

he
ra

py
;

O
M

B,
om

al
iz

um
ab

;
O

P,
or

op
ha

ry
ng

ea
l;

SU
,

su
st

ai
ne

d
un

re
sp

on
si

ve
ne

ss
.

Immunotherapy and new treatments

4 www.co-allergy.com Volume 21 � Number 00 � Month 2021

Copyright © 2021 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



CE: Tripti; ACI/210606; Total nos of Pages: 10;

ACI 210606

Update on omalizumab in AIT Dantzer and Wood

C

PEANUT

Several studies have explored the effect of omalizu-
mab on peanut OIT (Table 1). A pilot study in 13
peanut allergic children utilized omalizumab as pre-
treatment for 12 weeks, followed by a 1-day rush IDE
and then build-up OIT over weeks 12–20 [49]. At
week 20, omalizumab was stopped and peanut OIT
continued. This study showed that all could reach
the goal 500 mg dose on IDE and 12 of 13 (92%)
tolerated 8 g 12 weeks after stopping omalizumab.
Reactions did occur, mostly mild but with two
severe reactions after stopping omalizumab. An
extended follow-up showed that 7 of 13 (54%) were
consuming dietary peanut at month 72 [50

&&

].
Brandström et al. [51,52

&&

] used a novel
approach to omalizumab dosing in a one-armed
phase 2 trial of peanut OIT facilitated by individu-
ally dosed omalizumab. Omalizumab dosing was
determined by basophil allergen threshold sensitiv-
ity (CD-sens) and symptoms. All reached the main-
tenance dose of 2800 mg of peanut protein, but only
9 of 23 (39%) were able to tolerate this dose 12 weeks
after stopping omalizumab. Mild reactions were
common and systemic reactions occurred with
0.3% of doses (with 91% occurring after full-dose
omalizumab was stopped). After omalizumab was
stopped, symptoms returned in 50% of patients with
six individuals unable to stop omalizumab and six
dropping out. In addition, one patient developed
biopsy-proven eosinophilic esophagitis (EoE).

The PRROTECT study (Peanut Reactivity
Reduced by Oral Tolerance in an Anti-IgE Clinical
Trial) was the first randomized, DBPC multicenter
study of the efficacy of peanut OIT combined with
omalizumab [53]. Those receiving omalizumab were
able to tolerate more than 10 times the protein dose
during IDE compared with the placebo group (250 vs.
22.5 mg, P<0.01). In addition, the omalizumab
group was more likely to tolerate the target dose of
2000 mg of peanut protein 6 weeks after stopping
omalizumab or placebo [omalizumab group: 23/29
(79%) vs. placebo: 1/8 (12.5%); P<0.01] and 4000 mg
12 weeks after stopping [omalizumab group: 22/29
(76%) vs. placebo group: 1/8 (12.5%); P<0.01]. Most
reactions were mild but moderate and severe reac-
tions did still occur in both groups. Also, two indi-
viduals developed biopsy-proven EoE.
MULTIFOOD

The use of omalizumab may have the greatest use in
patients who are multifood allergic. The first study
of multifood OIT combined with omalizumab was
examined in a phase 1 trial of rush OIT in children
[54]. Participants completed rush OIT to peanut and
up to four other food allergens. Approximately half
1528-4050 Copyright � 2021 Wolters Kluwer Health, Inc. All rights rese

opyright © 2021 Wolters Kluwer Health, Inc. Una
had some symptoms during IDE, but 19 of 25 (76%)
were able to tolerate the maximum dose of 1250 mg
of total food protein. All tolerated a 10-fold increase
of all of their allergens by 2 months of OIT. Reac-
tions still occurred but 94% were mild.

Andorf et al. [55] conducted a DBPC, phase 2
trial in which children were randomized to multi-
food OIT with two to five foods combined with
omalizumab (n¼36) or placebo (n¼12). The oma-
lizumab group tolerated a higher median dose on
IDE and reached maintenance faster than the pla-
cebo group. In addition, a higher proportion of the
omalizumab group passed the DBPCFC to at least 2
of their offending foods (83 vs. 33%; P¼0.004).
Compared with placebo, the omalizumab group
had fewer OIT dose-related reactions with no
increase in adverse events during omalizumab with-
drawal. In a follow-up study, authors concluded that
sustained desensitization after omalizumab-assisted
OIT is best maintained with continued maintenance
OIT dosing (either 300 or 1 vs. 0 mg) [56

&

].
SUMMARY OF FOOD ALLERGEN OIT WITH
OMALIZUMAB

This has been an expanding area of research over the
past two decades with several studies currently
active (Table 2). To date, studies of food allergen
OIT combined with omalizumab indicate that com-
bination therapy can accelerate the build-up phase
and decrease adverse events with a possible
improvement in efficacy. However, many points
need to be clarified. Additional research is needed
on the optimal omalizumab dosing. A recent study
indicated that in food allergy OIT, omalizumab
should be adjusted for weight alone and not weight
and IgE as done in most studies [57

&&

]. Finally, more
research is needed to understand if combination
therapy improves long-term outcomes.
INHALANT ALLERGEN IMMUNOTHERAPY
WITH OMALIZUMAB

Subcutaneous allergen immunotherapy (SCIT) was
first introduced over 100 years ago [60] and has been
used to treat allergic rhinitis and asthma [7,10,11].
Although this treatment can be efficacious, patients
typically do not get relief until months after the start
of therapy. In addition, benefits must be weighed
against the risks of systemic reactions (0.1–0.2%)
and rarely fatal anaphylaxis [61–63], with the
degree of severity being impacted by the adminis-
tration protocol (rush, cluster), individual suscepti-
bility, and features of the extracts [63–65]. For this
reason, various clinical trials have examined the use
of omalizumab with SCIT to improve symptoms,
rved. www.co-allergy.com 5
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Table 2. Oral immunotherapy and omalizumab trials in process

Study Allergen Purpose

E-B-FAHF-2, Multi-OIT and Xolair
(Omalizumab) for Food Allergy

NCT02879006

Multifood Examine the use of E-B-FAHF-2 Chinese herbal
therapy in combination with multifood OIT
and omalizumab to help children and adults
achieve desensitization and sustained
unresponsiveness to food allergens

Omalizumab as Monotherapy and as
Adjunct Therapy to Multi-Allergen OIT
in Food Allergic Participants
(OUtMATCH)

NCT03881696

Multifood Phase 3 DBPC multisite study that aims to
determine the safety and efficacy of
omalizumab alone or in combination with
multiallergen OIT (peanut with two other
foods)

Omalizumab to Accelerate a Symptom-
driven Multifood OIT (BOOM)

NCT04045301

Multifood Phase 2b, multicenter randomized controlled
trial comparing two doses of omalizumab to
placebo in subjects with multiple food
allergies undergoing multifood OIT

Clinical Study Using Biologics to Improve
Multi OIT Outcomes

NCT03679676

Multifood Phase 2, single-center, multiallergen OIT study
in participants with allergies to peanut with
one to two additional foods that will compare
efficacy of omalizumab vs. placebo or
dupilumab plus OIT

OIT, oral immunotherapy.

Immunotherapy and new treatments

Cop
decrease time to maintenance, and enhance safety
in high-risk patients (Table 3) [66–72].

The first clinical trial to investigate the effect of
anti-IgE with specific AIT was conducted more than
10 years ago by Kuehr et al. [67]. In this randomized
DBPC, multisite study, 221 patients, age 6–17 years,
with birch and grass pollen-induced seasonal aller-
gic rhinitis were randomized to one of four treat-
ments. After 14 weeks of birch or grass pollen SCIT,
each group was randomized to receive placebo or
omalizumab for 24 weeks. Treatment with SCIT with
omalizumab reduced symptom load by 48% over
the two pollen seasons (birch and grass) compared
with SCIT alone (P<0.001). Combination treat-
ment also reduced symptom severity, the need for
rescue medication, and days with allergy symptoms
compared with SCIT alone (P<0.001). An addi-
tional safety analysis found that patients in the
omalizumab group had less SCIT injection site red-
ness and swelling than those in the placebo group
(P�0.05) [68].

Omalizumab has also been studied as pretreat-
ment to SCIT [69–73]. Kopp et al. [69] studied SCIT
(Depigoid; Laboratorios LETI SI, Tres Cantos, Spain)
with omalizumab in adolescents and adults with
grass pollen allergic rhinitis and asthma. In this
randomized, DBPC trial, 140 patients received pla-
cebo or omalizumab for 2 weeks and then initiated
SCIT using a rush protocol. Omalizumab or placebo
was continued for 18 weeks. Combination therapy
reduced daily symptom load by 39%, improved
control of rhinoconjunctivitis, asthma control,
and asthma quality of life but no significant
6 www.co-allergy.com

yright © 2021 Wolters Kluwer Health, Inc. Unauth
difference in local reactions. An extension phase
of the study found that these effects were limited
to the combined treatment period [70].

Casale et al. [71] enrolled 159 adults with rag-
weed allergy in a three-center, four-arm, random-
ized, DBPC trial. Patients received 9 weeks of
pretreatment with omalizumb or placebo, followed
by 1 day rush up dosing protocol of ragweed SCIT
and then 12 weeks of SCIT with omalizumab or
placebo. Combination therapy had significantly
lower allergy severity scores compared with mono-
therapy alone and fewer adverse events during rush
AIT. A post hoc analysis found that the addition of
omalizumab resulted in a five-fold decrease in risk of
anaphylaxis caused by ragweed SCIT (SCIT alone:
25.6% vs. SCIT with omalizumab: 5.6%; P¼0.03).
The authors also found that in vitro, the combina-
tion of ragweed SCIT and omalizumab lead to pro-
longed inhibition of allergen-IgE binding compared
with either treatment alone [73].

Massanari et al. [72] conducted first study to
evaluate the efficacy of omalizumab in improving
the safety and tolerability of SCIT in a high-risk
population of adults with persistent asthma whose
symptoms were not adequately controlled with
inhaled corticosteroids. In this DBPC trial, patients
received SCIT (cluster build-up) after premedication
with omalizumab or placebo [72]. More patients
reached the target maintenance SCIT dose in the
omalizumab group compared with placebo (87 vs.
72%; P¼0.004). The addition of omalizumab
decreased the number of visits required to achieve
the target SCIT dose (P¼0.004). The systemic
Volume 21 � Number 00 � Month 2021
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Cop
reaction rate was reduced from 26.2% in the placebo
with SCIT group to 13.5% in the omalizumab with
SCIT group (P¼0.006), including fewer systemic
reactions during cluster SCIT (P¼0.017).

More recently, Lambert et al. [74] used omalizu-
mab to induce asthma control in six patients (aged
11–21 years) with severe asthma and then initiated
combination therapy with house dust mite SCIT by
cluster regimen. For five of six patients, asthma
improved during combined treatment with SCIT
and omalizumab and SCIT was well tolerated. These
patients were also able to decrease their inhaled
corticosteroid dose.
SUMMARY OF INHALANT ALLERGEN
IMMUNOTHERAPY WITH OMALIZUMAB

There is evidence that omalizumab combined with
SCIT compared with SCIT alone can lead to a greater
reduction in allergic rhinitis symptom score and can
decrease adverse events and time to maintenance.
However, cost of omalizumab limits its widespread
use. Combination therapy may be indicated in
select patients, such as those who are polysensitized
or highly sensitive, or could be applied in those who
have been prescribed omalizumab for asthma, urti-
caria, or nasal polyps.
VENOM IMMUNOTHERAPY WITH
OMALIZUMAB

The prevalence of systemic reactions to an insect
sting ranges from 0.5 to 3.3% in United States
reports and 0.3 to 7.5% in European reports and
our thought to account for up to 20% of all cases of
fatal anaphylaxis [14,75]. Venom immunotherapy
(VIT) is the most effective method for preventing
allergic reactions to an insect sting and is indicated
in individuals with a history of a systemic reaction
to an insect sting and presence of venom-specific IgE
by skin or in-vitro testing [14,76]. VIT carries the risk
of adverse events in all patients with increased risk
associated with rapid dose increase, high basal tryp-
tase level, honeybee VIT, and basophil activation
[77,78

&

,79
&

]. When there are repeated reactions to
VIT, an alternative approach that can be considered
is the use of omalizumab [79

&

].
There have been no randomized controlled tri-

als on the use of omalizumab combined with VIT;
however, several case reports and small patient
series have been published that use a variety of
protocols with regards to omalizumab dosing and
VIT [80–88]. In general, the addition of omalizu-
mab reduces systemic reactions and allows the
patient to reach the maintenance dose [80,81,85],
including some individuals with mast cell disease
8 www.co-allergy.com
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[80,82,86,88]. However, this is not always effective
and one report did not show a benefit of combina-
tion therapy [87].
CONCLUSION

Available data suggests that omalizumab could be a
valuable option as add-on treatment with AIT for
respiratory, venom, or food desensitization. It may
be of particular benefit during build-up phase when
it might assist in reducing time required to reach
maintenance and when adverse events are more
common. However, the routine use of omalizumab
as add-on therapy is limited by the high cost and the
lack of long-term data on efficacy and safety. More
studies are needed to compare combination therapy
with AIT alone and omalizumab monotherapy. Fur-
thermore, the optimal dosing of omalizumab is
unknown. Most studies have utilized dosing based
on IgE and weight, both of which can have a signifi-
cant impact on a person’s eligibility. A recent study
concluded that with OIT, omalizumab should be
adjusted for body weight alone [57

&&

]. Further stud-
ies are needed to determine the optimal dose, dura-
tion, and timing. In addition, more clinical studies
are needed to identify patients who would benefit
most from combination therapy and determine
long-term outcomes.
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