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Purpose of review

To provide the most recent insights in the use of biologicals in the treatment of patients with anaphylaxis.

Recent findings

There is evidence that biologics such as omalizumab may be safe and effective in preventing anaphylactic
reactions in patients at high risk mainly because of severe food allergy or desensitization procedures to
food, airborne allergen, drugs, or hymenoptera venom.

Summary

Further knowledge will guide the adoption and implementation of any new therapy including biologics for
anaphylaxis according to the stratification of risk/benefits.
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INTRODUCTION

Anaphylaxis: from definition and diagnosis to
treatment and management

Anaphylaxis events are increasing worldwide [1,2].
According to the definition provided by the recently
updated version of the International Classification of
Diseases (ICD-11) [3], anaphylaxis is a severe, life-
threatening systemic hypersensitivity reaction char-
acterized by rapid onset with potentially life-threat-
ening airway, breathing or circulatory problems [4].
ICD-11 represents a great step forward as the previous
ICD (ICD-10) did not include proper coding. The
diagnosis of anaphylaxis is primarily based on the
clinical presentation, as well as an accurate descrip-
tion of acute episode(s), including antecedent activi-
ties and events occurring within the preceding
minutes to hours (e.g. drugs, alcohol, infections,
menses, and asthmatic exacerbations). Typically,
exposure to a triggering allergen is followed by rapid
development of symptoms and signs over minutes
generally up to 2 hours. Different organs/systems
may be involved [5]. Data from patients experiencing
anaphylaxis revealed that skin and mucosal symp-
toms occur most frequently followed by symptoms
involving the respiratory tract (e.g. loss of voice,
dyspnea, wheezing, stridor, and/or cyanosis) and
cardiovascular systems (e.g. hypotension, loss of con-
sciousness). The severity degree is variable ranging
from mild up to death [6–8] in a minority of cases. In
addition, the impact on quality of life and direct,
indirect and social costs is high [9].
rs Kluwer Health, Inc. All rights rese
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The most common elicitors of anaphylactic reac-
tions are food, drug, and venom. In some cases, the
cause is not obvious (idiopathic anaphylaxis) and
investigations for rarer causes or mast cell activation
syndromes should be considered. The prevalence of
the various causes of anaphylaxis is age dependent
and varies in different geographical regions. In
Europe, the most frequent causes of food-induced
anaphylaxis in children are peanut, hazelnut, milk
[10–12]. The main causes of drug-induced anaphy-
laxis are antibiotics (first, beta-lactam) and nonste-
roidal anti-inflammatory drugs [13,14].

The management of anaphylaxis includes pre-
vention measures and the prompt initial pharmaco-
logic treatment. Prevention of anaphylaxis depends
primarily on the management of patient-related risk
factors, including strict avoidance of confirmed rel-
evant allergens or triggers and, where indicated,
immunomodulation (e.g. immunotherapy). Adren-
aline (epinephrine) is the first-line treatment for any
type of anaphylaxis and is recognized as the only
medication documented to reduce hospitalizations,
rved. www.co-allergy.com
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KEY POINTS

� Adrenaline (epinephrine) i.m. is currently confirmed to
be the first-line treatment for anaphylaxis.

� Glucocorticoids and antihistamines are not part of the
initial treatment of anaphylaxis. Epinephrine
administration should not be delayed in order to initiate
therapy with these agents.

� After treatment of the acute event, anaphylaxis should
be treated as a chronic condition. Although avoidance
is the mainstay for long-term control of anaphylaxis,
inadvertent exposure to allergens is always
a possibility.

� The property of biologic drugs, such as omalizumab, to
induce not allergen-specific effects on allergic immune
responses makes this treatment a potentially attractive
candidate for several immunoglobulin E-
mediated diseases.

� Further well-designed studies are needed to fill the
current gaps in knowledge and guide the adoption and
implementation of any new preventive option
for anaphylaxis.

Anaphylaxis and insect allergy

Cop
hypoxic sequelae, and fatalities [15,16
&&

,17,18]. Sys-
temic antihistamines have only been demonstrated
to alleviate cutaneous symptoms [19,20]. Glucocor-
ticoids are commonly used in anaphylaxis as
they are thought to prevent protracted symptoms
and possibly biphasic reactions, although there
is limited and contradictory evidence of their effec-
tiveness. Their administration could delay adrena-
line injection [20,21]. Inhaled ß-adrenoreceptor
agonists, (e.g. salbutamol) and adrenaline via a
nebulizer together with oxygen can be addition-
ally administered respectively in the case of pre-
dominant bronchial obstruction or in cases with
suspected laryngeal/pharyngeal edema as a sup-
plement to intramuscular administration [16

&&

].
Over the last years, the approach to the treatment
of anaphylaxis has gone from a purely defensive
attitude to a proactive one [22]: we no longer
wonder mainly how to avoid the allergenic foods,
but how to consume them without risk, acciden-
tally or by integrating it into the diet. In this
context, the potential use of biologic agents in
anaphylaxis has gained interest because it could
transform the management of patients suffering
from it [20].

This review aims to provide an updated over-
view on current evidence about the role of biologic
agents in anaphylaxis. We will focus on the effects
of biologics on preventing and treating anaphy-
laxis.
2 www.co-allergy.com
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Monoclonal agents

The commercial use of monoclonal antibodies
(mAbs) began in early 1980s, and the first therapeu-
tic mAb targeting the immune system was approved
in 1986 [23]. At present, 200 biologic agents are
commercially available for several conditions. The
introduction of biologic drugs and their expanding
use over the recent years transformed the manage-
ment of patients suffering from atopic diseases.
Several biologic therapies are emerging as potential
preventive or adjunctive treatment of anaphylaxis
[24]. Unfortunately, their very high cost also creates
new challenges in terms of access and sustainability.
In Europe, the ten most prescribed biologics
accounted for a combined cost of 16.5 billion Euros
(14.8 billion USD) [25]. In the USA in 2013, they
were found to account for 40% of medication costs
while representing only 2% of prescription [26].
Cost-utility analyses have yet to be conducted for
anaphylaxis. Since the current relatively low direct
healthcare costs in these diseases are not expected to
off-set the high cost in medication, cost-effective-
ness will likely also be dictated by the extent of
utility gain with treatment. Establishing valid and
reproducible utility estimates for these indications
will be critical to ensure the credibility of future
economic analyses [6].

Although biologic agents are still not licensed
for the management of anaphylaxis, these drugs, in
particular omalizumab, appear to be effective as a
preventive measure of the condition (Table 1).

mAbs are exponentially used in clinical practice
to treat a wide range of diseases, and represent a
novel therapeutic class that is increasingly associ-
ated with anaphylaxis, as recently reviewed.

The agent most commonly reported to trigger
anaphylaxis is the anti-immunoglobulin E (IgE)
mAb omalizumab; however, systematic reporting
and analysis of cofactors related to mAb-related
anaphylaxis are currently lacking [27]. Typically,
medications are avoided after hypersensitivity reac-
tions unless there is no alternative treatment and
there is an excellent clinical response to omalizu-
mab previously. There are some prior reports of
omalizumab administration by desensitization pro-
tocol after acute or delayed reactions using a desen-
sitization protocol with a pathway for possible
return to standard injection [28].
Omalizumab

Omalizumab (Xolair) is an anti-IgE humanized
monoclonal antibody developed by recombinant
DNA techniques (anti-IgE mAb). In particular, Oma-
lizumab is an immunoglobulin G1, which
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Anaphylaxis and insect allergy

Cop
selectively binds to the two Ce3 constant domains of
free circulating IgE, thus forming trimeric or hex-
americ IgE/anti-IgE immune complexes.

Because omalizumab specifically interacts with
the Ce3 domain, that includes the IgE-binding sites
for both FceRIs and FceRIIs/CD23, this humanized
antibody impedes IgE-linkage to high-affinity and
low-affinity receptors on effector cells (primarily
basophils and mast cells), interfering with degran-
ulation and release of pro-inflammatory mediators
[29]. Moreover, by reducing free circulating IgE,
omalizumab decreases FceRI expression on these
cells, and, therefore, decreases their degranulation.
In general, omalizumab is not able to induce degran-
ulation by effector cells because it does not bind to
FceRI-bound IgE or IgE receptors. Additionally, the
IgE/omalizumab immune complexes are character-
ized by a strong stability and very limited dimension
that make them soluble and unable to precipitate
[29]. Notwithstanding, in rare cases (0.09%), oma-
lizumab induces an anaphylaxis-like reaction
through unknown mechanism(s) [30].

Furthermore, by preventing IgE linkage to FceRIs
present on the cell membrane of dendritic cells,
omalizumab neutralizes IgE-dependent facilitation
of antigen presentation to T-cells. Consequently, it
decreases the T helper two -mediated allergic path-
way activity, including decreased IgE production,
anergy of B cells, induction of regulatory T cells, and
eosinophil apoptosis [31]. In addition to high-affin-
ity FceRI receptor, IgE can bind to low-affinity FceRII
receptors (CD23), which can modulate (toward
either upregulation or downregulation) the IgE syn-
thesis. There is evidence that omalizumab may
downregulate FceRII, making effector cells insensi-
tive to incoming allergen [31].

Omalizumab targets the constant IgE region and
thus induces specific nonallergenic effects on aller-
gic immune responses. This property makes this
biological treatment a potentially attractive candi-
date for various IgE-mediated diseases even outside
the indications currently approved by the European
Medicines Agency [32] and the US Food and Drug
Administration [33] (i.e. allergic asthma, chronic
idiopathic urticarial, and nasal polyps).
Omalizumab in anaphylaxis: current evidence

Besides the formal indications, omalizumab has also
been shown to have a potential therapeutic effect for
several allergic diseases which may present with
severe anaphylaxis [34

&

–36
&

,37].
In particular, in the field of food allergy, oral immu-

notherapy (OIT) is a promising treatment but has some
limitations, includingsafety issues [38–41].Theadjunc-
tive treatment with omalizumab has shown to
6 www.co-allergy.com
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accelerate milk OIT with increased safety by reducing
the number of adverse events and their severity [42].
Similar data are available for OIT to several foods,
including peanut [43] and multiple-food allergens
[44]. The PRROTECT study (Peanut Reactivity Reduced
by Oral Tolerance in an Anti-IgE Clinical Trial) evalu-
ated in aprospective, controlled mannerabout40high-
risk subjects with peanut allergy between 7 and 18years
of age. Those treated with omalizumab were able to
undergo a rapid OIT and to tolerate doses of peanut 10
times higher than those treated with placebo [45]. An
ongoingclinical trialcalledOutMATCHT(Omalizumab
as Monotherapy and as Adjunct Therapy to Multi-
Allergen OIT in Food Allergic Children and Adults), is
testing Omalizumabmonotherapy and as an adjunct to
multifoodOIT, inarandomized,double-blind,placebo-
controlled fashion [46]. The results are expected to shed
light on different aspects of Omalizumab as adjunctive
treatment to OIT and as monotherapy in the therapy of
food allergy and thus in the prevention of anaphylaxis
episode triggered by a food allergen.

Preliminary data suggest that omalizumab
would be capable to reduce anaphylaxis episodes
by shifting eliciting allergen thresholds and induc-
ing clinically meaningful levels of desensitization
when used by itself [6,34

&

,47]. In 2019, a single-
center, real-life, retrospective observational study
has provided uncontrolled data in support of oma-
lizumab as effective monotherapy for food allergy
[48]. A total of 15 out of the 115 patients with severe
atopic asthma received omalizumab for their
asthma per standard-care guidelines, had allergy
to at least two foods, and underwent paired OFCs
before, and 4 months into, omalizumab treatment.
The 15 patients selected for the analysis had clinical
histories of immediate reactions to foods. After
4 months of omalizumab treatment, all patients
experienced an increase in their eliciting threshold
to each food tested and reduced symptomatic acci-
dental food allergen exposures [48]. More recently,
these data have been confirmed by the same
research group in an oral communication in a larger
independent, retrospective cohort of patients with
food allergy and concomitant asthma [49]. There-
fore, omalizumab has been proposed for controlling
adverse reactions during desensitization to different
allergens, including airborne ones [37,50–51], also
in asthmatic patients [37,52], venom [53] and drug
[36

&

]. Omalizumab has been successfully used prior
to drug desensitization: to insulin [54]; to the
enzyme Elosulfase a [55] and to chemotherapeutics
agents [carboplatin [56,57] oxaliplatin [58]].

Hymenoptera venom immunotherapy is indi-
cated in patients with sting anaphylaxis. Patients
with mast cell activation disorders or mastocytosis
who developed sting anaphylaxis can also receive
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venom immunotherapy. However, in these
patients, the venom immunotherapy is likely to
provide incomplete protection and the patient
may have increased adverse reactions. Pretreatment
with omalizumab has been shown effective as an
adjunctive treatment in patients with mastocytosis,
for both symptom improvement and to dampen
adverse effects caused by venom immunotherapy
[37,50–66]. In this highly sensitized and reactive
patient population, the benefit of rapid desensitiza-
tion is important because future stings may be fatal.
Giannetti et al., reported a successful implementa-
tion of a ultrarush 1-day venom desensitization
protocol coupled to an option for omalizumab that
enables successful venom immunotherapy in
patients with life-threatening anaphylaxis after
Hymenoptera sting, mast cell activation disorders,
and/or recurrent systemic reactions during conven-
tional venom immunotherapy [67].

Omalizumab has been shown to be a promising
treatment of idiopathic anaphylaxis, successfully
reducing the number of episodes and improving
the quality of life. Patients with idiopathic anaphy-
laxis who were not controlled despite continuous
use of oral corticosteroids and/or antihistamines
were treated with omalizumab (300–375 mg every
2–4 weeks) for 10–14 months [68–71]. In these four
patients, no anaphylaxis episode was recorded after
onset of omalizumab injection. Omalizumab may
be a preventive therapeutic option in patients with
idiopathic anaphylaxis depending on the severity
and frequency of episodes, but the cost/benefit ratio
should be assessed individually.

Mastocytosis and mast cell activation disorders
may be identified as a cause of idiopathic anaphy-
laxis [65]. Effectively omalizumab has been shown
to prevent recurrent anaphylaxis, reduce skin symp-
toms and increase quality of life in a cohort of 13
adults with systemic mastocytosis who received this
treatment with a median duration of 17 months
(range 1–73 months) [72,73]. Controlled studies
are needed to corroborate this finding.

Moreover, omalizumab has been shown to
reduce anaphylaxis in patients with hereditary
alpha-tryptasemia (HaT) who reported severe symp-
toms of mast cell activation [74].
Further monoclonal antibodies alongside
omalizumab

Other mAbs are being studied and may be possible
measures in the management and prevention of
anaphylaxis in the future.

ETOKIMAB - An exploratory study evaluated the
effect of a single administration of Etokimab, an
antagonist of interleukin (IL)-33, on IgE-mediated
1528-4050 Copyright � 2021 Wolters Kluwer Health, Inc. All rights rese
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peanut allergy. In this protocol, a single administra-
tion of etokimab was performed in patients with a
positive DBPCFC to peanut at baseline. A DBPCFC to
peanut 14 and 45 days postadministration was pro-
grammed to explore changes in tolerance threshold,
together with skin prick tests and immunologic
evaluations. The drug induced an increase of the
proportion of peanut-tolerating patients. This clini-
cal result was paralleled by a reduction in IL-4, IL-5,
IL-9, and IL-13 in CD4þ T cells [75].

DUPILUMAB- Dupilumab is a monoclonal anti-
body, available in the USA and in Europe for the
indications of atopic dermatitis [76], asthma [77],
and nasal polyposis [78]. It targets the a-chain of the
IL-4 receptor (IL-4Ra), which is also common to IL-
13. This binding results in a blockade of the down-
stream signaling initiated by both IL-4 and IL-13. As
these cytokines are key players in the Th2 cell dif-
ferentiation, Dupilumab inhibits several Th2-
dependent immune ways, including the signaling
pathway of IgE class switching, the macrophage
polarization into the pro-inflammatory (M2) phe-
notype, and peripheral eosinophilia [79]. The mole-
cule exerts effects on B lymphocytes, eosinophils,
dendritic cells, monocytes/macrophages, basophils,
keratinocytes, bronchial epithelial cells, endothelial
cells, fibroblasts, and airway smooth muscle cell
[80]. In anecdotal observations, dupilumab used
for severe atopic dermatitis shown efficacy in get-
ting tolerance to concomitant food allergy eliciting
anaphylactic shock [81]. Two studies are underway
to evaluate the effectiveness of this biological asso-
ciated or not with oral immunotherapy treatment in
food allergy [82,83].

Another study assessing the possible synergy
with omalizumab in food allergy is the 44-weeks
NCT03679676 trial. [84] Omalizumab is compared
to placebo and dupilumab in their ability to get
tolerance to two or more food allergens at Week 38.
Taken together, the evidence suggests that omali-
zumab is close to entering the clinic with an indi-
cation of food allergy, though we eagerly
anticipate the availability of further data from
trials that are ongoing. For this threatening pathol-
ogy, orphan of effective and safe treatments, it is
our opinion that obtaining an indication for this
biological would be a robust step forward in patient
management [85].

LIGELIZUMAB- Ligelizumab is an IgG1 khigh-
affinity humanized monoclonal anti-IgE antibody
that binds with higher affinity to the Ce3 domain of
IgE than omalizumab, with a sixfold to ninefold
greater suppression of allergen-induced skin prick
tests in vivo. The dissociation constant (Kd) of oma-
lizumab is 6–8 nM, whereas for ligelizumab it is 139
pM [81]. A recent study evaluated the efficacy and
rved. www.co-allergy.com 7
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safety of this drug in patients with moderate/severe
urticaria, with positive outcomes [86], but there is
still no study involving anaphylactic patients.

QUILIZUMAB- Quilizumab is a humanized mAb
that targets the main segment M1 (M1 prime seg-
ment) of IgE expressed on the membrane of B cells
and plasmablasts with an IgE switch. In clinical
studies in healthy volunteers and patients with
asthma and rhinitis, quilizumab reduced the levels
of total and specific IgE and sustained them for at
least 6 weeks [87]. Although targeting IgE expres-
sion, there are still no registered studies
in anaphylaxis.
CONCLUSION

Allergen avoidance and prompt reaction strategies
(epinephrine) remain the mainstay of the treatment
of any type of anaphylaxis. However, several bio-
logic therapies are emerging as potential preventive
treatment of anaphylaxis. Better understanding of
the underlying mechanisms of anaphylaxis, and the
stratification of endotypes support precision medi-
cine, may allow the integration of new therapeutic
approaches, such as the use of biologic agents. There
are no ideal biomarkers to stratify anaphylaxis and
guide therapy in clinical practice. Nevertheless,
some biomarkers may be helpful to select subsets
of atopic patients that might benefit from
biologic agents.

Biologic drugs, such as omalizumab, have been
used as therapeutic adjuvants as a preventive mea-
sure of anaphylaxis. However, additional research
on the effects of omalizumab not only is likely to
shed light on its mechanism of action, but also will
help health policy makers in considering further
integrative options for anaphylaxis management
tailored on the single patient. Cost-effectiveness
should be considered individually. The cost of such
medications and knowledge gaps about long-term
benefit/risk require further research and expertise.

Adequately powered and rigorously conducted
randomized controlled clinical trials are needed to
minimize bias and provide high-quality data to
guide the adoption and implementation of any
new therapy.
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