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 CURRENT
OPINION Omalizumab and other biologics in

drug desensitization

Javier Fernandeza, Marı́a Ruano-Zaragozab, and Natalia Blanca-Lopezc

Purpose of review

Omalizumab has been proposed for controlling adverse reactions during drug desensitization. Our aim is
to know the current evidence involving the use of omalizumab in drug-allergy desensitization.

Recent findings

Drug-allergy desensitization is not risk free, but it is a useful procedure and has been applied for drug
hypersensitivity reactions with mast cells degranulation through IgE and non-IgE mechanisms. Since 2007,
omalizumab has been considered as a potential strategy to prevent adverse reactions.
Our review found few case reports and only one randomized double-blind, placebo-controlled study, using
different omalizumab regimens prior to drug desensitization. This scarce evidence is insufficient to predict
the effectiveness of omalizumab in rapid drug desensitization procedures, but it may be useful in future
studies of omalizumab or related next-generation antibodies.

Summary

Omalizumab or other IgE-targeting biologics, either a fixed dose of 300 mg omalizumab or a dose-related
total IgE level and body mass weight may be an option for patients with IgE-mediated or mast cell drug
reactions in troublesome desensitization.

Keywords

drug-allergy desensitization, drug reactions, omalizumab

INTRODUCTION

Mechanisms involved in drug hypersensitivity

Drug hypersensitivity reaction (DHR) usually refers
to the specific immune response to a drug through
antigen-dependent stimulation, such as a hapten-
carrier complex. As Pichler points out [1

&

], it can also
occur throughdirectbinding to receptorson immune
or inflammatory cells and subsequent stimulation.
Direct drug interactions with immune receptors,
such as human leukocyte antigens (HLA) or T-cell
receptors (TCR), or with enzymes or receptors of
inflammatory cells can also drive DHR.

Studying the timing of DHR onset is a very useful
approach for distinguishing immediate reactions
with mast cell degranulation from the IgG and com-
mon T-cell reactions, although it is not always easy
to obtain these data. The immediate appearance of
urticaria or anaphylaxis is considered an indicator of
IgE and mast cell degranulation, except in NSAIDs
hypersensitivity where symptoms may develop
6–24 h after NSAID intake [2], whereas the delayed
appearance of severe cutaneous or organ-specific
reactions depends on activation of T cells [3].

The mode of drug action has also been proposed
as basis for classifying DHRs [4], as it may explain
differences in sensitization, dose dependence, HLA
restriction, and cross-reactivity [1

&

]. This classifica-
tion of DHR makes a distinction between allergic/
immune, p–i stimulation and pseudo-allergic reac-
tions. The allergic/immune reactions because of
antigen formation result in all types of Gells and
Coombs-mediated immune reactions; p–i stimula-
tion of HLA and TCR drive T-cell reactions, includ-
ing cutaneous severe reactions; and pseudo-allergic
reactions with heterogeneous phenotype are
because of stimulation of inflammatory mecha-
nisms through direct binding to receptors such as
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MRPGPRX2, or enzymes like cyclooxygenase or bra-
dykinin [1

&

,2].

Drug-allergy desensitization

Sensitization seems to be accompanied by the tran-
sient and selective unresponsiveness of mast cells to
the drug given. A normal drug dose will provoke
mast cell degranulation through IgE and non-IgE
mechanisms [5] and the main associated symptoms
of urticaria/anaphylaxis after a short drug-free inter-
val [1

&

] of mast cell unresponsiveness. This seems
to be a normal process in IgE/mast cell reactions
to protein allergens and is probably the basis for
so-called desensitization [1

&

]. Desensitized mast cells
do not release significant amounts of mediators of
early and late response, and they are drug-specific [6].

Rapid drug desensitization is a treatment
modality by which mast cells are rendered hypo-
responsive, protecting patients against anaphylaxis
[7]. Moreover, mast cell models have provided evi-
dence of profound inhibitory mechanisms of cell
activation during desensitization [8]. The internal-
ization of antigen-specific IgE bound to the a-chain
of FceRI decreased after rapid desensitization in
mouse mast cells [9], without complete disappear-
ance of surface IgE and FceRI when bound to small
doses of antigen or disappearance of Syk, as pointed
out by Zhao et al. [10].

Penicillin desensitization has been widely used
as it was first reported as safe and effective in the
mid-20th century. The protocol used – a 10-fold
escalation in solution concentration with 20 min
intervals – has been used as a model for developing
drug desensitization ever since [11,12].

Nowadays, desensitization is achieved by incre-
mentally escalating (usually doubling) the subopti-
mal doses of the culprit drug until the required dose
is reached [13]. An in-vitro model of rapid IgE
desensitization indicates that both the time and
dose are critical to mast cell degranulation [14,15].
Recently, these protocols have been developed for
chemotherapeutic and biological agents, allowing
administration of first-line therapies that may be
critical for patients’ quality of life and life expec-
tancy [12,16,17]. However, protocols for delayed
reactions have not yet been standardized or may
even be contraindicated under circumstances
like severe cutaneous adverse reactions, immune
thrombocytopenia, serum sickness-like reactions,
and so on. [18]. Through evidence is so sparse that
desensitization in delayed reactions is an unresolved
question.

Omalizumab

Omalizumab (Xolair; Novartis) is a recombinant
DNA-derived humanized IgG1 monoclonal anti-
body, initially approved in 2003 in the USA for
the treatment of severe, poorly controlled allergic
asthma in children and adults aged at least six years
with an elevated serum-IgE level and evidence by
skin testing or specific IgE of perennial allergen
sensitization [19]. In 2014, it was approved for the
treatment of chronic idiopathic urticaria for
patients aged 12 years or more [20].

In asthma, the omalizumab dose (75–375 mg)
and dosing frequency (2–4 weeks) by subcutaneous
route are determined prior to starting treatment by
serum total IgE level (IU/ml) and body weight (kg)
[20]. For chronic idiopathic urticaria, there is a fixed
range of 150–300 mg subcutaneous route, indepen-
dent of IgE level or body weight [20].

However, omalizumab has also been studied as
an off-label treatment for several allergic conditions,
including atopic dermatitis, food allergy, eosino-
philic gastrointestinal disease, allergic rhinitis, idio-
pathic anaphylaxis, systemic mastocytosis, and even
allergic bronchopulmonary aspergillus with high IgE
titers or adjunct to immunotherapy [21,22].

Omalizumab specifically binds to the C epsilon
3 domain of free IgE at the site of the FceRI receptor
and does not cross-link surface-bound IgE, so it
should not trigger effector cell degranulation [23].
The complexes formed between omalizumab and
IgE result in a significant decrease in free IgE in
serum. They also prevent IgE from binding to effec-
tor cells, resulting in decreased mediator release in
response to allergens [24] and a reversible down-
regulation of FceRI receptors on basophils, mast
cells, and dendritic cells [25,26].

KEY POINTS

� Rapid drug desensitization is a treatment modality by
which mast cells are rendered hyporesponsive,
protecting patients against IgE-mediated or mast cell
drug reactions (urticaria, anaphylaxis).

� Either a fixed dose of 300mg of omalizumab or a
dose-related total IgE level and body mass weight were
used in troublesome drug desensitization from one to
two weeks before primary drug treatment.

� A dose-related total IgE level and body mass weight of
omalizumab for 16 weeks prior to ASA desensitization
has been used in a clinical trial in AERD patients with
good outcomes in terms of efficacy and safety.

� Omalizumab and other new IgE-targeting biologics
may be an option for patients with IgE-mediated or
mast cell drug reactions for troublesome desensitization
in spite of premedication.

Drug allergy
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METHODS AND RESULTS

Omalizumab in desensitization of IgE-
mediated, NSAID, and other types of drug
reactions

We conducted a review of articles published from
2003 to 2020 and involving the use of omalizumab
with drug-allergy desensitization. PubMed, Embase,
Scopus, and the Web of Knowledge were searched
using the terms of ‘omalizumab’ and ‘drug desensi-
tization.’ Results are shown in Table 1 [27–32,33

&

,
34–38].

The search yielded a few case reports where
omalizumab was successfully used prior to drug
desensitization: in one case to insulin [29]; in
another, to the enzyme Elosulfase a [35]; and in
three cases to chemotherapeutics agents – two to
carboplatin [37,38] and one to oxaliplatin [36]. But
there was only one clinical assay (n¼11) in aspirin-
exacerbated respiratory disease (AERD) where oma-
lizumab was used previous to acetylsalicylic acid
(ASA) desensitization for 16 weeks in a double-blind,
placebo-controlled, randomized trial [32]. In most
of the reported cases, omalizumab was used in a
fixed dose of 300 mg, but the duration of pretreat-
ment ranged from 7 to 15 days [29,36–38]. In the

other two, omalizumab dose was related to total IgE
levels and body mass weight [31,35]. In one study,
the drug was administered just four days before the
desensitization [35], and in all but one (in desensi-
tization to carboplatin [37]) patients continued to
receive omalizumab after desensitization.

In the AERD clinical assay [32], the omalizumab
dose was adjusted to total IgE level and body mass
weight along 16 weeks of pretreatment, but it was
stopped it after desensitization was achieved [32].
All 11 participants had moderate to severe persistent
asthma and were receiving combination controller
therapy (montelukast and inhaled corticosteroids
and in all but one patient, long-acting b agonists).
Compared with controls, there was an overall dif-
ference in urinary leukotriene E4 (LTE4) levels in
participants who received omalizumab and did not
have a respiratory reaction during desensitization;
however, this difference was significant only after
the 100-mg ASA dose [32]. Although this was a small
study, the difference in respiratory response patterns
during aspirin desensitization was statistically sig-
nificant, but the findings cannot be generalized to
any AERD patients who have not received omalizu-
mab for 16 weeks previous to ASA desensitization as
the authors suggested [32].

Table 1. Omalizumab in drug desensitization

Year
Type of
reaction Drug

Desensitization
drug

Number of
patients Cotreatment

Omalizumab
schedule

Omalizumab after
desensitization Reference Journal

2009 IgE-mediated
urticaria

Insulin No 1 No IgE related Yes [27] NEJM

2018 Anaphylaxis Insulin No 1 No 150 mg/4 weeks Yes [28] Diabetic
Medicine

2007 Anaphylaxis Insulin Yes 1 No 300 mg/15 days Yes [29] JACI

2015 AERD No 1 Asthma
treatment

IgE related Yes [30] JACI in
Practice

2015 AERD Yes/Aspirin 1 Asthma
treatment

IgE related Yes [31] JIACI

2018 AERD Yes/Aspirin 11 Asthma
treatment

IgE related/
16 weeks

No [32] Annal A C
Inmunol

2018 AERD Yes/Aspirin 167 Asthma
treatment

No No [33
&

] JACI

2017 IgE mediated
urticaria

Elosulfase a Yes 1 No No No [34] JACI in
Practice

2019 Anaphylaxis Elosulfase a Yes 1 No IgE related/4 days Yes [35] PAI

2019 Anaphylaxis Oxaliplatin Yes 1 No 300 mg/7 days Yes [36] JIACI

2014 Anaphylaxis Carboplatin Yes/
Carboplatin

1 No 300 mg/9 days No [37] JACI in
Practice

2020 Anaphylaxis Carboplatin Yes 1 No 300 mg/15 days Yes [38] Clinical
Translational
Allergy

Case reports and studies where omalizumab was used as pretreatment before desensitization and other cases where it was used to treat the drug reactions
without desensitization [27–32,33

&

,34–37]. AERD, aspirin-exacerbated respiratory disease.
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Unresolved questions about the use of
omalizumab in drug desensitization

The available evidence is insufficient to thoroughly
answer the questions posed by Casale et al. [39] in
response to the first case reported in 2007.

What is the optimal duration of
pretreatment with omalizumab for
desensitization to a drug provoking an
allergic reaction? [39]

Studies have used either a fixed dose of 300 mg or a
dose adjusted to total IgE level and body mass weight;
the minimum duration of pretreatment tested has
been 1–2 weeks prior to desensitization, although in
the AERD study pretreatment lasted for 16 weeks.

Can you stop the omalizumab and still
tolerate the drug with or without
desensitization? [39]

Available evidence suggests that the answer is no. In
one case study, carboplatin was discontinued con-
currently with omalizumab, whereas all others
reported continuing treatment with omalizumab.
Only in the AERD study did patients stop receiving
the drug after 16 weeks of pretreatment and success-
ful desensitization to ASA. However, in the case
reported by Guillen et al. [31], successful desensiti-
zation to ASA was achieved in a patient with AERD,
but they followed with omalizumab 150 mg/month.
In this case, there was an association between AERD
and chronic urticaria, which returned in the two
attempts to withdraw omalizumab, though the
respiratory symptoms did not.

What immunologic and clinical endpoints
of interest could help predict the ability to
use omalizumab in this fashion and to
possibly stop the omalizumab after
reaching maintenance therapy? [39]

For now, this question has barely been addressed.
However, determinations of mediators such as tryp-
tase, skin tests, or in-vitro tests that elucidate the
participation of IgE in a drug reaction might indicate
the use of omalizumab in any troublesome desensi-
tization. This is even the case where only clinical
data would suggest mast cell degranulation.

Future challenge

Recently, a next-generation high-affinity anti-IgE
monoclonal antibody, QGE031 (ligelizumab), has
been developed, which binds the Ce3 domain of IgE
with higher affinity (50-fold-higher in vitro and six
to nine-fold greater potency in vivo) than omalizu-
mab and is currently in phase III clinical trials.

Ligelizumab was found to have a larger suppressive
effect than omalizumab on circulating IgE, basophil
FceRI expression, and skin prick test responses to
allergens [40]. Several controlled trials in allergic
asthma and chronic urticaria have demonstrated
that ligelizumab has greater efficacy than omalizu-
mab against inhaled and skin allergy responses [41].
Gasser et al. [42] have also described the crystal
structure of ligelizumab bound to IgE and the epi-
tope differences between ligelizumab and omalizu-
mab that contribute to their qualitatively distinct
IgE-receptor inhibition profiles.

MEMP1972A (quilizumab) is another human-
ized, monoclonal IgG1 that binds to the M1-prime
segment present on membrane-expressed IgE, but
not on soluble IgE in serum [42]. This drug has
already been evaluated in phase I and II clinical
trials, showing good safety, tolerability, and anti-
CmX activity [43,44]. Quilizumab was also recently
assessed in adults with allergic asthma that was
poorlycontrolled despitehigh-dose inhaledcorticoid
steroids and a second controller [43]. After 36 weeks
of treatment, quilizumab was well tolerated, with
a safety profile consistent with previous clinical
studies; however, it did not have a clinically signifi-
cant impact on exacerbation rates, lung function, or
quality of life [45].

Finally, MEDI4212, another IgE-targeting bio-
logic, binds not only to soluble but also to mem-
brane IgE. It may achieve an immediate clinical
benefit by directly targeting free IgE, while limiting
the generation of new IgE-switched B cells and
plasma cells [46]. In one phase I study, MEDI4212
treatment decreased serum IgE more rapidly than
omalizumab treatment, but IgE recovery was also
much more rapid than in the omalizumab-treated
group [47]. This feature might limit the potential for
dosing-schedule advantages over omalizumab, but
it may be used as pretreatment in drug desensitiza-
tion protocols where prolonged use of this biologi-
cal agent is not necessary.

All of these next-generation high-affinity anti-
IgE monoclonal antibodies can be potential drugs to
be particularly considered in troublesome desensiti-
zation of IgE mediated drug reactions.

CONCLUSION

Omalizumab and other new IgE-targeting biologics
may be an option for patients with IgE-mediated or
mast cell drug reactions for troublesome desensiti-
zation in spite of premedication. Discontinuation
of omalizumab is safe only for ASA desensitization
in AERD patients. In other cases, the discontinua-
tion of omalizumab may condition symptoms’
reappearance.

Drug allergy
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