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Abstract. The development of targeted 
therapies for atopic diseases, urticaria, and 
angioedema with biologics is progressing 
rapidly: New “targets” of clinical-therapeu-
tic relevance have been identified, the cor-
responding targeted antibodies developed, 
tested in clinical trials, and approved for 
therapy. These include the anti-IgE antibody 
omalizumab (also effective and approved for 
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the treatment of urticaria), the anti-IL-4/13 
receptor-specific antibody dupilumab, the 
two anti-IL-13 antibodies lebrikizumab and 
tralokinumab, the anti-TSLP antibody tez-
epelumab, the two anti-IL-5 antibodies me-
polizumab and reslizumab, and the anti-IL5 
receptor-specific antibody benralizumab 
for the treatment of atopic diseases. For 
the treatment of hereditary angioedema, 
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C1 inhibitor and the antibody lanadelumab 
(directed against kallikrein) have also long 
been approved as biologics in addition to 
low-molecular substances. Other thera-
peutic antibodies are in various stages of 
development. Furthermore, the range of 
indications for some very effective biologics 
has been successfully expanded to include 
additional diseases. In this context, the first 
results on biologic therapy of food allergy 
and eosinophilic esophagitis are interesting. 
Biologics that address different target struc-
tures are also increasingly being adminis-
tered in combination, either simultaneously 
or sequentially, in order to achieve optimal 
efficacy. A developing area is the use of bio-
logics in children and the observation of im-
munological and non-immunological side 
effects. In some cases, new unexpected side 
effects and hypersensitivity reactions have 
emerged, which in turn raise pathomecha-
nistic questions, such as conjunctivitis with 
dupilumab therapy, which only appears to 
occur in the treatment of atopic dermatitis 
but not in the treatment of other atopic dis-
eases. In dermatology, paradoxical reactions 
have been described under therapy with 
some biologics. And immune reactions of 
type alpha to epsilon to biologics (hypersen-
sitivity reactions) continue to be a clinically 
relevant problem, whereby the selection of 
an alternative therapeutic agent is a chal-
lenge and the diagnostics that support this 
have not yet been sufficiently incorporated 
into routine work.

Introduction

The intensive work on the pathomecha-
nistic elucidation of inflammation and on-
cological processes with the aim of finding 
biomarkers for improved diagnostics and 
specific targets for therapies (target treat-
ments) as well as preventive measures has 
already made important contributions to 
the individual treatment of patients in re-
cent years. Since the first edition of our work 
on biologics in atopic diseases [1], there 
have been important further developments, 
which are discussed below on an organ-as-
sociated basis.

Biologics are therapeutically used sub-
stances that imitate or directly and spe-
cifically address key players of the human 
immune system or organism and can thus 
modulate pathological processes. Depend-
ing on the mechanism, this is achieved in 
different ways.

They are essentially active substances 
from the following groups: monoclonal an-
tibodies (mAb), cytokines, and fusion pro-
teins. Their effect is triggered by binding 
specifically to receptors (activating or inhib-
iting them) and complexing active molecules 
in order to inhibit them (cytokine and anti-
body inhibitors). Effective cytokine inhibi-
tors are antibodies directed against IL-5, the 
epithelial cytokine thymic stromal lympho-
poietin (TSLP), and IL-13, as well as those di-
rected against the corresponding receptors 
or structural parts thereof, such as against 
the IL-4 receptor α-chain or the α-chain of 
the human IL-5 receptor, and block recep-
tor-interleukin binding.

Increasingly rare are the mAb chimeras. 
Chimeric means that they are constructed 
from human and mouse components and 
therefore have a relatively high immunoge-
nicity/allergenicity for humans (< 50 – 75% 
human). For this reason, the focus is now 
on the production of humanized or human 
mAb.

The structural combination of soluble 
proteins and antibody fragments (e.g., IgG1, 
Fc part) can imitate a ligand or a receptor as 
a fusion protein that has a desired strong af-
finity to the target structure.

Although the design and production 
of therapeutics specifically address the 
body’s own key structures and increasingly 
resemble human molecules in their mo-
lecular structure, it cannot be assumed that 
their effect is fully understood or that their 
therapeutic impact is without side effects or 
undesirable immune reactions such as hy-
persensitivity or hypersensitivity reactions, 
induction of autoimmune diseases and im-
munodeficiency. For some, additional non-
immunological side effects are known (e.g., 
for dupilumab, dry eyes and conjunctivitis or 
even paradoxical reactions, see below).

Both an advantage and a challenge is the 
development of biologics to treat the vari-
ous atopic diseases and address the corre-
spondingly different organ systems: an ad-
vantage because they are partly based on a 
common pathogenesis, a challenge because 
still no single biologic is able to improve all 
atopic diseases at the same time.

More and more, however, the develop-
ment of biologics and the corresponding 
successes in patients are helping to better 
and better characterize the specifics of atop-
ic diseases and their subgroups so that the citation
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therapeutic approach and pathomechanistic 
clarification go hand in hand, so to speak.

Biological therapy of bronchial 
asthma

The first biologic approved for this in-
dication was omalizumab in 2005. Since 
then, other biologics have been used to 
treat defined phenotypes of severe allergic 
asthma: These include antibodies that block 
IL-5 (mepolizumab, reslizumab), the IL-5 re-
ceptor (benralizumab), or the IL-4 receptor 
α-chain (dupilumab) [1, 2]. Although the 
indication for prescribing biologics is severe 
asthma, there is no single valid definition of 
this phenotype. Instead, different approach-
es have been published to characterize the 
patient group “severe asthma”. The key fac-
tor is the presence of uncontrolled asthma 
despite high-dose inhaled anti-inflammato-
ry therapy (inhaled corticosteroids (ICS)) in 
combination with another “controller” (e.g., 
long-acting beta-2 sympathomimetics). 
Analyses of insurance and health insurance 
data indicate that this definition only applies 
to ~ 3 – 4% of patients with asthma [1, 3, 
4]. Questionnaires (Asthma Control Test or 
Asthma Control Questionnaire), the docu-
mentation of acute exacerbations, the need 
for inpatient treatment, and impaired lung 
function are used to objectify the diagnosis 
of “uncontrolled asthma”. In this context, 
patients with “difficult-to-treat” asthma 
must be differentiated from patients with 
“severe” asthma [1, 5].

For the majority of patients with un-
controlled asthma despite high-dose ICS 
therapy, inadequate medication intake (e.g., 
inadequate inhalation technique, lack of 
adherence), previously undiagnosed or un-
treated comorbidities such as sleep apnea, 
obesity, reflux, chronic rhinosinusitis, or the 
persistence of relevant trigger factors such 
as allergen sources in the environment are 
the cause of poor symptom control. These 
factors must therefore first be eliminated 
and disease management optimized. If this 
is not successful, the patient has severe 
asthma. For these patients, the indication 
for treatment with a biologic should then 
be examined [1]. The recommendation of 
national and international guidelines is that 

biologic therapy should definitely be pre-
ferred to systemic corticosteroid treatment 
[1, 6, 7], as prolonged and repetitive system-
ic cortisone therapy for asthma is associated 
with the known undesirable side effects [1, 
4, 8]. In order to identify those patients who 
would benefit from biologic therapy among 
the various asthma phenotypes with their 
different immunological characteristics, 
both the clinical and immunological criteria 
must be recorded very carefully. The phe-
notypes of severe allergic asthma, asthma 
with eosinophilic inflammatory reaction, 
and asthma with type 2 inflammation, some 
of which have considerable overlaps, can al-
ready be treated with monoclonal antibod-
ies [1]. Omalizumab has been authorized 
for the treatment of severe allergic asthma 
since 2005. It can contribute to a reduc-
tion in the frequency of exacerbations, an 
improvement in symptoms and quality of 
life as well as lung function. In addition, the 
need for systemic steroid therapy can be re-
duced [1, 9]. Omalizumab is also effective 
regardless of the type of inflammation: a 
reduction in acute exacerbations has been 
demonstrated both in patients with and 
without eosinophilic inflammation [1, 10]. 
In practice, however, it should be noted that 
the use of omalizumab is not expected to re-
duce eosinophils in the blood. In individual 
cases, this can lead to a good improvement 
in lung function being achieved with omali-
zumab in severe allergic asthma, but further 
optimization can only be achieved with the 
additional use of an anti-IL 5 biologic [11]. As 
omalizumab has been used since 2005, the 
longest experience (long-term use) is also 
available with this biologic. Retrospective 
data from continuous use over 5 – 10 years 
in one center document that the biologic 
shows no loss of efficacy even after years of 
use and that there is no change in its good 
tolerability even after prolonged use [1, 12]. 
Three therapeutic antibodies have been ap-
proved for the treatment of severe asthma 
with eosinophilic inflammation: mepolizum-
ab and reslizumab (anti-IL-5 antibodies) as 
well as benralizumab (antibody against the 
α-chain of the human IL-5 receptor (IL-5Rα)). 
Mepolizumab significantly reduces exacer-
bations, improves asthma control, and also 
improves FEV1 in patients with an elevated 
eosinophil count in the peripheral blood 
[1, 13]. In patients with severe asthma and 
eosinophilia, benralizumab therapy [1, 14] citation
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also leads to a reduction in exacerbations, 
an improvement in symptoms, an increase 
in quality of life, and a slight improvement 
in lung function [1, 15]. These therapeutic 
effects of both biologics are of particular 
importance in the case of steroid-requiring 
asthma, as controlled studies have shown 
that the use of anti-IL-5 or anti-IL-5Rα anti-
bodies enables a reduction or complete dis-
continuation of systemic corticosteroids [1, 
13, 16]. Despite the reduced steroid dose, 
there were fewer exacerbations in the treat-
ed groups. Due to the massive side effects 
of systemic steroid therapy, these results are 
of considerable relevance. Dupilumab is also 
authorized for the treatment of severe asth-
ma. It binds to the α chain of the interleu-
kin-4 receptor (IL-4Rα) and thus inhibits the 
binding of IL-4 and IL-13 to the respective 
receptor. Dupilumab has also been shown 
to reduce exacerbations, improve quality of 
life and lung function in patients with uncon-
trolled asthma and evidence of eosinophilic 
inflammation or elevated levels of nitric ox-
ide (FeNO) in exhaled air [1, 17]. Dupilumab 
enabled a reduction or complete discontinu-
ation of systemic corticosteroids in patients 
who were treated with systemic steroids on 
a long-term basis [1, 17]. Omalizumab, me-
polizumab, benralizumab, and dupilumab 
are now approved for self-administration at 
home, but this represents a risk that should 
not be underestimated due to the possibil-
ity that anaphylactic reactions to biologics 
may develop even after months of success-
ful therapy [1, 18]. Another therapeutic op-
tion was the introduction of tezepelumab. 
The monoclonal antibody inhibits TSLP. TSLP 
is an epithelial cytokine that plays a crucial 
role in asthma pathogenesis as it is released 
following epithelial damage or activation of 
immune cells. The higher the blood level of 
TSLP, the higher the rate of exacerbations 
[19]. Tezepelumab is indicated as an add-on 
maintenance therapy in adults and adoles-
cents aged 12 years and older with severe 
asthma that is inadequately controlled de-
spite high-dose inhaled corticosteroids and 
another drug for maintenance therapy. In 
contrast to the other biologics, there are no 
requirements regarding the level of eosino-
phils in the blood, IgE or cutaneous sensiti-
zation, FeNO or lung function parameters, 
which minimizes the diagnostic require-
ments. There is no doubt, however, that it 
is useful and, in the absence of an effect, 

essential to determine these parameters in 
order to achieve phenotyping. The rationale 
for dispensing with the determination of eo-
sinophils and FeNO lies in the efficacy of tez-
epelumab even with eosinophils of < 150/
µL and a normal FeNO – although higher 
efficacy with eosinophils > 150/µL has been 
documented in phase III studies [20]. Bio-
logic therapy for severe asthma should be 
started by physicians experienced in this dis-
ease and the efficacy evaluated after 4 – 6 
months. If there is no clear response, the 
review phase can be extended to 12 months 
[1]. The following applies to the remaining 
concomitant medication: After starting bio-
logics treatment, the previous inhaled and 
oral asthma therapy should be maintained 
for at least 4 weeks and only then reduced, 
if necessary, under close monitoring of 
asthma control [1]. Biologics represent an 
add-on therapy and are not yet authorized 
for monotherapy. However, the use of bio-
logics often leads to such an improvement 
in lung function, Asthma Control Test (ACT) 
and symptoms that the patients concerned 
can completely dispense with the further 
use of inhaled steroids and long-acting beta-
mimetics – which they do of their own ac-
cord [1]. Without there being a national or 
international recommendation for these 
situations, an extension of the injection in-
tervals can be considered in these cases 
[1]. For omalizumab, it has already been 
described that once a controlled stage has 
been reached, it is possible to significantly 
extend the injection intervals [21], while a 
reduction or discontinuation of the biologic 
usually led to renewed deterioration [1].

In another study [22], the possibility of 
extending the dosing intervals of mepoli-
zumab in patients with severe eosinophilic 
asthma after achieving good control was 
also investigated. ACT and lung function 
values improved significantly after start-
ing therapy with mepolizumab at regular 
4-weekly injection intervals. After extend-
ing the dosing intervals, both ACT and lung 
function remained at a stable level for 1 
year, and the interval extensions had no ef-
fect on the use of systemic oral corticoste-
roids (OCS). In patients with completely or 
well-controlled eosinophilic asthma treated 
with mepolizumab, extending the dosing in-
tervals between injections to up to 8 weeks 
has the potential to avoid unnecessary injec-
tions and save costs for the healthcare sys-citation
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tem. This procedure also appears possible 
for other biologics in individual cases with-
out contradicting the previous indication 
description.

Still formally unresolved is the question 
of how the treating physician should behave 
if the patient who feels that their asthma 
is almost or completely controlled refrains 
from taking any or almost any further asth-
ma medication. The doctor has informed the 
patient that the biologic is an add-on thera-
py, and that it is assumed that the patient 
will continue to use at least ICS in addition 
to the biologic – after oral steroids have pos-
sibly already been discontinued completely 
to the delight of the patient and the doctor.

It remains the self-evident right of every 
patient to use only those medications that 
they themselves accept. There is no compul-
sion to take medication and, from a legal point 
of view, the patient can refuse any therapy.

However, it remains the task of the doc-
tor caring for the patient and prescribing the 
biological agent, to inform the patient and 
to recommend and prescribe the ICS, albeit 
at a reduced dose. The prescriber should al-
ways document the prescription of the ICS 
as a medication to be used regularly and 
the verbal instruction to use it – even if they 
have the impression or feeling that their ex-
planatory words may not be followed.

In the same way, prescribers of all bio-
logics for the indication severe asthma 
should check the indication of the prescrip-
tion every 4 – 6 months and document this 
in writing. The number of exacerbations, the 
possible dose of OCS, the ACT value, and the 
development of lung function are important 
parameters that can be used for an assess-
ment during the course of treatment with 
the biologic. The biologic should be assessed 
in dialogue with the patients – but should 
not just follow their wishes.

Biologics for the treatment of 
atopic dermatitis

Dupilumab, a recombinant human IgG4 
monoclonal antibody, was the first biologic 
approved for the treatment of moderate to 
severe atopic dermatitis in 2017. This anti-
body specifically targets the common IL-4Rα 
subunit of type 1 and type 2 IL-4 receptors, 

thereby blocking both IL-4 and IL-13. The ap-
proval was based on two placebo-controlled 
phase III studies and a long-term study over 
1 year [23, 24]. Approval was first extended 
to children aged 12 years and older in the 
autumn of 2019, based on the results of a 
successful placebo-controlled study in this 
age group [25]. Subsequently, approval was 
granted for children aged 6 years and older. 
In 2023, this approval was further extended 
to include infants as young as 6 months, 
based on the results of respective placebo-
controlled, randomized studies [26, 27]. The 
side effect profile of dupilumab primarily 
includes the risk of conjunctivitis and irri-
tation at the injection site. Clinical studies 
report a variable incidence of conjunctivitis 
ranging from 8.6 to 22.1%. This incidence is 
slightly lower compared to data from clini-
cal registries in Germany, France, Italy, and 
the Netherlands, where conjunctivitis preva-
lence ranges from 13.3 to 38.2%, depending 
on the time of data collection [28, 29, 30, 
31, 32, 33, 34]. Increasing evidence suggests 
that dupilumab is only partially effective in 
head-neck dermatitis and that dupilumab-
associated facial erythema can also occur, 
sometimes persisting for longer periods of 
time. The SCRATCH registry, documenting a 
Danish national cohort of 347 adult atopic 
dermatitis patients treated with dupilumab, 
shows a high drug survival rate (90% after 
52 weeks, 86% after 104 weeks) [35]. How-
ever, the proportion of patients with atopic 
dermatitis in the head and neck region re-
mained almost unchanged from initially 76 
to 68% at week 104. A beneficial side effect 
noted in clinical studies is protection against 
severe Herpes simplex virus (HSV) infec-
tions (eczema herpeticum) by dupilumab. 
Recent molecular studies have shown that 
the treatment enhances defense against 
HSVs, providing an additional advantage for 
the subgroup of over 10% of patients with 
recurrent HSV infections [36].

Recently, single-cell RNA sequencing re-
vealed the presence of a type 2 inflamma-
tion pattern in prurigo nodularis [37]. This 
finding underscores the significance of the 
2023 approval extension for dupilumab, 
which followed two randomized, placebo-
controlled phase III trials demonstrating the 
efficacy of dupilumab in treating prurigo 
nodularis [38]. In June 2021, another hu-
man monoclonal antibody, tralokinumab, 
was approved for the treatment of patients citation
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with moderate to severe atopic dermatitis. 
It is directed against the type 2 cytokine IL-
13 and blocks the binding of IL-13 to both 
the IL-4/IL-13 receptor (IL-13Rα1) and the 
so-called decoy receptor (IL13Rα2). In the 
phase III ECZTRA1 and ECZTRA2 studies with 
601 and 591 participants, 25.0% and 33.2% 
of patients achieved an EASI-75 response af-
ter 16 weeks without additional topical anti-
inflammatory therapy [39]. The initial dose 
was 600 mg subcutaneously, followed by a 
maintenance dose of 300 mg every 2 weeks. 
In the clinical studies, patients who achieved 
an EASI-75 improvement or complete or al-
most complete remission of atopic dermati-
tis were re-randomized after 16 weeks.

These patients either continued to re-
ceive tralokinumab every 2 weeks, were 
switched to a 4-week administration, or re-
ceived a placebo. After a total of 36 weeks, 
59.6 and 55.8% of patients continuing bi-
weekly treatment achieved the EASI-75 
endpoint, compared to 49.1 and 51.4% of 
patients who were switched to 4-weekly 
dosing. These data on the potential exten-
sion of the dosing interval were included in 
the marketing authorization, allowing a dose 
reduction in patients with a good to very 
good treatment response after 16 weeks. 
Following a phase III study, the authoriza-
tion was extended to adolescents aged 12 
and over [40]. Based on the study data (n 
= 2,855), the frequency of conjunctivitis 
could be slightly lower than with dupilumab 
at 7.5%, although unfortunately no directly 
comparable study is available. The benefit of 
switching from dupilumab to tralokinumab 
due to ocular side effects has so far only 
been described in case series, indicating a 
need for larger sample sizes to make a valid 
conclusion [41].

In 2023, lebrikizumab, a monoclonal an-
tibody also targeting IL-13, received approv-
al. Unlike tralokinumab, lebrikizumab does 
not inhibit the binding of IL-13 to both IL-13 
receptors (IL-13Rα1 IL13Rα2), but only the 
binding to IL-13Rα1. In the phase III studies 
ADvocate1 and ADvocate2, a total of 564 
and 427 patients, respectively, were exam-
ined over a period of 52 weeks, including 
a 16-week induction phase and a 36-week 
maintenance phase [42]. The initial dose of 
500 mg at the beginning was followed by 
250 mg every 2 weeks or the placebo dose. 
In the lebrikizumab group, 43.1 and 33.2%, 
respectively, of patients achieved the pri-

mary goal of an Investigator‘s Global Assess-
ment (IGA) score of 0 or 1 with a reduction 
of at least 2 points from baseline (12.7 and 
10.8% in the placebo group), and 58.8 and 
52.1% achieved an EASI-75 response (16.2 
and 18.1% in the placebo group). In the 
maintenance phase, the responders (EASI-
75 response or IGA 0/1) were again random-
ized into 3 groups and received lebrikizumab 
or placebo every 2 weeks or every 4 weeks. 
Similar results were seen for the 2-week and 
4-week doses [43]. This led to an approval, 
which is summarized as follows in the in-
formation for healthcare professionals: “In 
patients without a clinical response after 
16 weeks, treatment should be discontin-
ued, whereas those with a partial response 
may experience a potential improvement 
up to week 24 with continued two-week 
treatment; once a response is achieved, a 
monthly maintenance dose of 250 mg leb-
rikizumab is recommended”.

To document the indication for systemic 
therapy of atopic dermatitis with biologics 
or other substances such as JAK inhibitors or 
cyclosporine, age-adapted checklists were 
included in the current AWMF S3 guideline 
on atopic dermatitis. These checklists con-
tain objective, subjective, and therapy-asso-
ciated criteria [44, 45]. Once the indication 
for treatment with a biologic has been es-
tablished, further consideration is required 
as to which biologic should be selected. 
Biologics have demonstrated a good safety 
profile in both children and the elderly [46]. 
Recently, a review article summarized vari-
ous factors that can influence the decision 
when choosing a systemic therapeutic [47]. 
In addition to the patient‘s age, existing co-
morbidity and other approved indications 
(asthma, chronic rhinosinusitis with nasal 
polyps (CRSwNP)), side effect profiles, dis-
ease manifestations (including the presence 
of head-neck dermatitis), patient wishes, 
injection intervals, and personal experience 
can also play a role. Unfortunately, molecu-
lar markers that would enable the personal-
ized selection of a biologic are not yet avail-
able [48].
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Biologics for the treatment of 
chronic rhinosinusitis with 
nasal polyps

Since 2019, biologics have been ap-
proved as add-on therapy to intranasal ste-
roids for the treatment of severe CRSwNP 
in Germany. Three biologics with different 
target molecules are currently approved 
(marketing authorization): dupilumab – tar-
get molecule: IL-4Rα; omalizumab – target 
molecule: IgE; mepolizumab – target mol-
ecule: IL-5. The clinical use of these drugs 
has led to significant improvements in the 
treatment of patients with severe CRSwNP, 
particularly those with recurrent polyps fol-
lowing one or more previous sinus surgeries. 
This new treatment option has led to signifi-
cant changes in clinical paradigms – in par-
ticular a reduction in recurrent surgery and 
at least the hope that the use of oral glu-
cocorticosteroids, which is associated with 
side effects, can also be reduced as a result.

The texts of the marketing authorization 
and the indication criteria are very similar 
for all three biologics (dupilumab, omali-
zumab, and mepolizumab), and all three 
agents led to statistically significant and 
clinically relevant improvements in quality 
of life, nasal obstruction, and a reduction in 
polyp size in phase III studies. To date, there 
are no data that would allow the selection 
of the optimal biologic for the individual pa-
tient on the basis of clinical parameters or 
laboratory values. However, a number of 
meta-analytical indirect comparative stud-
ies on the effect of the various biologics in 
severe chronic rhinosinusitis have now been 
published. These studies all point in the 
same direction. Not only do they prove the 
overall efficacy of the biologics in this indica-
tion, but they also indicate a greater efficacy 
of dupilumab compared to mepolizumab 
and omalizumab.

In a publication from 2023, which is char-
acterized by very strict criteria with regard 
to the selection and quality of the original 
studies included [49], the most important 
clinical results of a total of 2,021 patients 
with CRSwNP who had participated in 10 
randomized clinical trials  with a treatment 
duration of at least 12 weeks with the bio-
logics benralizumab, dupilumab, mepoli-
zumab, and omalizumab were analyzed. 
Subgroup analyses were performed for all 

clinical parameters. These showed the stron-
gest effects for dupilumab compared to me-
polizumab, omalizumab, and benralizumab 
for the reduction in nasal polyp scores, CT 
scores, nasal flow values (PNIF), olfactory 
test results and also for disease-specific 
quality of life (SNOT-22), symptom scores for 
olfaction and nasal obstruction. This analysis 
underpins the overall dominant efficacy of 
dupilumab in CRSwNP, with the differences 
in the subgroups only just exceeding the 
threshold of statistical significance.

However, the authors point out of course 
that they only conducted indirect efficacy 
comparisons, that the inclusion criteria in 
the studies were heterogeneous, and that 
only direct head-to-head studies can further 
improve the evidence. Interestingly, such a 
head-to-head study for the comparison be-
tween dupilumab and omalizumab has al-
ready been started (www.ClinicalTrials.gov).

Recommendations and guidelines on the 
indication and progression assessment of 
biologics in CRSwNP have been updated in 
recent years and adapted to the latest find-
ings from a large number of new studies. Of 
particular relevance in this context are the 
recommendations of the EUFOREA/EPOS 
group, the update of the chapter on biologic 
therapy of the German S2k guideline on rhi-
nosinusitis [50], and the recommendations 
of the Ärzteverband Deutscher Allergologen 
e.V. (AeDA) and the German Society of Oto-
Rhino-Laryngology, Head and Neck Surgery 
(DGHNO-KHC) [51], which focus on the Ger-
man healthcare system.

The German guideline provides clini-
cally helpful specifications for the indication 
of biologic therapy and its documentation. 
In the latest version of the EPOS/EUFOREA 
recommendations [52], criteria for the in-
dication of biologic therapy were adjusted 
in detail compared to the previous version. 
Furthermore, it is recommended here that 
at least 3 out of 5 listed criteria should be 
fulfilled in order to justify the prescription of 
biologics. In order to recognize an underly-
ing type 2 inflammation (one of the criteria), 
the threshold value for blood eosinophilia 
was reduced from 250 to 150 Eos/µL which 
is in line with the pneumological literature. 
In addition, the need for patient participa-
tion was explicitly included in the text. Their 
preference for either a surgical or drug ther-
apy concept should be taken into account in 
the decision.citation
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Probably even more important clinically 
were the changes to the criteria for assess-
ing the success of biologic therapy, which 
are to be carried out after 6 and 12 months 
and which have also been adapted for the 
German healthcare system [53, 54]. Further-
more, results reported by both physicians 
and patients are taken into account for the 
assessment – including nasal endoscopy and 
the assessment of disease-specific quality of 
life. The response is assessed in three cat-
egories (poor – good – excellent) in order to 
decide whether to continue, modify, or dis-
continue biologic therapy.

In the meantime, a large number of re-
al-life studies on biologics in CRSwNP have 
been published, which overall confirm the 
excellent efficacy of this therapy. The largest 
and methodologically best of the studies to 
date was published last year by de Corso et 
al. [55]. In this multicenter phase IV observa-
tional study, the efficacy and safety of dupi-
lumab was investigated in 648 patients with 
severe uncontrolled CRSwNP in the first year 
of treatment. The evaluation showed statis-
tically significant improvements for all pa-
rameters examined and a very high response 
rate of the therapy. Only 3.2% of patients 
(20/648) responded poorly or not at all to 
treatment. Similar to previous real-life stud-
ies, the observed extent of improvement 
with dupilumab therapy was rather higher 
than in the marketing authorization stud-
ies. The median nasal polyp score improved 
from 6 at baseline to 1 after 12 months. The 
quality of life measured with the SNOT-22 in-
creased from 58 (median) at baseline to 11 
(median) after 12 months. For the other two 
approved biologics, only limited data from 
real-life studies are available to date.

These overall very positive data and ex-
periences with biologic therapy for CRSwNP 
have led to two interlinked lines of discus-
sion. The good results of biologic therapy 
in CRSwNP indicate that not only disease 
control, but also remission in many cases 
could be a realistic goal. EPOS/EUFOREA has 
therefore recently published proposals for 
the definition of disease control and remis-
sion in CRSwNP [56]. Here, “control” is de-
fined as the absence of symptoms in the last 
month (even during ongoing therapy). For 
“remission”, not only symptoms but also en-
doscopic evidence of active disease should 
be absent in the last year. For patients who 
achieve these goals during biologic therapy, 

the obvious question for them is whether 
treatment should be de-escalated. This 
could be achieved by extending the dosing 
intervals. Van der Lans et al. [57] showed in 
a long-term study of high methodological 
quality that it is possible to gradually extend 
the dosing intervals of dupilumab in the ma-
jority of patients without any loss of efficacy.

However, implementation in everyday 
clinical practice appears premature, as this 
procedure should be reviewed and con-
firmed in independent cohorts. It is also im-
portant to note that in the current situation, 
dosing interval extensions are an off-label 
treatment with potential legal and finan-
cial consequences. Despite many attempts, 
it has not yet been possible to identify bio-
markers that could optimize the selection of 
patients for biologic therapy in CRSwNP in 
general or even for the selection of specific 
treatment antibodies for the individual pa-
tient. However, this shortcoming should be 
set against the fact that the response rates 
are very high, taking into account the cur-
rently recommended clinical parameters.

In the future, it will be interesting to see 
whether other biologics currently being in-
vestigated in clinical trials will overcome 
the hurdle of marketing authorization and 
whether the good clinical success of biologic 
therapy will possibly lead to an expansion of 
its indications in chronic rhinosinusitis.

Biologic therapy for food 
allergy

For the treatment of IgE-mediated food 
allergy as a potentially life-threatening dis-
ease, no biologic has yet been approved in 
Europe [58]. With regard to the mechanism 
of action of omalizumab, a positive effect 
can be hypothesized due to the pathogene-
sis of food allergy, which is confirmed by nu-
merous case series and individual controlled 
prospective studies with a limited number 
of cases, mostly in children, whereby omali-
zumab is effective as monotherapy or in 
combination with oral immunotherapy (OIT) 
[59]. Omalizumab administered as mono-
therapy over several months can increase 
the tolerance threshold of the symptom-
triggering food: for peanut (for which there citation
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are the most case series [60, 61]), for cow’s 
milk, and hen’s egg [1, 62, 63].

A study in children with simultaneous 
allergy to multiple foods on the efficacy of 
anti-IgE treatment showed that the group 
treated with omalizumab was significantly 
more likely to reach > 2 g protein of the cul-
prit allergen source in food challenge in at 
least more than two of the food allergies 
compared to placebo [1, 64].

Also a very recent placebo-controlled 
prospective multicenter study on 177 chil-
dren and adolescents with allergy to peanut 
and at least two other foods showed supe-
riority of omalizumab monotherapy over 
placebo in terms of increasing the tolerance 
threshold to peanut and other food allergen 
sources (egg, cashew, wheat, milk, walnut, 
and hazelnut) [65].

In addition to monotherapy, anti-IgE is 
used as an adjuvant therapy for OIT in food 
allergy in order to reduce the rate of side ef-
fects or to enable a faster up-dosing of the 
food. Here, too, the study results show the 
efficacy of omalizumab for peanut-allergic 
children [1, 66] as well as multi-food-allergic 
patients compared to placebo-treated pa-
tients [1, 67]. The data available to date with 
very good tolerability are promising, but 
open questions such as the optimal dose as 
well as the treatment regimen still need to 
be clarified [1]. While omalizumab is now 
approved for the indication of food allergy in 
the USA, this is not the case for Europe/Ger-
many [68]. There is no cure and no immune 
modulation towards tolerance, so some pa-
tients require lifelong treatment [68].

The next-generation anti-IgE, ligelizumab 
has shown very good results in this indica-
tion. Due to its biological properties, it will 
be an interesting new molecule for the 
treatment of food allergy in the future [1]. 
Unfortunately, the development program 
for ligelizumab in food allergy has currently 
been stopped.

Dupilumab also has potential for clinical 
use in the treatment of food allergy due to 
its ability to downregulate the IgE response 
during treatment [1, 69]. Initial studies have 
been started as monotherapy or in combina-
tion with OIT.

In summary, there is still no approved 
biologic for the treatment of IgE-mediated 
food allergy in Germany. Although omali-
zumab has shown efficacy in clinical trials 
and is currently approved in the USA on 

the basis of a fast-track procedure for the 
treatment of food allergy, its use in every-
day practice in Germany is still limited to off-
label use.

Eosinophilic esophagitis

Another T2-dependent disease is eosino-
philic esophagitis (EoE), which, in addition to 
dysphagia and reflux, can lead to long-term 
strictures of the esophagus with irrevers-
ible damage [70]. Various biologics have so 
far been investigated in clinical trials for the 
treatment of EoE. In addition to dupilumab 
and cendakimab (anti-IL-13), these include 
well-known biologics such as mepolizumab, 
which targets IL-5, and benralizumab. Other 
newer approaches are lirentelimab (anti-Si-
glec-8) and CALY-002 (anti-IL-15) [71].

In Germany, only dupilumab has so far 
been approved for the treatment of EoE in 
2023. However, as dupilumab has not been 
certified by the Joint Federal Committee as 
having any additional benefit in EoE, the use 
of dupilumab in this indication should be de-
termined very carefully and after standard 
therapy has been carried out.

Biologics for the treatment of 
urticaria

Omalizumab is at present the only bio-
logic approved for the treatment of urticar-
ia, with several others currently undergoing 
clinical trials.

Urticaria is defined as a disease in which 
wheals, angioedema or both occur sudden-
ly. Chronic urticaria is defined by a disease 
course of more than 6 weeks. A distinction 
is made between chronic spontaneous ur-
ticaria (CSU) and chronic inducible urticaria 
(CINDU). The latter has numerous subtypes, 
some of which are triggered by physical 
stimuli, such as cold urticaria, and some of 
which are triggered by other exogenous fac-
tors, such as cholinergic urticaria [1]. Treat-
ment is carried out according to the current 
international guideline for all chronic forms 
of urticaria using the same algorithm [1, 72].

Accordingly, treatment with a non-sedat-
ing antihistamine is planned in the first stage citation
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at a single dose, and in the second stage up 
to 4 times the dose if there is no response. 
In the event of further non-response, omali-
zumab is also recommended in the third 
stage and – if the treatment is unsuccessful 
– cyclosporin A in the fourth stage [1]. The 
Urticaria Acitivity Score (UAS) was gener-
ated to document the clinical response to 
treatment and was validated for CSU. The 
UAS records the severity of itching and the 
number of wheals on a scale of 0 – 3, with 
a daily maximum value of 6 [1]. The UAS7 
is recorded for 7 days to capture fluctuating 
urticaria, with a maximum score of 42 [1].

Although the treatment goal according 
to the guideline is freedom from symptoms, 
a weekly UAS7 score of less than or equal 
to 6 is currently considered a sufficient re-
sponse. The administration of omalizumab 
is intended as a third step as an additional 
therapy to high-dose antihistamines [1]. 
Omalizumab is a humanized monoclonal 
antibody directed against IgE with a good 
safety profile. Its efficacy in CSU has been 
demonstrated in numerous and compre-
hensive studies and is 52 – 90% in antihis-
tamine-refractory patients [1, 73, 74, 75, 
76], with an adverse event rate comparable 
to placebo. Nasopharyngitis, sinusitis, colds 
without probable relation to the medication 
[1, 75, 76, 77, 78] were the most frequently 
reported side effects. In contrast to urticaria 
patients, anaphylactic reactions were re-
ported in asthma patients [1].

The drug is now approved as a subcutane-
ous pre-filled syringe and as a pen for home 
treatment. A major advantage of the safety 
profile of omalizumab is that it does not re-
quire any preliminary examinations, such as 
the exclusion of tuberculosis as in the case 
of TNF-α antagonists. This allows the drug to 
be used flexibly and safely [1]. The approval 
stipulates a fixed dose of 300 mg SC, which 
corresponds to 2 injections of 150 mg, to 
be administered every 4 weeks [1]. Recent 
real-life investigation results show that, un-
der certain circumstances, it may be useful 
to either shorten the interval or increase the 
dose if there is no treatment response [1, 
79, 80]. Patients who are overweight may in 
particular benefit from an upward dose ad-
justment [1]. To date, no anti-drug antibod-
ies with effect-limiting properties have been 
described under omalizumab therapy, which 
also allows those patients who respond very 
well to treatment to discontinue the medi-

cation after a period of 3 – 6 months on a 
trial basis without the risk of achieving lower 
efficacy when restarting [1].

Although it is not yet noted in the algo-
rithm in the current guidelines, there are 
now well-established scientific results that 
patients without a response to omalizum-
ab 300 mg at 4-week intervals can benefit 
from a dose increase to 450 mg initially and 
possibly also to 600 mg [1]. A basic distinc-
tion is made between a rapid and a slow re-
sponse in different patients: In some cases, 
the response is almost complete as early as 
24 hours after the first dose. Other patients 
show only a slow improvement in UAS7 over 
the first 3 months of omalizumab therapy 
[1]. Unfortunately, there is no reliable bio-
marker as yet which allows for the evalua-
tion of the intensity of treatment response 
in the individual patient. So far, it is generally 
true that patients with very low total serum 
IgE respond less well or not at all. However, 
even for those patients a time-limited treat-
ment is sensible. For those patients who do 
not respond to omalizumab, the algorithm 
of the international guideline provides for 
the administration of cyclosporin A [1, 72]. 
In practice, however, cyclosporin A can also 
be combined with omalizumab [1].

Omalizumab has revolutionized the 
treatment of CSU, but it is also effective in 
CINDU [1, 77, 81]. Study results – or at least 
case series – are now available for most of 
the inducible forms of urticaria [1].

Due to the efficacy of omalizumab, the 
importance of IgE antibodies potentially di-
rected against endogenous structures has 
further increased. Not only is total serum 
IgE elevated on average in urticaria patients, 
but anti-dsDNA, anti-thyroglobulin, and an-
ti-thyroid peroxidase IgE are also found in a 
number of patients [1, 82, 83]. Against this 
background, further biologics have been de-
veloped that are currently in various phases 
of clinical testing. A detailed summary of the 
drugs currently undergoing clinical trials can 
be found in a current overview [84].

The various active substances pursue 
different pathophysiological approaches. In 
further studies, it is important to identify 
biomarkers that identify the subgroups of 
patients that will respond best to individual 
therapies.

The active substances for which approval 
is expected in the near future are present-
ed here. The phase III trials for dupilumab citation
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and remibrutinib are at the most advanced 
stage. The development of ligelizumab, a 
humanized IgG1 antibody directed against 
the Cε3 domain of IgE, has been stopped for 
the indication urticaria. Compared to omali-
zumab, it shows a significantly higher inhibi-
tion of IgE binding to the high-affinity IgE re-
ceptor, but a lower inhibition of IgE binding 
to the low-affinity receptor CD23 [1, 85]. In 
phase III, it did not show a significantly bet-
ter effect than omalizumab.

Dupilumab has already been discussed 
several times in this publication and is sig-
nificant in various diseases from the T2 in-
flammation group. It has already been ap-
proved for various indications. Currently, a 
phase IIIA study has been successfully com-
pleted in comparison with antihistamines in 
patients aged 6 years and older who were 
refractory to antihistamines alone. A phase 
IIIB study in patients of the age of 12 and 
older who could not be adequately treated 
with omalizumab under guideline-based 
therapy was discontinued after an interim 
analysis.

Several studies for the use of dupilum-
ab in CSU were positive. The LIBERTY-CSU 
 CUPID study (NCT04180488), a 24-week, 
randomized, placebo-controlled multicenter 
phase III study, investigated antihistamine-
resistant CSU patients who had either not 
been treated with omalizumab (CUPID study 
A) or who had not tolerated omalizumab or 
had tolerated it only incompletely (CUPID 
study B) [86]. In CUPID A, dupilumab sig-
nificantly improved CSU symptoms (UAS7, 
itch severity score (ISS)7 and hive severity 
score (HSS)7) at week 24 compared to the 
placebo group. However, in CUPID B, dupi-
lumab did not reach statistical significance 
for the primary endpoints in a predefined 
interim analysis in patients who were refrac-
tory to omalizumab. Overall, the safety pro-
file of dupilumab was consistent with what 
is already known, with few adverse events 
leading to treatment discontinuation in the 
dupilumab group compared to placebo. 
Limitations of the phase III studies includ-
ed a lack of assessment of durability of re-
sponse beyond week 24 and a selection bias 
due to the inclusion of limited numbers of 
pediatric, adolescent (≥ 6 years), and Black 
or African-American patients.

Since early 2024, dupilumab has been 
approved in Japan for the treatment of CSU 

in patients aged 12 years and older. Approv-
al for Europe is currently expected in 2024.

Further innovations in urticaria therapy 
have been comparatively advanced in the 
area of small molecules: new selective, re-
versible, oral bruton kinase (BTK) inhibitors 
such as fenebrutinib (non-covalent), remi-
brutinib, rilzabrutinib, and tirabrutinib (all 
covalent) are currently being tested in trials 
[87]. Of these, only remibrutinib has so far 
shown a successful study program for CSU 
in phase III [88, 89]. Remibrutinib appears 
to be effective in both antibody-dependent 
and antibody-independent CSU mecha-
nisms, similar to the efficacy of fenebrutinib 
in both autoimmune and non-autoimmune 
CSU types [90].

Biologics for the treatment of 
hereditary angioedema

Hereditary angioedema (HAE) is char-
acterized by attacks of recurrent edema of 
the skin and mucous membranes. Its preva-
lence is ~ 1 : 50,000 [1, 91]. The autosomal 
dominant inherited HAE type 1 and type 2 is 
caused by a genetic defect in chromosome 
11, which leads to a deficiency or malfunc-
tion of the C1 esterase inhibitor (C1-INH). 
Other C1-INH-independent types can be at-
tributed to mutations of factor XII, plasmin-
ogen or angiopoetin-1, kininogen, myofer-
lin, and heparan sulphate glucosamine 
3-o-sulphotransferase 6. In addition, further 
mutations that have not yet been identified 
appear to exist [1, 91]. In addition to C1-
INH, the kallikrein-kinin system and brady-
kinin are pathophysiologically important [1]. 
Apart from C1-INH preparations, drugs that 
act on the bradykinin system are therefore 
also used to treat HAE [1, 91]. Depending on 
the frequency and severity of the attacks, a 
distinction must be made in the treatment 
of HAE patients between acute treatment, 
short-term and long-term prophylaxis [1, 
91].

Several C1 esterase inhibitor prepara-
tions are approved for both acute treat-
ment and long-term prophylaxis of HAE in 
the form of intravenous or subcutaneous 
administration [91]. Icatibant, a selective 
competitive antagonist of the bradykinin re-
ceptor type 2 (B2), can also be administered citation
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subcutaneously for acute treatment. It is a 
synthetic decapeptide with a similar struc-
ture to bradykinin [92].

Beroltralstat is an oral inhibitor of plas-
ma kallikrein that has been approved for 
the long-term prophylaxis of HAE from the 
age of 12 onwards in Germany since 2021. 
Avoralstat, another oral kallikrein inhibitor, 
only induced a reduction in the duration of 
seizures but no significant prevention of HAE 
attacks [93]. Ecallantide also inhibits plasma 
kallikrein and is approved in the USA for the 
treatment of acute HAE attacks in patients 
aged 12 years and older [94].

Lanadelumab is a recombinant, fully hu-
manized monoclonal immunoglobulin G1 
kappa light chain antibody that has been 
available on the German market since 2019 
[95]. It is administered subcutaneously ev-
ery 14 days, although it is possible to extend 
the dose intervals [1]. The effect is achieved 
through the highly potent and specific inhi-
bition of plasma kallikrein and thus to a sus-
tained inhibition of plasma kallikrein activity 
[1, 95]. Since our review was first published 
[1], several studies have been conducted on 
the efficacy and safety of lanadelumab for 
the long-term prophylaxis of HAE attacks in 
patients aged 12 years and older with con-
firmed C1 esterase inhibitor-induced HAE. 
The actively treated groups showed a sig-
nificant reduction in the attack rate and an 
increase in the percentage of patients with-
out attacks compared to the placebo group. 
Treatment with lanadelumab was generally 
safe and well tolerated. The most common 
treatment-related adverse events were local 
reactions at the injection site [1, 95, 96, 97]. 
Good efficacy and tolerability have now also 
been demonstrated in children aged 2 – 11 
years [98].

Garadacimab is a human IgG4 antibody 
for subcutaneous administration that inhib-
its activated factor XIIa and thus also brady-
kinin formation by binding to it. In a 6-month 
phase III study involving 65 patients with 
C1-INH-dependent HAE, a significant reduc-
tion in the number and severity of attacks 
was achieved in the actively treated group 
(n = 39) compared to the placebo (n = 26). 
The dose was 400 mg once, followed by 5 
monthly 200-mg doses. The most common 
adverse effects were respiratory tract infec-
tions, nasopharyngitis, and headache. No 
increased risk of bleeding or thromboem-
bolic events was observed [99]. Marketing 

authorization in Germany is expected at the 
beginning of 2025.

Hypersensitivity reactions to 
biologics

The classification of adverse reactions to 
biologics by Werner Pichler (2006) into five 
categories (alpha to epsilon) is still valid and 
practicable today [1, 100].

The most common adverse reactions to 
biologics are those of the alpha type and 
are attributable to the direct pharmacologi-
cal effect, the immune stimulation through 
cytokine release (“on-target”). They are 
substance- and dose-dependent, occur on 
initial application and decrease in severity 
as treatment continues. They are called “in-
fusion reactions” and include the “cytokine 
release syndrome” [1].

Hypersensitivity reactions, including 
type I to IV allergies, i.e., immune reactions 
to the therapeutic protein, represent type 
beta. They are so-called “off-target” reac-
tions, unpredictable, not dependent on the 
administered dose, and, with the exception 
of anaphylaxis to cetuximab, do not occur 
on initial application [1].

Type gamma includes those side effects 
in which immune deviation occurs as a re-
sult of the biologic. These include the devel-
opment of opportunistic infections (e.g., ac-
tivation of tuberculosis by TNF-α blockers), 
the development of a neoplasia, the de novo 
induction of autoimmune diseases such as 
systemic lupus erythematosus, the exacer-
bation of psoriasis or the development of 
(atopic dermatitis-like) eczema under bio-
logic therapy of psoriasis [101] or bullous 
pemphigoid [102]. Dupilumab therapy of 
patients with atopic dermatitis, for example, 
can lead to psoriasis or psoriasiform eczema 
[103].

Paradoxical reactions have been de-
scribed after biologic therapy of dermato-
logical diseases. They are defined as the 
development of a new or the exacerbation 
of a pre-existing immune-mediated disease 
after the start of biologic therapy. This may 
include exacerbation of the treated disease 
[104]. Such paradoxical reactions often 
manifests on the skin (psoriasis, psoriasi-
form eczema, eczematous reactions, alope-citation
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cia areata, sarcoidosis-like or granulomatous 
skin changes, rosacea, lupus-like reactions). 
They are therefore most likely to be classi-
fied as type gamma. They mainly occur after 
treatment with biologics that address cyto-
kine signaling pathways, i.e., inhibitors of 
TNF-α and cytokines such as IL-12/23 (p40), 
IL-17A (and IL-17R), IL-23 (p19), and IL-4Rα.

The delta type describes reactions that 
are triggered by structural similarity of bind-
ing or antigen molecules, such as acneiform 
exanthema under cetuximab therapy.

Type epsilon stands for the non-immu-
nological side effects. Dry eyes and conjunc-
tivitis, which can be caused by dupilumab 
therapy for atopic eczema, are representa-
tives of this category [105].

Reactions of type alpha and beta can be 
life-threatening and are accompanied by 
symptoms that are similar to those of ana-
phylaxis by definition. To date, the non-IgE-
mediated reaction and the cytokine storm 
following biologic therapy are not fully un-
derstood pathophysiologically/mechanisti-
cally, which makes classification difficult [1, 
106]. Due to the fact that they can be life-
threatening, the triggering biologics are usu-
ally discontinued without further diagnosis 
if symptoms develop, a decision that can, 
however, pose a problem for patients with 
regard to the underlying disease [1]. Switch-
ing to another biologic with a similar indica-
tion and efficacy profile is not always immu-
nologically unproblematic and, therefore, 
may not be safe.

We therefore need in vitro test methods 
to detect the presence and effect of neutral-
izing anti-drug antibodies (ADA) including 
IgE antibodies and, if necessary, to identify 
cross-sensitivities, thereby ensuring bet-
ter therapy management. For example, the 
treatment of cytokine release syndrome is 
different from that of anaphylaxis. In the 
case of anaphylaxis, premedication with 
antihistamines and glucocorticoids will not 
help, and the risk of subsequent anaphylaxis 
at the next application is high [1, 106].

A comprehensive literature research a 
few years ago revealed that the classification 
of hypersensitivity reactions to biologics is 
not harmonized throughout the various da-
tabases, partly pharmacovigilance surveys, 
which makes it difficult to determine the 
prevalence of “true” allergic and anaphylac-
tic reactions to biologics [1, 107, 108]. In ad-
dition, the symptomatology of anaphylaxis 

to different biologics can vary [1, 106]. Only 
the careful characterization of patients with 
such reactions and the documentation in 
registries will be able to provide a solution 
to this problem [1].

One of the best-known examples of the 
allergenicity of biologics is cetuximab, on 
which a new epitope, galactose-α 1,3-galac-
tose (α-Gal), a disaccharide, was first identi-
fied and also identified as the cause of de-
layed anaphylaxis to mammalian meat and 
meat-products after anaphylaxis occurred 
following initial application of this oncologi-
cal biologic therapy [1, 109]. Cetuximab is 
one of several chimeric therapeutic antibod-
ies currently in use (consisting of both a mu-
rine and human part, of which the murine 
part holds the α-Gal epitope in the case of 
cetuximab) [1]. Other chimeras are ritux-
imab and infliximab. A higher degree of hu-
manization of the biologics was, therefore, 
aimed at in order to reduce their immunoge-
nicity/allergenicity. Only for infliximab has a 
further association with anti-α-Gal-IgE been 
described to date [1, 110]. Anti-α-Gal IgE can 
now be routinely determined in patients’ se-
rum using the ImmunoCAP method (Phad-
ia AB, Thermo Fisher Scientific, Uppsala, 
Schweden) with bovine thyroglobulin as al-
lergen, but experimental multiplex methods 
based on different α-Gal-carrying proteins 
have been developed since then [111].

Tick bites are presently considered the 
most important route of sensitization [112]. 
For patients living in endemic areas with a 
high prevalence of α-Gal sensitization, it 
makes sense to determine the IgE antibod-
ies against α-Gal before administering ce-
tuximab [1, 109, 113]. Other international 
research groups have also experimentally 
demonstrated IgE against various biologics 
[106] and shown their clinical relevance: pa-
tients with IgE against an administered bio-
logic in serum and/or in the skin test reacted 
more rapidly (3rd dose) and more strongly 
when re-exposed to this biologic [1, 114, 
115]. To date, no routine procedure is avail-
able for the determination of anti-drug IgE 
to all biologics [1].

The degree of humanization of biolog-
ics reduces their immunogenicity. However, 
even the use of fully human sequences can 
trigger immune responses [100, 116]. IgG-
type ADAs can neutralize treatment efficacy. 
IgG diagnostic tests have been available for 
this indication for some time.citation
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Table 1. Frequency of hypersensitivity reaction to biologics.

Biologic Target Author Year HSR
%

IR
%

ISR
%

Urticaria
%

Anaphylaxis
%

Adalimumab TNF-α Puxeddu et al. [243] 2012 3.5 – 1.5 1.5 0
Tarkiainen et al. [244] 2015 18.1 17.0 – –
EMA [245] 2023 1.0 – 10.0 12.9 1.0 – 10.0 0.01 – 0.1
FDA [246] 2023 6.0 5.0 – 20.0 6.0 –

Benralizumab IL-5R Castro et al. [247] 2014 – 16.0 – –
Park et al. [248] 2019 – 0 0 – 2.0 –
Liu et al. [249] 2019 – 2.6–17.5 – –
FDA [250] 2019 3.0 2.2 3.0 3.0
Bourdin et al. [251] 2019 0 – 3.2 3.2 – 6.5 – –
EMA [252] 2023 up to 10.0 2.2 up to 10.0 –
Yamaguchi et al. [253] 2024 0.3 – – 0.3

Brodalumab IL-17RA FDA [254] 2017 – 1.5 1.0 –
Iznardo et al. [255] 2020 < 1.0 1.8 – –
Kim et al. [256] 2023 – 1.3 – –
EMA [257] 2023 – 1.0 – 10.0 – 0.01 – 0.1

Certolizumab TNFα FDA [258] 2022 – 1.7 – 3.2 – –
EMA [259] 2023 – 1.0 – 10.0 – 0.01 – 0.1
Kim et al. [256] 2023 – 3.9 – –

Dupilumab IL-4Rα Ou et al. [260] 2018 – 13.2 – –
Halling et al [261] 2021 – 5.3 – –
EMA [262] 2023 – 1.0 – 10.0 – 0.01 – 0.1
Kim et al. [256] 2023 – 11.3 – –
FDA [263] 2024 < 1.0 6.0 – 38.0 < 1.0 < 1.0
Simpson et al. [264] 2024 – 3.0 – –
Yew et al. [265] 2024 – 2.0 5.9 –

Etanercept TNF-α-RII Puxeddu et. al. [243] 2012 5.3 – 1.6 2.0 0.8
Tarkiainen et al. [244] 2015 11.3 7.5 – –
Girolomoni et al. [266] 2018 – 10 – 49.0 – –
Codreanu et al. [267] 2019 – 0.8 – 0.8
FDA [268] 2023 < 1.0 15 – 43.0 < 2.0 < 2.0
EMA [269] 2024 – 13.6 – 36.0 0.1 – 1.0 0.01 – 0.1

Etokimab IL-33 Chen et al. [270] 2019 – – 25.0 16.7 –
Chinthrajah et al. [271] 2019 – – 26.7 6.7 0
NCT03614923 - Eclipse [272] 2022 – – 2.8 – 5.7 – –

Fezakinumab IL-22 – – – – – – –
Garadacimab FXIIa Craigh et al. [273] 2023 0 – 5.0 – 0
Guselkumab IL-23 Langley et al [274] 2018 0 1.1 0

FDA [275] 2020 – 4.5 < 1.0 –
European Comission [276] 2020 0.1 – 1.0 1.0 – 10.0 0.1 – 1.0 0.1 – 1.0
Coates et al. [277] 2021 – 1.8 0.4 0
McInnes et al. [278] 2022 – 2.5 – 2.7 - 0
Danese et al. [279] 2024 0 4.0 - 0

Infliximab TNF-α Maggi et al. [280] 2011 – 1.0 – 27.0 – – –
Puxeddu et al. [243] 2012 13.8 – 0 4.4 9.3
Tarkiainen et al. [244] 2015 34.1 – 1.9 – 1.9
Lichtenstein et al. [281] 2015 – 5.0 – 23.0 – 4.0 –
Panés et al. [282] 2019 – 13.0 – – –
FDA [283] 2023 – < 20.0 – < 1.0 < 1.0
EMA [284] 2024 – > 10.0 1.0 – 10.0 1.0 – 10.0 0.1 – 1.0

Ixekizumab IL-17A FDA [285] 2022 ≤ 0.1 17.0 ≤ 0.1 ≤ 0.1
EMA [286] 2023 – > 10.0 0.1 – 1.0 0.01 – 0.1
Kim et al. [256] 2023 – 11.2 – –
Mastorino et al. [287] 2023 – 3.1 – –
Ying et al. [288] 2023 0.3 3.0 – 9.7 3.3 –
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Biologic Target Author Year HSR
%

IR
%

ISR
%

Urticaria
%

Anaphylaxis
%

Lanadelumab Plasma 
kallikrein

FDA [289] 2018 1.0 45.0 – 57.0 – –
Craig et al [290] 2021 – 5.1 – 62.5 – –
Hide et al. [291] 2023 – 50.0 – –
EMA [292] 2024 1.2 52.4 – –

Lebrikizumab IL-13 Hanania et al. [293] 2015 0 – 0.9 11.1 – 20.5 – 0 – 0.9
Hanania et al. [294] 2016 – 6.0 – 10.0 – < 1.0
Simpson et al. [295] 2018 – 1.3 – 0
Korenblat et al. [296] 2018 – 2.9 – 1.0
Austin [297] 2020 0 7.0 – 0
EMA [298] 2023 – 2.6 – –
Paller et al. [299] 2023 – 2.4 2.9 0
Stein Gold et al. [300] 2023 0 2.6 – 0

Ligelizumab Cε3 
domain of 

IgE

Gauvreau et al. [301] 2016 – 12.5 – 25.0 0 0
Maurer et al. [302] 2019 – 4.0 – 7.0 – 0
Wood et al. [239] 2022 – – 17.0 0.4
Maurer et al. [303] 2024 6.0 – 11.0 4.0 – 11.0 – < 1.0

Mepolizumab IL-5 Pavord et al. [304] 2012 ≤ 1.0 5.0–12.0 – – 0
Lugogo et al. [305] 2016 < 1.0 <1.0 3.0 – 0
Leung et al. [306] 2017 0 – 1.0 5.0 – 12.0 3.0 – 9.0 4.0 – 16.0 0.002
Khatri et al. [307] 2019 2.0 – 12.0 – 0
Chapman et al. [308] 2019 < 1.0 – 3.0 < 1.0 0
EMA [309] 2022 1.9 – 3.0 – 6.0 – 7.0 – 0
FDA [310] 2023 1.0 – 4.0 2.0 – 15.0 – –
Ishii et al. [311] 2023 < 1.0 – – < 1.0

Nemolizumab IL-31Rα Nemoto et al. [312] 2016 – – – 0
Kabashima et al. [313] 2018 – 2.0 2.0 – 6.0 –
Silverberg et al. [314] 2020 – 1.8 – 3.5 – –
Ständer et al. [315] 2020 – 3.0 – –
Kabashima et al. [185] 2022 – < 1.0 – –
Igarashi et al. [316] 2023 – 2.2 – –

Omalizumab IgE Cox et al. [317] 2007 < 0.2 – – 0.09
Di Bona et al.[318] 2017 – 3.4 1.0 0
FDA [319]a 2023 – 12.0 – 45.0 0.2 0.1
FDA [319]b 2023 – 0.6 – 2.7 – –
EMA [320] 2023 – 2.7 0.1–1.0 0.2
Kim et al. [256] 2023 – 4.5 – –

Reslizumab IL-5 Castro et al. [321] 2015 – – 1.0 – 2.0 – < 1.0
Murphy et al. [322] 2017 < 1.0 < 1.0 < 1.0 < 1.0 0
FDA [323] 2019 – – – – 0.3
Virschow et al. [324] 2020 – – – – < 1.0
Bernstein et al. [325] 2020 0 – 6.0 – 11.0 – –
EMA [326] 2023 0.19 0.19 – – 0.19

Rituximab CD20 Terrier et al. [327] 2010 – 9.0 – – 1.4
Maggi et al. [280] 2011 – 10 – 77.0 – – –
FDA (s.c.) [328] 2021 – – 13–26.0 – –
FDA (i.v.) [329] 2021 – ≥ 25.0 – 2.0 – 8.0 < 2.0
BCCA [330] 2024 1.0 – 10.0 14 – 77.0 20.0 7.0 –
EMA [331] 2024 1.0 – 10.0 > 10.0 < 20.0 1.0 – 10.0 0.01 – 0.1
Riveiro-Barciela et al. [332] 2024 – 9.0 – – 2.8

Table 1. Continuation.
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Biologic Target Author Year HSR
%

IR
%

ISR
%

Urticaria
%

Anaphylaxis
%

Secukinumab IL-17A Blauvelt [333] 2016 – 0.7 – –
Deodhar et al. [334] 2019 2.4 0.8–1.3 – –
Grace et al. [335] 2020 – 25.0 – –
Asawanonda et al. [336] 2022 – 0.6 – –
Li et al. [337] 2022 – 2.3 – –
FDA [338] 2023 0.01 – 0.1 – 0.6 – 1.2 –
EMA [339] 2023 – – 0.1 – 1.0 0.01 – 0.1
Kim et al. [256] 2023 – 1.9 – –

Tezepelumab Anti-TSLP Menzies-Gow et al.[340] 2021 – 3.6 – 0
Corren et al. [341] 2023 – 4.0 – 0
EMA [342] 2024 – 3.8 – –

Tralokinumab IL-13 Wollenberg et al. [343] 2019 – 5.2 – –
Panettieri et al. [344] 2018 – 4.0–5.4 – 0
Busse et al. [345] 2019 – 15.7 – 0
Carlsson et al. [346] 2019 13.2 – 25.9 – < 1.0 0
Silverberg et al. [347] 2021 6.7
FDA [348] 2023 – 7.4 – 11.1 – –
EMA [349] 2023 – 7.2 – –
Paller et al. [40] 2023 – 2.1 – 9.2 – 0

Upadacitinib JAK 
inhibitor

FDA [350] 2023 2.0 – 3.0 – 2.0 – 3.0 2.0 – 3.0
EMA [351] 2023 0.1 – 1.0 1.0 – 10.0 0.1 – 1.0

Ustekinumab IL-12 / 
IL-23

Ghosh et al. [352] 2019 <1.0 0.1 – < 1.0 0
FDA [353] 2023 0.08 – 1.0 – 5.0 – 0.1
EMA [354] 2023 0.1 – 1.0 1.9 0.1 – 10.0 0.08 0.01 – 0.1
Kim et al. [256] 2023 – – 2.8 0.1 – 1.0 –

aResults of clinical studies with asthma in FDA 2023 label. bResults of pooled chronic idiopathic urticaria trials in FDA 2023 label.
JAK = Janus kinase; TSLP = thymic stromal lymphopoietin; HSR = hypersensitivity reaction; IR = infusion reaction, substance-specific;  
ISR = injection-site reaction.

Anti-infliximab IgG, IgE, and IgM are 
detectable in sera from patients with inflix-
imab anaphylaxis during infusions [1, 114, 
117], the clinical relevance of IgM remaining 
unclear. Anti-infliximab antibody detection 
can be valuable for risk assessment of the 
development of a hypersensitivity reaction 
[1, 115, 116, 118].

Table 1 and Figures 1, 2, 3, and 4 sum-
marize the frequencies and phenotypes of 
hypersensitivity reactions to the biologics 
for the treatment of atopic diseases listed in 
this review article. Serum sickness-like reac-
tions have been described for dupilumab [1, 
119] and rituximab [120].

For the diagnosis of the different pheno-
types of hypersensitivity reactions, a precise 
medical history is crucial. This should include 
the following: Type of the reaction, time of 
occurrence, and progression of the reaction 
during the course of therapy, dependence or 
independence from the administered dose, 

Table 1. Continuation.

Figure 1 The incidence of anaphylaxis (%).
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method of application, duration of therapy 
and therapy breaks, information on possi-
bly living in an α-Gal-sensitization endemic 
area, and mammalian meat allergy [1].

In addition, skin testing (prick and/or in-
tradermal test) with the suspected biologic 
provides information about the presence of 
IgE sensitization in the skin. However, skin 

tests with the drug represent off-label use, 
about which the patient should be informed 
and give written consent. In general, allergy 
diagnostics should be performed within a 
period of 4 – 6 weeks after the event in or-
der to be informative [1, 108]. A few clinical 
research groups are working on the estab-
lishment of assays for IgE against biologics. 
According to own studies, the detection of 
so-called pre-existing IgE antibodies be-
fore the start of treatment with biologics 
is particularly important for the decision in 
favor of safe treatment, but tests to moni-
tor IgE (ADA) development in the course of 
treatment are also important for managing 
the risk of developing anaphylaxis [1, 121, 
122]. Anti-biologic IgE tests are also suit-
able for detecting possible cross-reactions 
via antigen or epitope similarities between 
biologics, which is of decisive importance 
for the choice of an alternative therapeutic 
agent in the event of a hypersensitivity re-
action [108]. There is an increasing number 
of publications on cell-based tests such as 
the basophil activation test with biologicals 
[123, 124], which already appear to be able 
to determine the suitability/safety of the 
potential alternative biologic with sufficient 
certainty.

Apart from side effects mediated by the 
active substance, additives such as polysor-
bate, mannitol, albumin, latex, trometamol, 
and papain [108, 125] should also be includ-
ed in the allergy tests [1].

For the management of biologic hyper-
sensitivity reactions, it is important to realize 
that re-exposure after a pause in therapy led 
to sensitization, at least for infliximab treat-
ment [115]. In order to prevent reactions, it 
is important to identify possible risk factors. 
Atopy status or the presence of drug reac-
tions in the medical history do not appear to 
be clinical risk factors for hypersensitivity re-
actions to biologics. Smoking and infections 
during therapy as well as HLA-DQA1*05, 
however, appear to be associated with the 
formation of ADA. The underlying disease 
may be equally important, especially if it is 
associated with a highly activated B-cell sta-
tus and strong expression of costimulatory 
molecules on dendritic cells in patients with 
immune-mediated diseases [116].

Figure 2. The incidence of hypersensitivity reactions (%).

Figure 3. The incidence of injection-site reactions (%).
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Biologics therapy and 
vaccinations

The use of biologics strongly interferes 
with immune regulation, not always only 
in the sense of the intended indication, so 
that the question arises as to whether this 
has an effect on the immune response to in-
fectious agents, i.e., bacteria, viruses, fungi, 
and parasites, i.e., whether there is an in-
creased susceptibility to infection under the 
respective biologics therapy. In general, vac-
cination programs against many pathogens 
are carried out very successfully today to 
prevent (these) infections [1].

The biologic therapies approved by the 
authorities intervene in immune cascades 
in a targeted manner. A distinction can be 
made between the elimination of circulating 
B cells (anti-CD20 therapy), the neutraliza-
tion of important acute inflammatory mes-
sengers such as TNF-α or IL-1, as well as the 
targeted influencing of certain (specialized) 
T-cell functions (e.g., IL-5, IL-4/IL-13, IL-23, 
IL-17, IL-12/IL-23).

Vaccinations are an effective instrument 
of preventing new infections or the reactiva-
tion of “old” silent or latent infections. When 
an immune system is specifically modulated 
by biologics, the question arises as to wheth-
er the vaccination can have the desired ef-

fect. On the one hand, the vaccination effect 
relates to the formation of a corresponding 
antibody reaction (seroconversion) or the 
development of a specific T-cell response. In 
the case of live attenuated vaccines, there is 
also the question of whether the vaccine ac-
tually leads to an infection in the modulated 
host immune system. Most data is available 
on anti-TNF-α therapy for rheumatoid ar-
thritis, and with regard to the type of vac-
cination, it is the flu vaccine (influenza vac-
cine). Four studies were able to show that 
the antibody response to influenza vaccina-
tion is attenuated under anti-TNF-α therapy 
[126, 127, 128, 129], whereas three studies 
were able to demonstrate a normal vacci-
nation response [130, 131]. Further studies 
show that human papilloma virus (HPV) vac-
cination only leads to an attenuated T-cell-
dependent immune response [132], where-
as the antibody response to pneumococcal 
vaccination was normal [133, 134].

For this reason, the immune status 
with regard to these pathogens (and other 
infections) should be investigated before 
treatment with TNF antagonists. There is 
a pragmatic suggestion for the respective 
diagnostic tests in the literature [135] (Ta-
ble 2), and this can also be applied before 
treatment with biologics for allergy and 
asthma [1]. It is advised to check the im-
mune status with regard to these important 
viruses (and bacteria) before starting a bio-
logics therapy and, if necessary, to refresh 
vaccinations or catch up on missing vaccina-
tions before initiating the respective biolog-
ics therapy [136].

The European Association of Rheumatol-
ogists (EULAR) developed recommendations 
for the vaccination of patients with rheu-
matic diseases undergoing biologics therapy 
in 2011 [1, 137]. These were updated in 2015 
[138]. In addition to statements for the pedi-
atric population, a further recommendation 
for adults was published in 2020 [139]. The 
basic recommendations listed there are es-
sentially also shared by experts in the field 
of dermatology and allergology [139]. These 
recommendations apply to the following 
biologics: anti-TNF-α; anti-IL-12/IL-23; anti-
IL-23; anti-IL-17; anti-IL- 4Rα. A basic distinc-
tion is made between (protein) inactivated 
vaccines and live-attenuated vaccines. The 
former category includes the pneumococ-
cal vaccine, inactivated influenza vaccines, 
vaccines against Haemophilus influenza type 

Figure 4. The incidence of urticaria (%).
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B, hepatitis A and B, HPV, as well as tetanus 
and diphtheria toxin, and the acellular per-
tussis vaccine.

Vaccinations should be administered as 
clinically indicated or recommended. The 
situation is different for the live-attenuated 
vaccines. These include measles, mumps, 
rubella, oral poliomyelitis, oral typhoid fe-
ver, yellow fever, and varicella zoster vac-
cines. These should explicitly not be admin-
istered during biologics therapy.

One important vaccination is the teta-
nus vaccination. In this regard, it was shown 
for the application of dupilumab and the 
two anti-IL-13 antibodies tralokinumab and 
lebrikizumab that the development of the 
anti-tetanus antibody vaccination responses 
as well as other immune responses are not 
impaired [140, 141, 142]. It can therefore 
be concluded that patients receiving dupil-
umab can be vaccinated with inactivated or 
killed vaccines at the same time [1]. Among 
the vaccinations against viral infections, that 
against influenza is of particular importance, 
especially as patients with asthma have an 
increased risk of (severe) influenza infection. 
Treatment with monoclonal anti-IL-5 recep-
tor antibodies (benralizumab) has been 
shown not to impair the vaccine-induced an-
tibody response to seasonal influenza vacci-
nation in adolescents and young adults with 
moderate to severe asthma [1, 143].

In recent years, the focus has been on 
overcoming the corona virus pandemic, 
which was induced by the SARS-CoV-2 virus 
and led to COVID-19 disease. In the phase 
III trials that were conducted with various 
COVID-19 vaccines and ultimately led to the 
marketing authorization of various protein- 
and mRNA-based vaccines, patients on im-
munosuppressant therapy or patients with 
significant autoimmune disorders were ex-

cluded. It was therefore necessary to con-
duct further studies to investigate the extent 
to which patients with underlying immuno-
logical diseases and/or biologic therapies in-
teract with the available vaccines. From this, 
the following basic international recommen-
dation was derived, which also applies to pa-
tients with allergies and asthma: First of all, 
it must be noted that the vaccination recom-
mendation applies to all patients even with 
these underlying diseases or previous thera-
pies. Data obtained from the – admittedly 
– relatively small number of cases suggests 
that the vaccination can also be carried out 
in this patient group without any specific ad-
ditional risk. This also applies to the ques-
tion of the efficacy of the vaccination in this 
group; there are only a few data on this, 
but they have not yet shown any significant 
loss of efficacy [144] with the exception of a 
small recently published study describing a 
lower immune response to mRNA vaccines 
when treated with mepolizumab, benrali-
zumab, or dupilumab [145].

In conclusion, it is generally not pos-
sible to generalize results from one vaccine 
to another, as vaccinations against different 
pathogen classes (viruses and bacteria) by 
very differently configured vaccines (e.g., 
live attenuated and dead vaccines, signifi-
cance of the added adjuvant) also trigger 
different immunological strategies. There-
fore, there is still a considerable need for 
further clinical studies [1].

Biologic therapy in patients 
with uncertain SARS-CoV-2 
infection status

In the context of infectious pandemics 
such as the COVID-19 pandemic, concerns 
may arise regarding the application of im-
munosuppressive drugs and/or immuno-
modulating biologics. These mainly concern 
the theoretical consideration of whether vi-
ral infections may contribute to more severe 
courses or whether there are possible im-
munological interactions and potential risks 
of these biologics if the immune response is 
influenced by the biologic [146, 147, 148]. In 
allergology, patients mainly receive biologics 
that inhibit type 2 immune responses via dif-
ferent mechanisms [146, 147, 148]. There is 

Table 2. Laboratory tests before administration of immunosuppressive or immuno-
modulating drugs [1].

Infectious agents Test
Hepatitis B virus – anti-HBS quantified – HBs Antigen, anti-HBs and – anti-

HBc 
Hepatitis C virus (anti-Hepatitis C)
Hepatitis A virus (anti-HAV IgG)
Epstein-Barr virus anti-EBV
Cytomegalovirus anti-CMV IgG and IgM
Herpes virus anti-HSV q and 2: IgG and IgM
Varicella zoster virus Anti-VZ IgG
Syphilis VDRL or TPPA

citation

Jappe U, Bergmann K-C, 
Brinkmann F, Faihs V, Gülsen 
A, Klimek L, Renz H, Seurig S, 
Taube C, Traidl S, Treudler R, 

Wagenmann M, Werfel T, 
Worm M, Zuberbier T.

Biologics in allergology and 
clinical immunology: Update 

on therapies for atopic 
diseases, urticaria, and 

angioedema and on safety 
aspects focusing on 

hypersensitivity reactions.
Allergol Select.  

2024; 8: 365-406.
DOI 10.5414/ALX02533E



Jappe, Bergmann, Brinkmann, et al. 384

uncertainty about the administration of bio-
logics in the case of an infection with, e.g., 
SARS-CoV-2 and also about the treatment 
recommendations in the context of vaccina-
tions (see above). Position papers from the 
German [148] and European [146] societies 
of allergology have summarized the possible 
mechanisms and current knowledge in this 
regard.

As a recommendation, the use of biolog-
ics for the treatment of bronchial asthma, 
atopic dermatitis, chronic rhinosinusitis 
with nasal polyps, EoE, hypereosinophilia 
syndrome, and spontaneous urticaria in 
patients without suspected or confirmed 
SARS-CoV-2 infection should be continued 
as usual. Treatment should aim to control 
difficult-to-treat allergic and atopic condi-
tions as much as possible with an appropri-
ate therapy and to avoid the need for sys-
temic glucocorticosteroids. If SARS-CoV-2 
infection is confirmed or reasonably sus-
pected, the treatment decision towards a 
biologic should be determined by individu-
ally weighing up the benefits and risks for 
the individual patient, with the patient be-
ing included in the decision-making process 
[146, 147, 148]. The relevant literature also 
states that:

 – Numerous studies have shown that there 
is no increased risk of COVID-19 infection 
or poorer treatment outcome in patients 
treated with T2-addressing biologics.

 – For dupilumab, it has even been de-
scribed that therapy with the antibody 
leads less frequently to severe or fatal 
courses than in patients in comparison 
groups [149, 150, 151, 152].

 – No serious reactions in terms of treat-
ment safety have been reported in pa-
tients treated with T2-addressing biolog-
ics under SARS-CoV-2 vaccination.

 – Allergy-like symptoms in the skin and 
respiratory tract after SARS-CoV-2 vacci-
nation have been described but should 
not discourage vaccination as they are 
apparently rare and a causal relation-
ship has not been established, as this is 
based on sporadic spontaneous case re-
ports while billions of doses of COVID-19 
vaccines have been administered world-
wide.

 – The use of T2-addressing biologics had 
no effect on the antibody response after 
SARS-CoV-2 vaccination.

Biologics during pregnancy 
and in childhood

Most scientific publications and studies 
on the subject of biologics in pregnancy can 
be found on autoimmune or inflammatory 
chronic diseases, such as rheumatoid arthri-
tis, lupus erythematosus, or psoriasis vul-
garis. Active autoimmune diseases as such 
carry an increased risk of adverse maternal 
and fetal events, such as pre-eclampsia, 
miscarriage, intrauterine growth retarda-
tion, premature birth, or low birth weight 
[1, 153]. Inadequately controlled bronchial 
asthma also increases the risk of complica-
tions for mother and child. Sufficient control 
of disease activity is, therefore, crucial. For 
example, the treatment goal for rheumatoid 
arthritis is to have no to low disease activity 
before conception, as the negative effects of 
systemic glucocorticosteroids and non-ste-
roidal anti-inflammatory drugs in particular 
must be considered [1, 154].

Results from case reports and registry 
data evaluations of treatment with TNF an-
tagonists, which have been approved for 
many years for the therapy of rheumatologi-
cal diseases as well as psoriasis vulgaris, have 
so far shown no evidence of an increased 
number of spontaneous abortions or mal-
formations [1, 155]. As a result, the use of 
TNF inhibitors such as infliximab, adalimum-
ab, and etanercept is recommended in preg-
nancy up to week 20 [1]. The Fab fragment 
of the TNF antibody certolizumab, which 
cannot cross the placental barrier, was clas-
sified as safe for the entire pregnancy [1, 
156, 157, 158]. For ustekinumab and ve-
dolizumab, initial data from a large cohort of 
pregnant inflammatory bowel disease (IBD) 
patients show good safety data for mother 
and child [159]. With regard to other biolog-
ics, such as secukinumab, ixekizumab, and 
brodalumab, only limited data are available 
to date, meaning that use during pregnancy 
is currently not recommended, primarily for 
precautionary reasons [1, 158].

The biologic omalizumab, which has been 
authorized and used for the longest time in 
allergology, was investigated in the so-called 
Expect study [1, 160]. Here, 250 women with 
asthma who received omalizumab during 
pregnancy were examined. The data show 
no evidence of an increased risk of congeni-
tal malformations. Nevertheless, there are citation
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still no corresponding recommendations in 
the international guidelines [1]. However, 
the Institute of Clinical Pharmacology and 
Toxicology (Charite Berlin) states on its web-
site embryotox: “Omalizumab can be used 
in pregnancy if other safer alternatives fail, 
as effective disease control is an important 
prerequisite for an undisturbed pregnancy. 
However, this requires a careful individual 
risk-benefit assessment” (https://www.em-
bryotox.de/ download August 22, 2024).

For dupilumab, there is comparatively 
less published data on application during 
pregnancy [161, 162, 163]. In 29 patients 
who received dupilumab for a median of 6 
weeks in the first half of (mostly unplanned) 
pregnancy, there were no complications 
[161]. Furthermore, 7 case histories were 
published (summarized in [163]. Here, 1 
premature birth and 1 child with low birth 
weight were reported, but otherwise no 
complications [163]. According to these first 
published data, the application of dupilum-
ab does not appear to be very critical in the 
early stages of pregnancy. This is of particu-
lar clinical relevance for unplanned pregnan-
cies under dupilumab therapy.

Overall, the natural Th2 polarization of 
the immune system in advanced pregnancy 
should contribute to the normal course of 
pregnancy by creating a tolerogenic envi-
ronment for the fetus. In this respect, it is 
important to generate sufficient evidence 
on the frequency of miscarriages and pre-
mature births under dupilumab therapy in 
order to be able to make a reliable risk as-
sessment. The deliberate use of dupilumab 
during pregnancy is currently not recom-
mended in position papers and guidelines 
on atopic dermatitis [164, 165]. There is 
also no formal authorization for application 
during pregnancy. Two prospective obser-
vational studies on this topic are currently 
underway and should be completed in 2026 
and 2027 (https://clinicaltrials.gov/study/
NCT04173442; https://clinicaltrials.gov/
study/NCT03936335).

The other antibodies used in allergology, 
such as benralizumab and reslizumab, are 
not yet recommended for use during preg-
nancy due to a lack of data [1]. Particularly in 
the third trimester, transfer of antibodies to 
the child via the placenta is possible. On the 
other hand, unstable chronic diseases due 
to the increased use of oral corticosteroids, 
for example, must be taken into account [1]. 

In the future, further register-based data or 
case-control studies are required in order 
to establish the evidence for the safe use of 
biologics in pregnancy, also in the field of al-
lergy [1].

Biologics: Therapy for children
The use of biologics in children is individ-

ual and dependent on the indication: For ex-
ample, omalizumab can be used in children 
with allergic asthma from the age of 6 ac-
cording to the Summary of Product Charac-
teristics, but in CSU only from the age of 12. 
More biologics have been approved for chil-
dren: Dupilumab has been approved since 
2023 for the treatment of atopic dermatitis 
in children from 6 months of age and for 
the treatment of allergic bronchial asthma 
from 6 years of age [166]. Mepolizumab is 
also approved from 6 years of age onwards 
for children with severe, refractory asthma. 
Lanadelumab is approved for children aged 
12 years and older; good efficacy and toler-
ability were also recently demonstrated for 
the 2 – 11 years age group for the indication 
of HAE [98].

Future biologics for atopic 
diseases

As the range of applications and the 
number of preparations increase, the au-
thors would like to take a look at what other 
targets could play a role in the future.

Bronchial asthma
In bronchial asthma, established paths 

are explored further. IL-4 is already known 
as a target for dupilumab. As a new IL-4R an-
tagonist, CM-310 is currently undergoing a 
phase II trial [167]. The inhibition of IL-5 in 
severe eosinophilic bronchial asthma is also 
being investigated. Here, substance 610 is 
currently investigated in phase II [168] and 
depemokimab in phase III trials [169, 170, 
171].

FB825, an antibody against membrane-
bound IgE on B cells, is currently showing 
an alternative mechanism in phase II trials citation
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[172] of how IgE can be used as a target 
marker to induce apoptosis.

New pathways are opening up in the 
area of type 2 low-bronchial asthma, a vari-
ant in which typical markers of type 2 in-
flammation are absent. IL-6 is currently a 
focus of studies. FB704A as an IL-6 inhibitor 
specifically for severe neutrophilic bronchial 
asthma is now investigated in phase II tri-
als [173] after a positive phase I [174], as is 
clazakizumab [175].

Itepekimab, an IL-33 inhibitor, acts much 
earlier in the inflammatory cascade. In 
phase II studies, it showed similar effects in 
lowering the percentage of patients with a 
loss of asthma control as dupilumab [176]. 
In addition, the evaluation of the now com-
pleted phase II [177] study of tozorakimab 
with the same target is awaited.

Progress in investigating the effects of 
tyrosine kinase inhibitors (TKIs) on atopic 
diseases is not only being made in the field 
of atopic dermatitis. Masitinib as a c-kit 
pathway TKI showed a significant reduction 
of 50 – 70% in the asthma exacerbation rate 
in phase III trials [178, 179]. Rilzabrutinib 
as a Bruton-TKI is currently still undergoing 
phase II trials [180].

Phase II trials for the CD4-IgG1 antago-
nist tregalizumab, originally planned for the 
indication rheumatoid arthritis, were dis-
continued due to a lack of efficacy in bron-
chial asthma [181].

The respective manufacturer has also 
discontinued the further development of 
the IL-1RL1 antagonist melrilimab in the 
phase IIa trial [182].

Another candidate for future asthma 
therapeutics is amlitelimab, which has al-
ready shown promising data as an OX40 
ligand inhibitor in the indication of atopic 
dermatitis and is now in a phase II trial for 
bronchial asthma [183]. Povorcitinib as a 
JAK1 inhibitor is also attempting to trans-
fer the success of JAK inhibitors from atopic 

dermatitis to bronchial asthma in a phase II 
trial [184].

Atopic dermatitis
Further promising therapy options are 

also currently being investigated for treat-
ment of atopic dermatitis.

In phase III studies, treatment with 
nemolizumab as an IL-31R antagonist was 
characterized above all by very rapid relief 
of itching, while the improvement in skin 
symptoms was delayed [185]. The drug was 
already approved in Japan in 2022 for pa-
tients aged 13 years and older with refrac-
tory itching in atopic dermatitis [186].

Another promising target could be the 
inhibition of the OX40/OX40 ligand axis, 
which plays an important role in the interac-
tion between dendritic cells and T cells.

With amlitelimab as an OX40 ligand in-
hibitor, the phase II study [187] not only 
showed improvements in the validated In-
vestigator Global Assessment (vIGA) score, 
but also a continued clinical improvement 
up to week 24 [188]. Rocatinlimab with 
the same target molecule achieved a sig-
nificant improvement in the EASI score after 
16 weeks in a phase IIb study at all investi-
gated doses. The achievement of EASI-75 
was also maintained in the 20-week follow-
up interval [189].

For telarzolimab, a phase IIa study 
showed that 2 intravenous doses admin-
istered 4 weeks apart led to a significant 
reduction in the mRNA expression of cyto-
kines of the Th2, Th1, and Th17/Th22 axis 
in skin biopsies compared to placebo up to 
42 days after the last dose, as well as to a 
significantly higher achievement of EASI-75 
[190]. Thus, this substance class could pos-
sibly have disease-modifying effects.

One step higher in the cascade are anti-
TSLP antibodies, which should then also ex-
ert an inhibitory effect on the OX40/OX40 
ligand axis. While a marketing authorization 
for asthma exists, a pronounced placebo ef-
fect was shown in the control group in phase 
II for atopic dermatitis, which could be a 
possible explanation for the lack of proof of 
effect [191, 192].

Other substance classes currently being 
investigated include further IL-4Rα antago-
nists, IL-13Rα subunit antibodies (eblasa-

Table 3. Biologics investigated in ongoing studies for 
the indication of chronic spontaneous urticaria.

Name Target Phase
UB-221 IgER antagonists Phase II [221]
Lirentelimab Siglec-8 agonist Phase II [222]
Barzolvolimab KIT-TKI Phase II [223]
Rilzabrutinib Bruton-TKI Phase II [224]
TAS-5315 Bruton-TKI Phase II [225]
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kimab), IL-5 antibodies (benralizumab), 
IL-33 antibodies (tozorakimab), antibodies 
against membrane-bound IgE on B cells (FB-
825), IL-22 antibodies (LEO 138559), anti-
IL-18, Siglec-8 agonists (lirentelimab) and 
Bruton TKIs.

In phase II studies, secukinumab [193] as 
an IL-17A inhibitor, risankizumab [194] as an 
IL-23 subunit p19 inhibitor, etokimab [195] 
and astegolimab [196] as IL-33 inhibitors, 
and spesolimab [197] as an IL-36R antago-
nist did not prevail over placebo.

While systemic JAK inhibitors have now 
entered clinical practice, the marketing au-
thorization of topical JAK inhibitors is ex-
pected. For various molecules (delgicitinib, 
tofacitinib, ruxolitinib, cerdulatinib, ifidan-
citinib), a significant improvement in EASI 
was shown compared to placebo and in 
some cases even compared to systemic JAK 
inhibitors with a favourable side effect pro-
file [198].

Chronic rhinosinusitis
CM-310 as an IL-4R antagonist showed 

significant improvements in the nasal polyp 
score (NPS) [199] and nasal congestion score 
(NCS) in the phase II study [200] and is cur-
rently in a phase III study [201]. The IL-4Rα 
inhibitor GR1802, which works on the same 
target molecule, is currently completing a 
phase II trial [202].

Benralizumab as an IL-5R inhibitor was 
also able to show significant improvements 
in NPS and nasal blockage score (NBS) com-
pared to placebo in the phase III trial, but 
not in the sino-nasal outcome test (SNOT-
22) and the time to the next functional en-
doscopic sinus surgery (FESS) and/or sys-
temic corticosteroid administration [203]. 
The results of the currently ongoing phase 
III trials [204, 205] of the IL-5R antagonist 
depemokimab will therefore be all the more 
exciting.

Starting high up in the inflammatory cas-
cade, it remains to be seen whether tezepe-
lumab can also demonstrate its success as 
an anti-TSLP antibody for CRS in the ongoing 
phase III trial [206].

In contrast, the IL-33 inhibitor etokimab 
did not prevail over placebo in the improve-
ment of SNOT-22 in Phase II [207].

Chronic spontaneous urticaria

All doses of the Bruton TKI remibrutinib 
prevailed in the phase II study with regard to 
the reduction of the urticaria activity score 
(UAS) compared to placebo [208]. The drug 
is currently in phase III trials [209, 210, 211, 
212, 213, 214].

Fenebrutinib from the same drug group 
showed a dose-dependent improvement in 
the urticaria activity score over 7d (UAS7) af-
ter week 8 in the completed phase II study. 
Transient transaminase elevations were 
spontaneously reversible [215].

Although ligelizumab as an IgE inhibi-
tor showed a reduction in the hive severity 
score (HSS) and itch severity score (ISS) com-
parable to omalizumab in the phase III study, 
it was not superior to omalizumab, which is 
why the focus is currently on possible use in 
the area of food allergies or chronic induc-
ible urticaria [216, 217].

The phase II study results of benrali-
zumab as an IL-5R inhibitor in the ARROYO 
study showed no clinical effect over placebo 
[218]. The results of tezepelumab as an anti-
TSLP-AK in the INCEPTION study [219] are 
still pending.

In contrast, although dupilumab 
achieved a significant reduction in urticaria 
activity in omalizumab-naïve patients with 
CSU that could not be controlled by antihis-
tamines, this was not the case in omalizum-
ab non-responders [220].

Further candidates for future CSU ther-
apeutics with current study activity are 
shown in Table 3.

Eosinophilic esophagitis

The results from the phase II/III trial with 
the Siglec-8 agonist lirentelimab are awaited 
[226]. In a randomized, double-blind, pla-
cebo-controlled, multicenter study, mepo-
lizumab was unable to achieve the primary 
endpoint of an improvement in dysphagia 
symptoms when compared to placebo [227].

Further candidates for future EoE thera-
peutics with studies currently ongoing are 
shown in Table 4.
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Eosinophilic gastritis
In the phase III study, the IL-5R inhibitor 

benralizumab achieved a significant histo-
logical remission in mucosa samples versus 
placebo, reduction of eosinophils both lo-
cally and systemically, but no significance in 
the symptom survey (SODA) and the Gastric 
Endoscopic Score [232].

After completion of the phase III trials 
[233, 234], the company developing the 
substance clinically announced that it would 
withdraw from research into eosinophilic 
gastritis with the drug lirentelimab as a Si-
glec-8 agonist and investigate further use in 
atopic dermatitis and CSU, as the expected 
endpoints for the symptom scores were not 
achieved in the original indication [235].

Other candidates currently being investi-
gated for this indication are dupilumab and 
cendakimab (an IL-13 inhibitor) [236, 237].

Food allergies
Other currently investigated drugs with 

significantly less evidence in the area of food 
allergies are dupilumab [238], the anti-IgE 
antibody ligelizumab (currently in a phase 
III trial for peanut allergy) [239], agamma-
globulinemia TKI acalabrutinib (completed 
phase II [240]) and etokimab (anti-IL-33 an-
tibody) [241, 242].

Conclusion
The continuous development of biolog-

ics in the targeted therapy of atopic diseases 
has confirmed pathomechanistic hypoth-
eses on the significance of certain thera-
peutical target molecules in atopic diseases, 
urticaria, and angioedema. It is certainly 
worthwhile continuing to extend indication 

of existing biologics and to develop new sub-
stances in well-designed studies. This could 
provide important novel insights into the 
underlying pathophysiology and immunol-
ogy of atopic diseases, urticaria, and angio-
edema.

Acknowledgment
This paper is a comprehensive update of 

the publication of the DGAKI Working Group 
on Biologics and New Pharmaceuticals enti-
tled “Biologics in atopic diseases: Indication, 
side effect management and new develop-
ments” by Jappe et al. in Allergologie 2021; 
41: 54-80 (as well as in Allergologie select) 
[1]. Where information was adopted direct-
ly, it was provided with the corresponding 
literature citation.

Authors’ contributions
UJ: designed, coordinated, wrote the 

manuscript, wrote the chapter hypersensi-
tivity reactions to biologics and in parts food 
allergy, edited and revised the whole man-
uscript, edited Table 1. KCB, CT: wrote and 
revised the chapter bronchial asthma. ST: 
wrote and revised the chapter atopic der-
matitis. TW: wrote and revised the chapter 
atopic dermatitis, in parts SARS-CoV-2-infec-
tion status, pregnancy and childhood, ed-
ited and revised the whole manuscript. FB: 
wrote and revised the chapter pregnancy 
and childhood. MWo: wrote and revised the 
chapter food allergy and EoE. MWa: wrote 
and revised the chapter chronic sinusitis 
with nasal polyps. TZ: wrote and revised the 
chapter urticaria, edited the whole manu-
script. RT: wrote and revised the chapter he-
reditary angioedema. HR: wrote and revised 
the chapter vaccinations, Table 2. LK: wrote 
and revised the chapter SARS-CoV-2-infec-
tion status. SPS, VF, ST: wrote and revised 
the chapter future biologics, Tables 3 and 4. 
AG: designed and produced the table 1 and 
the Figures 1 – 4.

Table 4. Biologics investigated in ongoing studies for the indication of eosinophilic 
esophagitis.

Name Target Phase
Barzolvolimab KIT-TKI Phase II [228]
Etrasimod Sphingosine 1P-R modulator Phase II [229]
Cendakimab IL-13 inhibitor Phase III [230]
Tezepelumab Anti-TSLP antibody Phase III [231]

citation

Jappe U, Bergmann K-C, 
Brinkmann F, Faihs V, Gülsen 
A, Klimek L, Renz H, Seurig S, 
Taube C, Traidl S, Treudler R, 

Wagenmann M, Werfel T, 
Worm M, Zuberbier T.

Biologics in allergology and 
clinical immunology: Update 

on therapies for atopic 
diseases, urticaria, and 

angioedema and on safety 
aspects focusing on 

hypersensitivity reactions.
Allergol Select.  

2024; 8: 365-406.
DOI 10.5414/ALX02533E



Biologics in allergology and clinical immunology 389

Funding

No extra funding for the creation of this 
manuscript.

Conflict of interest

CT, AG,  VF, KCB, and FB have no conflict 
of interest.

UJ received hotel accommodation and 
meals for a lecture and for leading a work-
shop organized by ALK Abello. The fee went 
to her organization, the RCB. In addition, an-
other hotel night and dinner were recently 
provided by ALK Abello. Her research on 
molecular allergology is funded by the Fed-
eral Ministry of Education and Science, the 
Federal Ministry of Food and Agriculture 
(BMEL), the German Research Foundation 
and the Kanert Foundation: all outside the 
topic of this article. The Federal Ministry of 
Technology, Economics and Technology has 
funded their research on assays for the de-
tection of anti-drug antibodies via the AiF-
ZIM program.

ST reports support for consultancy, lec-
tures, and other scientific activities from 
AbbVie, Janssen/ JNJ, Leo Pharma, Lilly, 
Novartis, and Regeneron/Sanofi outside 
the submitted work, memberships: DGAKI, 
DDG, EAACI.

RT received research support from Sano-
fi-Genzyme and the Hautnetz Leipzig/West-
sachsen e.V. as well as fees for lectures and 
consultations from ALK-Abello, Takeda, No-
vartis, Sanofi-Genzyme, Abbvie, and support 
for congress visits from Takeda.

LK reports grants and/or personal fees 
from Allergopharma, MEDA / Mylan, HAL Al-
lergie, ALK Abelló, LETI Pharma, Stallergenes, 
Quintiles, Sanofi, ASIT Biotech, Lofarma, Al-
lergy Therapeut., AstraZeneca, GSK, Inmu-
notk and Cassela med outside the submit-
ted work; and memberships: AeDA, DGHNO, 
German Academy of Allergology and Clinical 
Immunology, HNO-BV, GPA, EAACI.

MWo reports support for consultancies, 
lectures and other scientific activities from 
ALK-Abelló Arzneimittel GmbH, Abbvie, Eli 
Lilly, Mylan Germany GmbH, Bencard Aller-
gie GmbH, Novartis AG, Biotest AG, Sanofi-
Aventis Deutschland GmbH, HAL Allergie 
GmbH, DBV Technologies S.A, Aimmune 

Therapeutics UK Limited, Regeneron Phar-
maceuticals, Inc, Stallergenes GmbH.

S. Seurig reports support for consulta-
tions, lectures, and other scientific activities 
by Allergopharma, ALK-Abelló Arzneimit-
tel GmbH, AstraZeneca, Takeda outside the 
submitted work, memberships: DGAKI, DGP, 
EAACI

TZ reports support for consultations, 
lectures and other scientific activities by As-
traZeneca, AbbVie, ALK, Almirall, Astellas, 
Bayer Health Care, Bencard, Berlin Chemie, 
FAES, HAL, Henkel, Kryolan, Leti, Lofarma, 
L’Oreal, Meda, Menarini, Merck, MSD, No-
vartis, Pfizer, Sanofi, Sanoflore, Stallergenes, 
Takeda, Teva, UCB as well as responsible 
participation in the following organizations: 
Committee member, WHO initiative “Al-
lergic Rhinitis and its Impact on Asthma” 
(ARIA), Member of the Board, German So-
ciety for Allergy and Clinical Immunology 
(DGAKI), Head, European Centre for Allergy 
Research Foundation (ECARF), Secretary 
General, Global Allergy and Asthma Europe-
an Network (GA2LEN), Member, Committee 
on Allergy Diagnosis and Molecular Allergol-
ogy, World Allergy Organization (WAO).

TW reports support for consultancy, lec-
tures, and other scientific activities from Ab-
bVie, ALK Abello, Almirall, Astellas, Bencard, 
Galderma, Janssen/JNJ, Leo Pharma, Leti, 
Lilly, Novartis, Pfizer, Regeneron/Sanofi, 
Stallergen.

MWa has received fees for consulting, 
lectures or research support from the fol-
lowing companies in the past 3 years: Al-
lergopharma, ALK-Abelló, AstraZeneca, CSL 
Behring, Genzyme, GSK, HAL Allergie, Infec-
topharm, LETI Pharma, Novartis, Regeneron, 
Sanofi, Stallergenes, Takeda.

HR: Co-Founder STERNA Biologicals and 
SECARNA Pharmaceuticals.

References
[1] Jappe U, Bergmann K, Gülsen A, Klimek L, Plilipp 

S, Pickert J, Rauber-Ellinghaus M, Renz H, Taube 
C, Treudler R, Wagenmann M, Werfel T, Worm M, 
Zuberbier T. Biologika bei atopischen Erkrankun-
gen: Indikationsstellung, Nebenwirkungsman-
agement und neue Entwicklungen. Allergologie. 
2021; 41: 54-80. CrossRef

[2] van Buul AR, Taube C. Treatment of severe asth-
ma: entering the era of targeted therapy. Expert 
Opin Biol Ther. 2015; 15: 1713-1725. CrossRef 
PubMedcitation

Jappe U, Bergmann K-C, 
Brinkmann F, Faihs V, Gülsen 
A, Klimek L, Renz H, Seurig S, 
Taube C, Traidl S, Treudler R, 

Wagenmann M, Werfel T, 
Worm M, Zuberbier T.

Biologics in allergology and 
clinical immunology: Update 

on therapies for atopic 
diseases, urticaria, and 

angioedema and on safety 
aspects focusing on 

hypersensitivity reactions.
Allergol Select.  

2024; 8: 365-406.
DOI 10.5414/ALX02533E

https://doi.org/10.5414/ALX02197
https://doi.org/10.1517/14712598.2015.1084283
https://pubmed.ncbi.nlm.nih.gov/26331583
https://pubmed.ncbi.nlm.nih.gov/26331583


Jappe, Bergmann, Brinkmann, et al. 390

[3] Hekking PW, Wener RR, Amelink M, Zwinderman 
AH, Bouvy ML, Bel EH. The prevalence of severe 
refractory asthma. J Allergy Clin Immunol. 2015; 
135: 896-902. CrossRef PubMed

[4] Taube C, Bramlage P, Hofer A, Anderson D. Preva-
lence of oral corticosteroid use in the German 
severe asthma population. ERJ Open Res. 2019; 
5: 00092-02019. CrossRef PubMed

[5] Haasler I, Taube C. Biologicals in the treatment of 
bronchial asthma. Pneumologie. 2017; 71: 684-
698. CrossRef PubMed

[6] Chung KF, Wenzel SE, Brozek JL, Bush A, Castro M, 
Sterk PJ, Adcock IM, Bateman ED, Bel EH, Bleecker 
ER, Boulet LP, Brightling C, Chanez P, Dahlen SE, 
Djukanovic R, Frey U, Gaga M, Gibson P, Hamid Q, 
Jajour NN, et al. International ERS/ATS guidelines 
on definition, evaluation and treatment of severe 
asthma. Eur Respir J. 2014; 43: 343-373. CrossRef 
PubMed

[7] Buhl R, Bals R, Baur X, Berdel D, Criée CP, Gappa 
M, Gillissen A, Greulich T, Haidl P, Hamelmann E, 
Kardos P, Kenn K, Klimek L, Korn S, Lommatzsch 
M, Magnussen H, Nicolai T, Nowak D, Pfaar O, 
Rabe KF, et al. [Guideline for the Diagnosis and 
Treatment of Asthma - Guideline of the German 
Respiratory Society and the German Atemwegsli-
ga in Cooperation with the Paediatric Respiratory 
Society and the Austrian Society of Pneumology]. 
Pneumologie. 2017; 71: e3. PubMed

[8] Sweeney J, Patterson CC, Menzies-Gow A, Niven 
RM, Mansur AH, Bucknall C, Chaudhuri R, Price D, 
Brightling CE, Heaney LG; British Thoracic Society 
Difficult Asthma Network. Comorbidity in severe 
asthma requiring systemic corticosteroid thera-
py: cross-sectional data from the Optimum Pa-
tient Care Research Database and the British Tho-
racic Difficult Asthma Registry. Thorax. 2016; 71: 
339-346. CrossRef PubMed

[9] Braunstahl GJ, Chlumský J, Peachey G, Chen CW. 
Reduction in oral corticosteroid use in patients 
receiving omalizumab for allergic asthma in the 
real-world setting. Allergy Asthma Clin Immunol. 
2013; 9: 47. CrossRef PubMed

[10] Humbert M, Taillé C, Mala L, Le Gros V, Just J, Mo-
limard M; STELLAIR investigators. Omalizumab 
effectiveness in patients with severe allergic asth-
ma according to blood eosinophil count: the 
STELLAIR study. Eur Respir J. 2018; 51: 1702523. 
CrossRef PubMed

[11] Bergmann KC, Oestmann JW, Bousquet J, Zuber-
bier T. Successful simultaneous targeting of IgE 
and IL-5 in a severe asthmatic patient selected for 
lung transplantation. World Allergy Organ J. 
2022; 15: 100669. CrossRef PubMed

[12] Bergmann KC, Hartung T, Kugler S, Zuberbier T. 
Long-term evaluation of Omalizumab therapy in 
patients with severe allergic asthma. Exploration 
of Asthma & Allergy. 2024; 319-328. CrossRef

[13] Ortega HG, Liu MC, Pavord ID, Brusselle GG, 
FitzGerald JM, Chetta A, Humbert M, Katz LE, 
Keene ON, Yancey SW, Chanez P; MENSA Investi-
gators. Mepolizumab treatment in patients with 
severe eosinophilic asthma. N Engl J Med. 2014; 
371: 1198-1207. CrossRef PubMed

[14] FitzGerald JM, Bleecker ER, Nair P, Korn S, Ohta K, 
Lommatzsch M, Ferguson GT, Busse WW, Barker 
P, Sproule S, Gilmartin G, Werkström V, Aurivillius 
M, Goldman M; CALIMA study investigators. Ben-
ralizumab, an anti-interleukin-5 receptor α 

monoclonal antibody, as add-on treatment for 
patients with severe, uncontrolled, eosinophilic 
asthma (CALIMA): a randomised, double-blind, 
placebo-controlled phase 3 trial. Lancet. 2016; 
388: 2128-2141. CrossRef PubMed

[15] FitzGerald JM, Bleecker ER, Menzies-Gow A, Zan-
grilli JG, Hirsch I, Metcalfe P, Newbold P, Goldman 
M. Predictors of enhanced response with benrali-
zumab for patients with severe asthma: pooled 
analysis of the SIROCCO and CALIMA studies. 
Lancet Respir Med. 2018; 6: 51-64. CrossRef 
PubMed

[16] Nair P, Wenzel S, Rabe KF, Bourdin A, Lugogo NL, 
Kuna P, Barker P, Sproule S, Ponnarambil S, Gold-
man M; ZONDA Trial Investigators. Oral glucocor-
ticoid-sparing effect of benralizumab in severe 
asthma. N Engl J Med. 2017; 376: 2448-2458. 
CrossRef PubMed

[17] Castro M, Corren J, Pavord ID, Maspero J, Wenzel 
S, Rabe KF, Busse WW, Ford L, Sher L, FitzGerald 
JM, Katelaris C, Tohda Y, Zhang B, Staudinger H, 
Pirozzi G, Amin N, Ruddy M, Akinlade B, Khan A, 
Chao J, et al. Dupilumab efficacy and safety in 
moderate-to-severe uncontrolled asthma. N Engl 
J Med. 2018; 378: 2486-2496. CrossRef PubMed

[18] Bergmann KC, Maurer M, Church MK, Zuberbier 
T. Anaphylaxis to mepolizumab and omalizumab 
in a single patient – is polysorbate the culprit? J 
Investig Allergol Clin Immunol. 2020; 30: 285-
287. CrossRef PubMed

[19] Ko HK, Cheng SL, Lin CH, Lin SH, Hsiao YH, Su KC, 
Yu CJ, Wang HC, Sheu CC, Chiu KC, Perng DW. 
Blood tryptase and thymic stromal lymphopoi-
etin levels predict the risk of exacerbation in se-
vere asthma. Sci Rep. 2021; 11: 8425. CrossRef 
PubMed

[20] Wechsler ME, Menzies-Gow A, Brightling CE, Kuna 
P, Korn S, Welte T, Griffiths JM, Sałapa K, Hellqvist 
Å, Almqvist G, Lal H, Kaur P, Skärby T, Colice G, 
Cambursano VH, Fernandez MJ, Scherbovsky FD, 
Yanez A, Tolcachier AJ, Stok AM, et al; SOURCE 
study group. Evaluation of the oral corticosteroid-
sparing effect of tezepelumab in adults with oral 
corticosteroid-dependent asthma (SOURCE): a 
randomised, placebo-controlled, phase 3 study. 
Lancet Respir Med. 2022; 10: 650-660. CrossRef 
PubMed

[21] Bölke G, Church M, Bergmann KC. Comparison of 
extended intervals and dose reduction of omali-
zumab for asthma control. Allergo J Int. 2019; 28: 
1-4. CrossRef

[22] Bölke G, Tong X, Zuberbier T, Bousquet J, Berg-
mann KC. Extension of mepolizumab injection in-
tervals as potential of saving costs in well con-
trolled patients with severe eosinophilic asthma. 
World Allergy Organ J. 2022; 15: 100703. Cross-
Ref PubMed

[23] Blauvelt A, de Bruin-Weller M, Gooderham M, 
Cather JC, Weisman J, Pariser D, Simpson EL, Papp 
KA, Hong HC, Rubel D, Foley P, Prens E, Griffiths 
CEM, Etoh T, Pinto PH, Pujol RM, Szepietowski JC, 
Ettler K, Kemény L, Zhu X, et al. Long-term man-
agement of moderate-to-severe atopic dermati-
tis with dupilumab and concomitant topical corti-
costeroids (LIBERTY AD CHRONOS): a 1-year, 
randomised, double-blinded, placebo-controlled, 
phase 3 trial. Lancet. 2017; 389: 2287-2303. 
CrossRef PubMedcitation

Jappe U, Bergmann K-C, 
Brinkmann F, Faihs V, Gülsen 
A, Klimek L, Renz H, Seurig S, 
Taube C, Traidl S, Treudler R, 

Wagenmann M, Werfel T, 
Worm M, Zuberbier T.

Biologics in allergology and 
clinical immunology: Update 

on therapies for atopic 
diseases, urticaria, and 

angioedema and on safety 
aspects focusing on 

hypersensitivity reactions.
Allergol Select.  

2024; 8: 365-406.
DOI 10.5414/ALX02533E

https://doi.org/10.1016/j.jaci.2014.08.042
https://pubmed.ncbi.nlm.nih.gov/25441637
https://doi.org/10.1183/23120541.00092-2019
https://pubmed.ncbi.nlm.nih.gov/31687373
https://doi.org/10.1055/s-0043-102773
https://pubmed.ncbi.nlm.nih.gov/29017221
https://doi.org/10.1183/09031936.00202013
https://pubmed.ncbi.nlm.nih.gov/24337046
https://pubmed.ncbi.nlm.nih.gov/24337046
https://pubmed.ncbi.nlm.nih.gov/30406626
https://doi.org/10.1136/thoraxjnl-2015-207630
https://pubmed.ncbi.nlm.nih.gov/26819354
https://doi.org/10.1186/1710-1492-9-47
https://pubmed.ncbi.nlm.nih.gov/24305549
https://doi.org/10.1183/13993003.02523-2017
https://pubmed.ncbi.nlm.nih.gov/29545284
https://doi.org/10.1016/j.waojou.2022.100669
https://pubmed.ncbi.nlm.nih.gov/35983568
https://doi.org/10.37349/eaa.2024.00047
https://doi.org/10.1056/NEJMoa1403290
https://pubmed.ncbi.nlm.nih.gov/25199059
https://doi.org/10.1016/S0140-6736(16)31322-8
https://pubmed.ncbi.nlm.nih.gov/27609406
https://doi.org/10.1016/S2213-2600(17)30344-2
https://pubmed.ncbi.nlm.nih.gov/28919200
https://pubmed.ncbi.nlm.nih.gov/28919200
https://doi.org/10.1056/NEJMoa1703501
https://pubmed.ncbi.nlm.nih.gov/28530840
https://doi.org/10.1056/NEJMoa1804092
https://pubmed.ncbi.nlm.nih.gov/29782217
https://doi.org/10.18176/jiaci.0492
https://pubmed.ncbi.nlm.nih.gov/32723701
https://doi.org/10.1038/s41598-021-86179-1
https://pubmed.ncbi.nlm.nih.gov/33875671
https://pubmed.ncbi.nlm.nih.gov/33875671
https://doi.org/10.1016/S2213-2600(21)00537-3
https://pubmed.ncbi.nlm.nih.gov/35364018
https://pubmed.ncbi.nlm.nih.gov/35364018
https://doi.org/10.1007/s40629-018-0087-6
https://doi.org/10.1016/j.waojou.2022.100703
https://doi.org/10.1016/j.waojou.2022.100703
https://pubmed.ncbi.nlm.nih.gov/36254185
https://doi.org/10.1016/S0140-6736(17)31191-1
https://pubmed.ncbi.nlm.nih.gov/28478972


Biologics in allergology and clinical immunology 391

[24] Simpson EL, Bieber T, Guttman-Yassky E, Beck LA, 
Blauvelt A, Cork MJ, Silverberg JI, Deleuran M, 
Kataoka Y, Lacour JP, Kingo K, Worm M, Poulin Y, 
Wollenberg A, Soo Y, Graham NM, Pirozzi G, Akin-
lade B, Staudinger H, Mastey V, et al; SOLO 1 and 
SOLO 2 Investigators. Two Phase 3 Trials of Dupil-
umab versus Placebo in Atopic Dermatitis. N Engl 
J Med. 2016; 375: 2335-2348. CrossRef PubMed

[25] Simpson EL, Paller AS, Siegfried EC, Boguniewicz 
M, Sher L, Gooderham MJ, Beck LA, Guttman-
Yassky E, Pariser D, Blauvelt A, Weisman J, Lock-
shin B, Hultsch T, Zhang Q, Kamal MA, Davis JD, 
Akinlade B, Staudinger H, Hamilton JD, Graham 
NMH, et al. Efficacy and Safety of Dupilumab in 
Adolescents With Uncontrolled Moderate to Se-
vere Atopic Dermatitis: A Phase 3 Randomized 
Clinical Trial. JAMA Dermatol. 2020; 156: 44-56. 
CrossRef PubMed

[26] Paller AS, Simpson EL, Siegfried EC, Cork MJ, Wol-
lenberg A, Arkwright PD, Soong W, Gonzalez ME, 
Schneider LC, Sidbury R, Lockshin B, Meltzer S, 
Wang Z, Mannent LP, Amin N, Sun Y, Laws E, Akin-
lade B, Dillon M, Kosloski MP, et al; participating 
investigators. Dupilumab in children aged 6 
months to younger than 6 years with uncon-
trolled atopic dermatitis: a randomised, double-
blind, placebo-controlled, phase 3 trial. Lancet. 
2022; 400: 908-919. CrossRef PubMed

[27] Paller AS, Siegfried EC, Thaçi D, Wollenberg A, 
Cork MJ, Arkwright PD, Gooderham M, Beck LA, 
Boguniewicz M, Sher L, Weisman J, O’Malley JT, 
Patel N, Hardin M, Graham NMH, Ruddy M, Sun 
X, Davis JD, Kamal MA, Khokhar FA, et al. Efficacy 
and safety of dupilumab with concomitant topi-
cal corticosteroids in children 6 to 11 years old 
with severe atopic dermatitis: A randomized, 
double-blinded, placebo-controlled phase 3 trial. 
J Am Acad Dermatol. 2020; 83: 1282-1293. Cross-
Ref PubMed

[28] Abraham S, Haufe E, Harder I, Heratizadeh A, 
Kleinheinz A, Wollenberg A, Weisshaar E, Augus-
tin M, Wiemers F, Zink A, Biedermann T, von Kied-
rowski R, Hilgers M, Worm M, Pawlak M, Sticher-
ling M, Fell I, Handrick C, Schäkel K, Staubach P, et 
al; TREATgermany study group. Implementation 
of dupilumab in routine care of atopic eczema: 
results from the German national registry TREAT-
germany. Br J Dermatol. 2020; 183: 382-384. 
CrossRef PubMed

[29] Achten RE, Van Luijk C, Van der Rijst L, Bakker D, 
Spekhorst L, Zuithoff N, Schuttelaar M, Romeijn 
G, Voorberg A, Kamsteeg M, Haeck I, De Graaf M, 
Thijs J, De Boer J, De Bruin-Weller M. Identifica-
tion of Risk Factors for Dupilumab-associated 
Ocular Surface Disease in Patients with Atopic 
Dermatitis. Acta Derm Venereol. 2022; 102: 
adv00666. CrossRef PubMed

[30] Ariëns LFM, van der Schaft J, Spekhorst LS, Bakker 
DS, Romeijn GLE, Kouwenhoven TA, Kamsteeg M, 
Voorberg AN, Oosting AJ, de Ridder I, Sloeserwij 
A, Haeck I, Thijs JL, Schuttelaar MLA, de Bruin-
Weller MS. Dupilumab shows long-term effec-
tiveness in a large cohort of treatment-refractory 
atopic dermatitis patients in daily practice: 52-
Week results from the Dutch BioDay registry. J 
Am Acad Dermatol. 2021; 84: 1000-1009. Cross-
Ref PubMed

[31] Faiz S, Giovannelli J, Podevin C, Jachiet M, Bouaziz 
JD, Reguiai Z, Nosbaum A, Lasek A, Ferrier le 

Bouedec MC, Du Thanh A, Raison-Peyron N, Te-
tart F, Duval-Modeste AB, Misery L, Aubin F, 
Dompmartin A, Morice C, Droitcourt C, Soria A, 
Arnault JP, et al; Groupe de Recherche sur 
l’Eczéma aTopique (GREAT), France. Effectiveness 
and safety of dupilumab for the treatment of 
atopic dermatitis in a real-life French multicenter 
adult cohort. J Am Acad Dermatol. 2019; 81: 143-
151. CrossRef PubMed

[32] Fargnoli MC, Esposito M, Ferrucci S, Girolomoni 
G, Offidani A, Patrizi A, Peris K, Costanzo A, Ma-
lara G, Pellacani G, Romanelli M, Amerio P, Cris-
taudo A, Flori ML, Motolese A, Betto P, Patruno C, 
Pigatto P, Sirna R, Stinco G, et al; Dupilumab Ital-
ian National Access Program (Dup-INAP group). 
Real-life experience on effectiveness and safety 
of dupilumab in adult patients with moderate-to-
severe atopic dermatitis. J Dermatolog Treat. 
2021; 32: 507-513. CrossRef. https://pubmed.
ncbi.nlm.nih.gov/31647347/ PubMed

[33] Treister AD, Kraff-Cooper C, Lio PA. Risk Factors 
for Dupilumab-Associated Conjunctivitis in Pa-
tients With Atopic Dermatitis. JAMA Dermatol. 
2018; 154: 1208-1211. PubMed

[34] Wollenberg A, Ariens L, Thurau S, van Luijk C, 
Seegräber M, de Bruin-Weller M. Conjunctivitis 
occurring in atopic dermatitis patients treated 
with dupilumab-clinical characteristics and treat-
ment. J Allergy Clin Immunol Pract. 2018; 6: 
1778-1780. CrossRef PubMed

[35] Vittrup I, Krogh NS, Larsen HHP, Elberling J, Skov 
L, Ibler KS, Jemec GBE, Mortz CG, Bach RO, Bind-
slev-Jensen C, Dalager MG, Egeberg A, Agner T, 
Deleuran M, Vestergaard C, Thyssen JP. A nation-
wide 104 weeks real-world study of dupilumab in 
adults with atopic dermatitis: Ineffectiveness in 
head-and-neck dermatitis. J Eur Acad Dermatol 
Venereol. 2023; 37: 1046-1055. CrossRef PubMed

[36] Traidl S, Harries L, Kienlin P, Begemann G, Roesner 
LM, Werfel T. Dupilumab strengthens herpes sim-
plex virus type 1-specific immune responses in 
atopic dermatitis. J Allergy Clin Immunol. 2023; 
152: 1460-1469. CrossRef PubMed

[37] Alkon N, Assen FP, Arnoldner T, Bauer WM, Med-
jimorec MA, Shaw LE, Rindler K, Holzer G, Weber 
P, Weninger W, Freystätter C, Chennareddy S, 
Kinaciyan T, Farlik M, Jonak C, Griss J, Bangert C, 
Brunner PM. Single-cell RNA sequencing defines 
disease-specific differences between chronic 
nodular prurigo and atopic dermatitis. J Allergy 
Clin Immunol. 2023; 152: 420-435. CrossRef 
PubMed

[38] Yosipovitch G, Mollanazar N, Ständer S, Kwatra SG, 
Kim BS, Laws E, Mannent LP, Amin N, Akinlade B, 
Staudinger HW, Patel N, Yancopoulos GD, Wein-
reich DM, Wang S, Shi G, Bansal A, O’Malley JT. 
Dupilumab in patients with prurigo nodularis: two 
randomized, double-blind, placebo-controlled 
phase 3 trials. Nat Med. 2023; 29: 1180-1190. 
CrossRef PubMed

[39] Wollenberg A, Blauvelt A, Guttman-Yassky E, 
Worm M, Lynde C, Lacour JP, Spelman L, Katoh N, 
Saeki H, Poulin Y, Lesiak A, Kircik L, Cho SH, Her-
ranz P, Cork MJ, Peris K, Steffensen LA, Bang B, 
Kuznetsova A, Jensen TN, et al; ECZTRA 1 and EC-
ZTRA 2 study investigators. Tralokinumab for 
moderate-to-severe atopic dermatitis: results 
from two 52-week, randomized, double-blind, 
multicentre, placebo-controlled phase III trials citation

Jappe U, Bergmann K-C, 
Brinkmann F, Faihs V, Gülsen 
A, Klimek L, Renz H, Seurig S, 
Taube C, Traidl S, Treudler R, 

Wagenmann M, Werfel T, 
Worm M, Zuberbier T.

Biologics in allergology and 
clinical immunology: Update 

on therapies for atopic 
diseases, urticaria, and 

angioedema and on safety 
aspects focusing on 

hypersensitivity reactions.
Allergol Select.  

2024; 8: 365-406.
DOI 10.5414/ALX02533E

https://doi.org/10.1056/NEJMoa1610020
https://pubmed.ncbi.nlm.nih.gov/27690741
https://doi.org/10.1001/jamadermatol.2019.3336
https://pubmed.ncbi.nlm.nih.gov/31693077
https://doi.org/10.1016/S0140-6736(22)01539-2
https://pubmed.ncbi.nlm.nih.gov/36116481
https://doi.org/10.1016/j.jaad.2020.06.054
https://doi.org/10.1016/j.jaad.2020.06.054
https://pubmed.ncbi.nlm.nih.gov/32574587
https://doi.org/10.1111/bjd.18958
https://pubmed.ncbi.nlm.nih.gov/32068242
https://doi.org/10.2340/actadv.v102.1128
https://pubmed.ncbi.nlm.nih.gov/35098318
https://doi.org/10.1016/j.jaad.2020.08.127
https://doi.org/10.1016/j.jaad.2020.08.127
https://pubmed.ncbi.nlm.nih.gov/32946967
https://doi.org/10.1016/j.jaad.2019.02.053
https://pubmed.ncbi.nlm.nih.gov/30825533
https://doi.org/10.1080/09546634.2019.1682503
https://pubmed.ncbi.nlm.nih.gov/31647347
https://pubmed.ncbi.nlm.nih.gov/30167653/
https://doi.org/10.1016/j.jaip.2018.01.034
https://pubmed.ncbi.nlm.nih.gov/29432961
https://doi.org/10.1111/jdv.18849
https://pubmed.ncbi.nlm.nih.gov/36606551
https://doi.org/10.1016/j.jaci.2023.08.024
https://pubmed.ncbi.nlm.nih.gov/37660986
https://doi.org/10.1016/j.jaci.2023.04.019
https://pubmed.ncbi.nlm.nih.gov/37210042
https://pubmed.ncbi.nlm.nih.gov/37210042
https://doi.org/10.1038/s41591-023-02320-9
https://pubmed.ncbi.nlm.nih.gov/37142763


Jappe, Bergmann, Brinkmann, et al. 392

(ECZTRA 1 and ECZTRA 2). Br J Dermatol. 2021; 
184: 437-449. CrossRef PubMed

[40] Paller AS, Flohr C, Cork M, Bewley A, Blauvelt A, 
Hong HCH, Imafuku S, Schuttelaar MLA, Simpson 
EL, Soong W, Arlert P, Lophaven KW, Kurbasic A, 
Soldbro L, Vest NS, Wollenberg A. Efficacy and 
Safety of Tralokinumab in Adolescents With Mod-
erate to Severe Atopic Dermatitis: The Phase 3 
ECZTRA 6 Randomized Clinical Trial. JAMA Der-
matol. 2023; 159: 596-605. CrossRef PubMed

[41] Achten R, Dekkers C, Bakker D, van Luijk C, de 
Graaf M, van Wijk F, de Boer J, de Bruin-Weller M, 
Thijs J. Switching from dupilumab to tralokinum-
ab in atopic dermatitis patients with ocular sur-
face disease: Preliminary case series. Clin Exp Al-
lergy. 2023; 53: 586-589. CrossRef PubMed

[42] Silverberg JI, Guttman-Yassky E, Thaçi D, Irvine 
AD, Stein Gold L, Blauvelt A, Simpson EL, Chu CY, 
Liu Z, Gontijo Lima R, Pillai SG, Seneschal J; ADvo-
cate1 and ADvocate2 Investigators. Two Phase 3 
Trials of Lebrikizumab for Moderate-to-Severe 
Atopic Dermatitis. N Engl J Med. 2023; 388: 1080-
1091. CrossRef PubMed

[43] Blauvelt A, Thyssen JP, Guttman-Yassky E, Bieber 
T, Serra-Baldrich E, Simpson E, Rosmarin D, Elma-
raghy H, Meskimen E, Natalie CR, Liu Z, Xu C, 
Pierce E, Morgan-Cox M, Garcia Gil E, Silverberg 
JI. Efficacy and safety of lebrikizumab in moder-
ate-to-severe atopic dermatitis: 52-week results 
of two randomized double-blinded placebo-con-
trolled phase III trials. Br J Dermatol. 2023; 188: 
740-748. CrossRef PubMed

[44] Werfel T, Heratizadeh A, Aberer W, Augustin M, 
Biedermann T, Bauer A, Fölster-Holst R, Kahle J, 
Kinberger M, Nemat K, Neustädter I, Peters E, von 
Kiedrowski R, Schmid-Grendelmeier P, Schmitt J, 
Schwennesen T, Simon D, Spindler T, Traidl-Hoff-
mann C, Werner RN, et al. S3 Guideline Atopic 
dermatitis: Part 1 - General aspects, topical and 
non-drug therapies, special patient groups. J 
Dtsch Dermatol Ges. 2024; 22: 137-153. CrossRef 
PubMed

[45] Werfel T, Heratizadeh A, Aberer W, Augustin M, 
Biedermann T, Bauer A, Fölster-Holst R, Kahle J, 
Kinberger M, Nemat K, Neustädter I, Peters E, von 
Kiedrowski R, Schmid-Grendelmeier P, Schmitt J, 
Schwennesen T, Simon D, Spindler T, Traidl-Hoff-
mann C, Werner RN, et al. S3 guideline Atopic 
dermatitis: Part 2 - Systemic treatment. J Dtsch 
Dermatol Ges. 2024; 22: 307-320. CrossRef 
PubMed

[46] Harries L, Traidl S, Klespe KC, Werfel T. [Eczema 
and its treatment in older adults]. Dermatologie 
(Heidelb). 2023; 74: 678-686. PubMed 

[47] Traidl S, Heratizadeh A. [Modern systemic thera-
pies for atopic dermatitis: Which factors deter-
mine the choice of therapy?]. Dermatologie (Hei-
delb). 2022; 73: 529-537. PubMed 

[48] Müller S, Maintz L, Bieber T. Treatment of atopic 
dermatitis: Recently approved drugs and ad-
vanced clinical development programs. Allergy. 
2024; 79: 1501-1515. CrossRef  PubMed

[49] Kariyawasam HH, Chandrasekharan DP, Jacques 
T, Stokes P, Dziadzio M, Gane SB, Langan D, Rim-
mer J. Biologic treatment for severe chronic rhi-
nosinusitis with nasal polyps: a systematic review 
and meta-analysis. Rhinology. 2023; 61: 98-107. 
CrossRef PubMed

[50] Pfaar O, Beule AG, Laudien M, Stuck BA. erweit-
erte Leitliniengruppe‚ Biologika bei CRScNP. 
[Treatment of chronic rhinosinusitis with nasal 
polyps (CRSwNP) with monoclonal antibodies 
(biologics): S2k guideline of the German Society 
of Oto-Rhino-Laryngology, Head and Neck Sur-
gery (DGHNO-KHC), and the German College of 
General Practitioners and Family Physicians (DE-
GAM)]. HNO. 2023; 71: 256-263. CrossRef 
PubMed

[51] Klimek L, Förster-Ruhrmann U, Beule AG, Chaker 
AM, Hagemann J, Klimek F, Casper I, Huppertz T, 
Hoffmann TK, Dazert S, Deitmer T, Olze H, Strieth 
S, Wrede H, et al. Dokumentation von Biologika-
Therapien bei chronischer Rhinosinusitis mit Pol-
yposis nasi (CRSwNP): Dupilumab, Omalizumab 
und Mepolizumab: Empfehlungen des Ärztever-
bandes Deutscher Allergologen (AeDA) und der 
Deutschen Gesellschaft für HNO-Heilkunde, 
Kopf- und Halschirurgie (DGHNOKHC). Allergo J. 
2022; 31: 24-39.  CrossRef

[52] Fokkens WJ, Viskens AS, Backer V, Conti D, De 
Corso E, Gevaert P, Scadding GK, Wagemann M, 
Bernal-Sprekelsen M, Chaker A, Heffler E, Han JK, 
Van Staeyen E, Hopkins C, Mullol J, Peters A, Re-
itsma S, Senior BA, Hellings PW. EPOS/EUFOREA 
update on indication and evaluation of Biologics 
in Chronic Rhinosinusitis with Nasal Polyps 2023. 
Rhinology. 2023; 61: 194-202. CrossRef PubMed

[53] Klimek L, Förster-Ruhrmann U, Olze H, Beule AG, 
Chaker AM, Hagemann J, Huppertz T, Hoffmann 
TK, Dazert S, Deitmer T, Strieth S, Wrede H, Schl-
enter W, Welkoborsky HJ, Wollenberg B, Becker S, 
Klimek F, Sperl A, Casper I, Zuberbier J, Rudack C, 
Cuevas M, Hintschich CA, Guntinas-Lichius O, 
Stöver T, Bergmann C, Pfaar O, Gosepath J, 
Gröger M, Beutner C, Laudien M, Weber RK, 
Hildenbrand T, Hoffmann AS, Bachert C. Emp-
fehlungen zur Überprüfung der Wirksamkeit und 
Verlaufsdokumentation von Dupilumab bei chro-
nischer Rhinosinusitis mit Nasenpolypen 
(CRSwNP) im deutschen Gesundheitssystem. La-
ryngorhinootologie. 2022; 101: 855-865.  Cross-
Ref

[54] Klimek L, Förster-Ruhrmann U, Olze H, Beule AG, 
Chaker AM, Hagemann J, Huppertz T, Hoffmann 
TK, Dazert S, Deitmer T, Strieth S, Wrede H, Schl-
enter W, Welkoborsky HJ, Wollenberg B, Becker S, 
Bärhold F, Klimek F, Casper I, Zuberbier J, Rudack 
C, Cuevas M, Hintschich CA, Guntinas-Lichius O, 
Stöver T, Bergmann C, Werminghaus P, Pfaar O, 
Gosepath J, Gröger M, Beutner C, Laudien M, We-
ber RK, Hildenbrand T, Hoffmann AS, Bachert C. 
Empfehlungen zur Überprüfung der Wirksamkeit 
und Verlaufsdokumentation von Mepolizumab 
bei chronischer Rhinosinusitis mit Nasenpolypen 
(CRSwNP) im deutschen Gesundheitssystem – 
Empfehlungen des Ärzteverbandes Deutscher Al-
lergologen (AeDA) und der AGs Klinische Immu-
nologie, Allergologie und Umweltmedizin und 
Rhinologie und Rhinochirurgie der Deutschen 
Gesellschaft für HNO-Heilkunde, Kopf- und 
Halschirurgie (DGHNOKHC). Laryngorhinootolo-
gie. 2023; 102: 89-99. PubMed CrossRef

[55] De Corso E, Pasquini E, Trimarchi M, La Mantia I, 
Pagella F, Ottaviano G, Garzaro M, Pipolo C, Tor-
retta S, Seccia V, Cantone E, Ciofalo A, Lucidi D, 
Fadda GL, Pafundi PC, Settimi S, Montuori C, An-
astasi F, Pagliuca G, Ghidini A, et al; Dupireal Ital-citation

Jappe U, Bergmann K-C, 
Brinkmann F, Faihs V, Gülsen 
A, Klimek L, Renz H, Seurig S, 
Taube C, Traidl S, Treudler R, 

Wagenmann M, Werfel T, 
Worm M, Zuberbier T.

Biologics in allergology and 
clinical immunology: Update 

on therapies for atopic 
diseases, urticaria, and 

angioedema and on safety 
aspects focusing on 

hypersensitivity reactions.
Allergol Select.  

2024; 8: 365-406.
DOI 10.5414/ALX02533E

https://doi.org/10.1111/bjd.19574
https://pubmed.ncbi.nlm.nih.gov/33000465
https://doi.org/10.1001/jamadermatol.2023.0627
https://pubmed.ncbi.nlm.nih.gov/37074705
https://doi.org/10.1111/cea.14305
https://pubmed.ncbi.nlm.nih.gov/36924265
https://doi.org/10.1056/NEJMoa2206714
https://pubmed.ncbi.nlm.nih.gov/36920778
https://doi.org/10.1093/bjd/ljad022
https://pubmed.ncbi.nlm.nih.gov/36994947
https://doi.org/10.1111/ddg.15230
https://pubmed.ncbi.nlm.nih.gov/38171719
https://pubmed.ncbi.nlm.nih.gov/38171719
https://doi.org/10.1111/ddg.15229
https://pubmed.ncbi.nlm.nih.gov/38161245
https://pubmed.ncbi.nlm.nih.gov/38161245
https://pubmed.ncbi.nlm.nih.gov/37638989/
https://pubmed.ncbi.nlm.nih.gov/35648139/
https://doi.org/10.1111/all.16009
https://pubmed.ncbi.nlm.nih.gov/38186219
https://doi.org/10.4193/Rhin22.412
https://pubmed.ncbi.nlm.nih.gov/37023247
https://doi.org/10.1007/s00106-023-01273-2
https://pubmed.ncbi.nlm.nih.gov/36941387
https://pubmed.ncbi.nlm.nih.gov/36941387
https://doi.org/10.1007/s15007-022-5080-1
https://doi.org/10.4193/Rhin22.489
https://pubmed.ncbi.nlm.nih.gov/36999780
https://doi.org/10.1055/a-1908-3074
https://doi.org/10.1055/a-1908-3074
https://pubmed.ncbi.nlm.nih.gov/36750110/
https://doi.org/10.1055/a-2003-4730


Biologics in allergology and clinical immunology 393

ian Study Group. Dupilumab in the treatment of 
severe uncontrolled chronic rhinosinusitis with 
nasal polyps (CRSwNP): A multicentric observa-
tional Phase IV real-life study (DUPIREAL). Allergy. 
2023; 78: 2669-2683. CrossRef PubMed

[56] Fokkens WJ, De Corso E, Backer V, Bernal-
Sprekelsen M, Bjermer L, von Buchwald C, Chaker 
A, Diamant Z, Gevaert P, Han J, Hopkins C, Hox V, 
Klimek L, Lund VJ, Lee S, Luong A, Mullol J, Peters 
A, Pfaar O, Reitsma S, et al. EPOS2020/EUFOREA 
expert opinion on defining disease states and 
therapeutic goals in CRSwNP. Rhinology. 2024; 
62: 287-298. CrossRef PubMed

[57] van der Lans RJL, Otten JJ, Adriaensen GFJPM, 
Hoven DR, Benoist LB, Fokkens WJ, Reitsma S. 
Two-year results of tapered dupilumab for 
CRSwNP demonstrates enduring efficacy estab-
lished in the first 6 months. Allergy. 2023; 78: 
2684-2697. CrossRef PubMed

[58] Worm M, Reese I, Ballmer-Weber B, Beyer K, 
Bischoff SC, Bohle B, Brockow K, Claßen M, Fisch-
er PJ, Hamelmann E, Jappe U, Kleine-Tebbe J, 
Klimek L, Koletzko B, Lange L, Lau S, Lepp U, 
Mahler V, Nemat K, Raithel M, et al. Update of 
the S2k guideline on the management of IgE-me-
diated food allergies. Allergol Select. 2021; 5: 
195-243. CrossRef PubMed

[59] Zuberbier T, Wood RA, Bindslev-Jensen C, Fiocchi 
A, Chinthrajah RS, Worm M, Deschildre A, Fernan-
dez-Rivas M, Santos AF, Jaumont X, Tassinari P. 
Omalizumab in IgE-Mediated Food Allergy: A Sys-
tematic Review and Meta-Analysis. J Allergy Clin 
Immunol Pract. 2023; 11: 1134-1146. CrossRef 
PubMed

[60] Sampson HA, Leung DY, Burks AW, Lack G, Bahna 
SL, Jones SM, Wong DA. A phase II, randomized, 
doubleblind, parallelgroup, placebocontrolled 
oral food challenge trial of Xolair (omalizumab) in 
peanut allergy. J Allergy Clin Immunol. 2011; 127: 
1309-1310. CrossRef PubMed

[61] Schneider LC, Rachid R, LeBovidge J, Blood E, Mit-
tal M, Umetsu DT. A pilot study of omalizumab to 
facilitate rapid oral desensitization in high-risk 
peanut-allergic patients. J Allergy Clin Immunol. 
2013; 132: 1368-1374. CrossRef PubMed

[62] Nadeau KC, Schneider LC, Hoyte L, Borras I, Umet-
su DT. Rapid oral desensitization in combination 
with omalizumab therapy in patients with cow’s 
milk allergy. J Allergy Clin Immunol. 2011; 127: 
1622-1624. CrossRef PubMed

[63] Lafuente I, Mazon A, Nieto M, Uixera S, Pina R, 
Nieto A. Possible recurrence of symptoms after 
discontinuation of omalizumab in anti-IgE-assist-
ed desensitization to egg. Pediatr Allergy Immu-
nol. 2014; 25: 717-719. CrossRef PubMed

[64] Andorf S, Purington N, Kumar D, Long A, 
O’Laughlin KL, Sicherer S, Sampson H, Cianferoni 
A, Brown Whitehorn T, Petroni D, Makhija M, Ro-
bison RG, Lierl M, Logsdon S, Desai M, Galli S, 
Rael E, Assa’ad A, Chinthrajah S, Pongracic J, 
Spergel JM, Tam J, Tilles S, Wang J, Nadeau K. A 
Phase 2 Randomized Controlled Multisite Study 
Using Omalizumab-facilitated Rapid Desensitiza-
tion to Test Continued vs Discontinued Dosing in 
Multifood Allergic Individuals. EClinicalMedicine. 
2019; 7: 27-38. CrossRef

[65] Wood RA, Togias A, Sicherer SH, Shreffler WG, 
Kim EH, Jones SM, Leung DYM, Vickery BP, Bird JA, 
Spergel JM, Iqbal A, Olsson J, Ligueros-Saylan M, 

Uddin A, Calatroni A, Huckabee CM, Rogers NH, 
Yovetich N, Dantzer J, Mudd K, et al. Omalizumab 
for the Treatment of Multiple Food Allergies. N 
Engl J Med. 2024; 390: 889-899. CrossRef 
PubMed

[66] MacGinnitie AJ, Rachid R, Gragg H, Little SV, La-
kin P, Cianferoni A, Heimall J, Makhija M, Robi-
son R, Chinthrajah RS, Lee J, Lebovidge J, Domin-
guez T, Rooney C, Lewis MO, Koss J, Burke-Roberts 
E, Chin K, Logvinenko T, Pongracic JA, et al. 
Omalizumab facilitates rapid oral desensitiza-
tion for peanut allergy. J Allergy Clin Immunol. 
2017; 139: 873-881.e8. CrossRef PubMed

[67] Andorf S, Manohar M, Dominguez T, Block W, 
Tupa D, Kshirsagar RA, Sampath V, Chinthrajah 
RS, Nadeau KC. Observational long-term follow-
up study of rapid food oral immunotherapy with 
omalizumab. Allergy Asthma Clin Immunol. 2017; 
13: 51. CrossRef PubMed

[68] Casale TB, Fiocchi A, Greenhawt M. A practical 
guide for implementing omalizumab therapy for 
food allergy. J Allergy Clin Immunol. 2024; 159: 
1510-1517. CrossRef

[69] Spekhorst LS, van der Rijst LP, de Graaf M, van 
Megen M, Zuithoff NPA, Knulst AC, de Bruin-
Weller MS, Le TM. Dupilumab has a profound ef-
fect on specific-IgE levels of several food aller-
gens in atopic dermatitis patients. Allergy. 2023; 
78: 875-878. CrossRef PubMed

[70] Worm M, Reese I. Eosinophile Ösophagitis (EoE): 
Aktuelle Entwicklungen. Allergologie. 2024; 47: 
61-68.    

[71] Sindher SB, Barshow S, Tirumalasetty J, Arasi S, 
Atkins D, Bauer M, Bégin P, Collins MH, Deschildre 
A, Doyle AD, Fiocchi A, Furuta GT, Garcia-Lloret 
M, Mennini M, Rothenberg ME, Spergel JM, 
Wang J, Wood RA, Wright BL, Zuberbier T, et al. 
The role of biologics in pediatric food allergy and 
eosinophilic gastrointestinal disorders. J Allergy 
Clin Immunol. 2023; 151: 595-606. CrossRef 
PubMed

[72] Dressler C, Rosumeck S, Werner RN, Magerl M, 
Metz M, Maurer M, Nast A, Zuberbier T. The EAA-
CI/GA2 LEN/EDF/WAO guideline for the defini-
tion, classification, diagnosis and management of 
urticaria. The 2017 revision and update. Allergy. 
2018; 73: 1145-1146. CrossRef PubMed

[73] Kaplan A, Ledford D, Ashby M, Canvin J, Zazzali JL, 
Conner E, Veith J, Kamath N, Staubach P, Jakob T, 
Stirling RG, Kuna P, Berger W, Maurer M, Rosén K. 
Omalizumab in patients with symptomatic chron-
ic idiopathic/spontaneous urticaria despite stan-
dard combination therapy. J Allergy Clin Immu-
nol. 2013; 132: 101-109. CrossRef PubMed

[74] Saini SS, Bindslev-Jensen C, Maurer M, Grob JJ, 
Bülbül Baskan E, Bradley MS, Canvin J, Rahmaoui 
A, Georgiou P, Alpan O, Spector S, Rosén K. Effi-
cacy and safety of omalizumab in patients with 
chronic idiopathic/spontaneous urticaria who re-
main symptomatic on H1-antihistamines: a ran-
domized, placebo-controlled study. J Invest Der-
matol. 2015; 135: 925 CrossRef PubMed

[75] Maurer M, Rosén K, Hsieh HJ, Saini S, Grattan C, 
Gimenéz-Arnau A, Agarwal S, Doyle R, Canvin J, 
Kaplan A, Casale T. Omalizumab for the treat-
ment of chronic idiopathic or spontaneous urti-
caria. N Engl J Med. 2013; 368: 924-935. CrossRef 
PubMedcitation

Jappe U, Bergmann K-C, 
Brinkmann F, Faihs V, Gülsen 
A, Klimek L, Renz H, Seurig S, 
Taube C, Traidl S, Treudler R, 

Wagenmann M, Werfel T, 
Worm M, Zuberbier T.

Biologics in allergology and 
clinical immunology: Update 

on therapies for atopic 
diseases, urticaria, and 

angioedema and on safety 
aspects focusing on 

hypersensitivity reactions.
Allergol Select.  

2024; 8: 365-406.
DOI 10.5414/ALX02533E

https://doi.org/10.1111/all.15772
https://pubmed.ncbi.nlm.nih.gov/37203259
https://doi.org/10.4193/Rhin23.415
https://pubmed.ncbi.nlm.nih.gov/38217529
https://doi.org/10.1111/all.15796
https://pubmed.ncbi.nlm.nih.gov/37394895
https://doi.org/10.5414/ALX02257E
https://pubmed.ncbi.nlm.nih.gov/34263109
https://doi.org/10.1016/j.jaip.2022.11.036
https://pubmed.ncbi.nlm.nih.gov/36529441
https://pubmed.ncbi.nlm.nih.gov/36529441
https://doi.org/10.1016/j.jaci.2011.01.051
https://pubmed.ncbi.nlm.nih.gov/21397314
https://doi.org/10.1016/j.jaci.2013.09.046
https://pubmed.ncbi.nlm.nih.gov/24176117
https://doi.org/10.1016/j.jaci.2011.04.009
https://pubmed.ncbi.nlm.nih.gov/21546071
https://doi.org/10.1111/pai.12259
https://pubmed.ncbi.nlm.nih.gov/24902874
https://doi.org/10.1016/j.eclinm.2018.12.006
https://doi.org/10.1056/NEJMoa2312382
https://pubmed.ncbi.nlm.nih.gov/38407394
https://pubmed.ncbi.nlm.nih.gov/38407394
https://doi.org/10.1016/j.jaci.2016.08.010
https://pubmed.ncbi.nlm.nih.gov/27609658
https://doi.org/10.1186/s13223-017-0223-8
https://pubmed.ncbi.nlm.nih.gov/29296107
https://doi.org/10.1016/j.jaci.2024.03.019
https://doi.org/10.1111/all.15591
https://pubmed.ncbi.nlm.nih.gov/36420598
https://doi.org/10.1016/j.jaci.2023.01.007
https://pubmed.ncbi.nlm.nih.gov/36872039
https://pubmed.ncbi.nlm.nih.gov/36872039
https://doi.org/10.1111/all.13414
https://pubmed.ncbi.nlm.nih.gov/29336489
https://doi.org/10.1016/j.jaci.2013.05.013
https://pubmed.ncbi.nlm.nih.gov/23810097
https://doi.org/10.1038/jid.2014.512
https://pubmed.ncbi.nlm.nih.gov/25501032
https://doi.org/10.1056/NEJMoa1215372
https://pubmed.ncbi.nlm.nih.gov/23432142
https://pubmed.ncbi.nlm.nih.gov/23432142


Jappe, Bergmann, Brinkmann, et al. 394

[76] Vadasz Z, Tal Y, Rotem M, Shichter-Confino V, 
Mahlab-Guri K, Graif Y, Kessel A, Agmon-Levin N, 
Maoz-Segal R, Kivity S, Benor S, Lachover-Roth I, 
Zeldin Y, Stein M, Toker O, Hassoun G, Bezalel-
Rosenberg S, Toubi E, Asher I, Sthoeger Z; Israeli 
Forum for investigating and treating Chronic 
Spontaneous Urticaria (CSU). Omalizumab for se-
vere chronic spontaneous urticaria: Real-life ex-
periences of 280 patients. J Allergy Clin Immunol 
Pract. 2017; 5: 1743-1745. CrossRef PubMed

[77] Ghazanfar MN, Sand C, Thomsen SF. Effective-
ness and safety of omalizumab in chronic sponta-
neous or inducible urticaria: evaluation of 154 
patients. Br J Dermatol. 2016; 175: 404-406. 
CrossRef PubMed

[78] Zhao ZT, Ji CM, Yu WJ, Meng L, Hawro T, Wei JF, 
Maurer M. Omalizumab for the treatment of 
chronic spontaneous urticaria: A meta-analysis of 
randomized clinical trials. J Allergy Clin Immunol. 
2016; 137: 1742-1750. CrossRef PubMed

[79] Papaianni V, Guarneri F, Vaccaro M, Borgia F, 
Guarneri C, Cannavò SP. From regulatory limita-
tions to new opportunities: Real-life experience 
on the effectiveness of short courses of omali-
zumab in the treatment of chronic idiopatic urti-
caria. Dermatol Ther (Heidelb). 2019; 33: e13188. 
CrossRef PubMed

[80] Salman A, Comert E. The real-life effectiveness 
and safety of omalizumab updosing in patients 
with chronic spontaneous urticaria. J Cutan Med 
Surg. 2019; 23: 496-500. CrossRef PubMed

[81] Dressler C, Werner RN, Eisert L, Zuberbier T, Nast 
A, Maurer M. Chronic inducible urticaria: A sys-
tematic review of treatment options. J Allergy 
Clin Immunol. 2018; 141: 1726-1734. CrossRef 
PubMed

[82] Kessel A, Helou W, Bamberger E, Sabo E, Nusem 
D, Panassof J, Toubi E. Elevated serum total IgE – 
a potential marker for severe chronic urticaria. 
Int Arch Allergy Immunol. 2010; 153: 288-293. 
CrossRef PubMed

[83] Sánchez-Borges M, Capriles-Hulet A, Caballero-
Fonseca F, González-Aveledo L. Justification for 
IgE as a therapeutic target in chronic spontane-
ous urticaria. Eur Ann Allergy Clin Immunol. 
2017; 49: 148-153. CrossRef PubMed

[84] Zuberbier T, Ensina LF, Giménez-Arnau A, Grattan 
C, Kocatürk E, Kulthanan K, Kolkhir P, Maurer M. 
Chronic urticaria: unmet needs, emerging drugs, 
and new perspectives on personalised treatment. 
Lancet. 2024; 404: 393-404. CrossRef PubMed

[85] Gasser P, Tarchevskaya SS, Guntern P, Brigger D, 
Ruppli R, Zbären N, Kleinboelting S, Heusser C, 
Jardetzky TS, Eggel A. The mechanistic and func-
tional profile of the therapeutic anti-IgE antibody 
ligelizumab differs from omalizumab. Nat Com-
mun. 2020; 11: 165. CrossRef PubMed

[86] Maurer M, Casale TB, Saini SS, Ben-Shoshan M, 
Giménez-Arnau AM, Bernstein JA, Yagami A, Stj-
epanovic A, Radin A, Staudinger HW, Patel N, 
Amin N, Akinlade B, Fan C, Bauer D, Yancopoulos 
GD, Patel K, Mannent LP, Laws E. Dupilumab in 
patients with chronic spontaneous urticaria (LIB-
ERTY-CSU CUPID): Two randomized, double-
blind, placebo-controlled, phase 3 trials. J Allergy 
Clin Immunol. 2024; 154: 184-194. CrossRef 
PubMed

[87] Mendes-Bastos P, Brasileiro A, Kolkhir P, Frisch-
butter S, Scheffel J, Moñino-Romero S, Maurer M. 

Bruton’s tyrosine kinase inhibition-An emerging 
therapeutic strategy in immune-mediated der-
matological conditions. Allergy. 2022; 77: 2355-
2366. CrossRef PubMed

[88] Maurer M, Berger W, Giménez-Arnau A, Hayama 
K, Jain V, Reich A, Haemmerle S, Lheritier K, Walsh 
P, Xia S, Storim J. Remibrutinib, a novel BTK in-
hibitor, demonstrates promising efficacy and 
safety in chronic spontaneous urticaria. J Allergy 
Clin Immunol. 2022; 150: 1498-1506. CrossRef 
PubMed

[89] Jain V, Giménez-Arnau A, Hayama K, Reich A, Carr 
W, Tillinghast J, Dahale S, Lheritier K, Walsh P, 
Zharkov A, Hugot S, Haemmerle S. Remibrutinib 
demonstrates favorable safety profile and sus-
tained efficacy in chronic spontaneous urticaria 
over 52 weeks. J Allergy Clin Immunol. 2024; 153: 
479-486. CrossRef PubMed

[90] Gimeno R, Ribas-Llauradó C, Pesque D, Andrades 
E, Cenni B, Ambros B, Pujol R, Giménez-Arnau 
AM. Remibrutinib inhibits hives effector cells 
stimulated by serum from chronic urticaria pa-
tients independently of FcεR1 expression level 
and omalizumab clinical response. Clin Transl Al-
lergy. 2023; 13: e12227. CrossRef PubMed

[91] Maurer M, Magerl M, Betschel S, Aberer W, Anso-
tegui IJ, Aygören-Pürsün E, Banerji A, Bara NA, 
Boccon-Gibod I, Bork K, Bouillet L, Boysen HB, 
Brodszki N, Busse PJ, Bygum A, Caballero T, Can-
cian M, Castaldo A, Cohn DM, Csuka D, et al. The 
international WAO/EAACI guideline for the man-
agement of hereditary angioedema-The 2021 re-
vision and update. Allergy. 2022; 77: 1961-1990. 
CrossRef PubMed

[92] Maurer M, Aberer W, Caballero T, Bouillet L, Gru-
mach AS, Botha J, Andresen I, Longhurst HJ; IOS 
Study Group. The Icatibant Outcome Survey: 
10 years of experience with icatibant for patients 
with hereditary angioedema. Clin Exp Allergy. 
2022; 52: 1048-1058. CrossRef PubMed

[93] Riedl MA, Aygören-Pürsün E, Baker J, Farkas H, 
Anderson J, Bernstein JA, Bouillet L, Busse P, Man-
ning M, Magerl M, Gompels M, Huissoon AP, Lon-
ghurst H, Lumry W, Ritchie B, Shapiro R, Soteres 
D, Banerji A, Cancian M, Johnston DT, et al. Evalu-
ation of avoralstat, an oral kallikrein inhibitor, in a 
Phase 3 hereditary angioedema prophylaxis trial: 
The OPuS-2 study. Allergy. 2018; 73: 1871-1880. 
CrossRef PubMed

[94] Tachdjian R, Savic S, Fridman M, Frade JP, Fase-
hun M, Audhya PK. Real-world reporting rates of 
administration-site reactions with on-demand 
treatment of hereditary angioedema attacks. Al-
lergy Asthma Proc. 2024; 45: 37-43. CrossRef 
PubMed

[95] Riedl MA, Bernstein JA, Craig T, Banerji A, Magerl 
M, Cicardi M, Longhurst HJ, Shennak MM, Yang 
WH, Schranz J, Baptista J, Busse PJ. An open-label 
study to evaluate the long-term safety and effi-
cacy of lanadelumab for prevention of attacks in 
hereditary angioedema: design of the HELP study 
extension. Clin Transl Allergy. 2017; 7: 36. Cross-
Ref PubMed

[96] Banerji A, Busse P, Shennak M, Lumry W, Davis-
Lorton M, Wedner HJ, Jacobs J, Baker J, Bernstein 
JA, Lockey R, Li HH, Craig T, Cicardi M, Riedl M, 
Al-Ghazawi A, Soo C, Iarrobino R, Sexton DJ, Ten-
Hoor C, Kenniston JA, et al. Inhibiting plasma kal-
likrein for hereditary angioedema prophylaxis. N citation

Jappe U, Bergmann K-C, 
Brinkmann F, Faihs V, Gülsen 
A, Klimek L, Renz H, Seurig S, 
Taube C, Traidl S, Treudler R, 

Wagenmann M, Werfel T, 
Worm M, Zuberbier T.

Biologics in allergology and 
clinical immunology: Update 

on therapies for atopic 
diseases, urticaria, and 

angioedema and on safety 
aspects focusing on 

hypersensitivity reactions.
Allergol Select.  

2024; 8: 365-406.
DOI 10.5414/ALX02533E

https://doi.org/10.1016/j.jaip.2017.08.035
https://pubmed.ncbi.nlm.nih.gov/28988786
https://doi.org/10.1111/bjd.14540
https://pubmed.ncbi.nlm.nih.gov/26972689
https://doi.org/10.1016/j.jaci.2015.12.1342
https://pubmed.ncbi.nlm.nih.gov/27040372
https://doi.org/10.1111/dth.13188
https://pubmed.ncbi.nlm.nih.gov/31837248
https://doi.org/10.1177/1203475419847956
https://pubmed.ncbi.nlm.nih.gov/31030540
https://doi.org/10.1016/j.jaci.2018.01.031
https://pubmed.ncbi.nlm.nih.gov/29438771
https://pubmed.ncbi.nlm.nih.gov/29438771
https://doi.org/10.1159/000314370
https://pubmed.ncbi.nlm.nih.gov/20484928
https://doi.org/10.23822/EurAnnACI.1764-1489.02
https://pubmed.ncbi.nlm.nih.gov/28752717
https://doi.org/10.1016/S0140-6736(24)00852-3
https://pubmed.ncbi.nlm.nih.gov/39004090
https://doi.org/10.1038/s41467-019-13815-w
https://pubmed.ncbi.nlm.nih.gov/31913280
https://doi.org/10.1016/j.jaci.2024.01.028
https://pubmed.ncbi.nlm.nih.gov/38431226
https://pubmed.ncbi.nlm.nih.gov/38431226
https://doi.org/10.1111/all.15261
https://pubmed.ncbi.nlm.nih.gov/35175630
https://doi.org/10.1016/j.jaci.2022.08.027
https://pubmed.ncbi.nlm.nih.gov/36096203
https://pubmed.ncbi.nlm.nih.gov/36096203
https://doi.org/10.1016/j.jaci.2023.10.007
https://pubmed.ncbi.nlm.nih.gov/37866460
https://doi.org/10.1002/clt2.12227
https://pubmed.ncbi.nlm.nih.gov/36973953
https://doi.org/10.1111/all.15214
https://pubmed.ncbi.nlm.nih.gov/35006617
https://doi.org/10.1111/cea.14206
https://pubmed.ncbi.nlm.nih.gov/35861129
https://doi.org/10.1111/all.13466
https://pubmed.ncbi.nlm.nih.gov/29688579
https://doi.org/10.2500/aap.2024.45.230073
https://pubmed.ncbi.nlm.nih.gov/37993116
https://pubmed.ncbi.nlm.nih.gov/37993116
https://doi.org/10.1186/s13601-017-0172-9
https://doi.org/10.1186/s13601-017-0172-9
https://pubmed.ncbi.nlm.nih.gov/29043014


Biologics in allergology and clinical immunology 395

Engl J Med. 2017; 376: 717-728. CrossRef 
PubMed

[97] Beard N, Frese M, Smertina E, Mere P, Katelaris C, 
Mills K. Interventions for the long-term preven-
tion of hereditary angioedema attacks. Cochrane 
Database Syst Rev. 2022; 11: CD013403. PubMed

[98] Maurer M, Lumry WR, Li HH, Aygören-Pürsün E, 
Busse PJ, Jacobs J, Nurse C, Ahmed MA, Watt M, 
Yu M, Yang WH, Aygören-Pürsün E, Martinez-Sa-
guer I, Maurer M, Farkas H, Perosa M, Bernstein J, 
Busse P, Jacobs JS, Li HH, et al; SPRING Investiga-
tors. Lanadelumab in Patients 2 to Less Than 12 
Years Old With Hereditary Angioedema: Results 
From the Phase 3 SPRING Study. J Allergy Clin Im-
munol Pract. 2024; 12: 201-211. CrossRef 
PubMed

[99] Craig TJ, Levy DS, Reshef A, Lumry WR, Martinez-
Saguer I, Jacobs JS, Yang WH, Ritchie B, Aygören-
Pürsün E, Keith PK, Busse P, Feuersenger H, Alex-
andru Bica M, Jacobs I, Pragst I, Magerl M. 
Garadacimab for hereditary angioedema attack 
prevention: long-term efficacy, quality of life, and 
safety data from a phase 2, randomised, open-
label extension study. Lancet Haematol. 2024; 
11: e436-e447. CrossRef PubMed

[100] Pichler WJ. Adverse side-effects to biological 
agents. Allergy. 2006; 61: 912-920. CrossRef 
PubMed

[101] Al-Janabi A, Foulkes AC, Mason K, Smith CH, 
Griffiths CEM, Warren RB. Phenotypic switch to 
eczema in patients receiving biologics for plaque 
psoriasis: a systematic review. J Eur Acad Derma-
tol Venereol. 2020; 34: 1440-1448. CrossRef 
PubMed

[102] Husein-ElAhmed H, Steinhoff M. Bullous pemphi-
goid induced by biologic drugs in psoriasis: a sys-
tematic review. J Dermatolog Treat. 2022; 33: 
2886-2893. CrossRef PubMed

[103] Casale F, Nguyen C, Dobry A, Smith J, Mesinkovs-
ka NA. Dupilumab-associated psoriasis and pso-
riasiform dermatitis in patients with atopic der-
matitis. Australas J Dermatol. 2022; 63: 394-397. 
CrossRef PubMed

[104] Murphy MJ, Cohen JM, Vesely MD, Damsky W. 
Paradoxical eruptions to targeted therapies in 
dermatology: A systematic review and analysis. J 
Am Acad Dermatol. 2022; 86: 1080-1091. Cross-
Ref PubMed

[105] Neagu N, Dianzani C, Avallone G, Dell’Aquila C, 
Morariu SH, Zalaudek I, Conforti C. Dupilumab 
ocular side effects in patients with atopic derma-
titis: a systematic review. J Eur Acad Dermatol 
Venereol. 2022; 36: 820-835. CrossRef PubMed

[106] Joshi SR, Khan DA. Anaphylaxis induced by biolog-
ics. Curr Treat Options Allergy. 2019; 6: 125-141. 
CrossRef

[107] Gülsen A, Wedi B, Jappe U. Hypersensitivity reac-
tions to biologics (part I): allergy as an important 
differential diagnosis in complex immune-derived 
adverse events. Allergo J Int. 2020; 29: 97-125. 
CrossRef PubMed

[108] Gülsen A, Wedi B, Jappe U. Hypersensitivity reac-
tions to biologics (part II): Classifications and cur-
rent diagnostic and treatment approaches. Aller-
go J Int. 2020; 29: 139-154. CrossRef

[109] Chung CH, Mirakhur B, Chan E, Le QT, Berlin J, 
Morse M, Murphy BA, Satinover SM, Hosen J, 
Mauro D, Slebos RJ, Zhou Q, Gold D, Hatley T, 
Hicklin DJ, Platts-Mills TA. Cetuximab-induced 

anaphylaxis and IgE specific for galactose-al-
pha-1,3-galactose. N Engl J Med. 2008; 358: 
1109-1117. CrossRef PubMed

[110] Chitnavis M, Stein DJ, Commins S, Schuyler AJ, 
Behm B. First-dose anaphylaxis to infliximab: a 
case of mammalian meat allergy. J Allergy Clin 
Immunol Pract. 2017; 5: 1425-1426. CrossRef 
PubMed

[111] Jappe U, Minge S, Kreft B, Ludwig A, Przybilla B, 
Walker A, Varga R, Seidel P, Biedermann T, Anemül-
ler W, Kromminga A, Ruëff F, Merk H, Wagner N, 
Treudler R, Worm M, Waldmann I, Saloga J, Becker 
WM, Goldmann T, et al. Meat allergy associated 
with galactosyl-α-(1,3)-galactose (α-Gal)-Closing 
diagnostic gaps by anti-α-Gal IgE immune profiling. 
Allergy. 2018; 73: 93-105. CrossRef PubMed

[112] Steinke JW, Platts-Mills TA, Commins SP. The al-
pha-gal story: lessons learned from connecting 
the dots. J Allergy Clin Immunol. 2015; 135: 589-
596, quiz 597. CrossRef PubMed

[113] Weiss J, Grilley Olson J, Deal AM, Chera B, 
Weissler M, Murphy BA, Hayes DN, Gilbert J. Us-
ing the galactose-α-1,3-galactose enzyme-linked 
immunosorbent assay to predict anaphylaxis in 
response to cetuximab. Cancer. 2016; 122: 1697-
1701. CrossRef PubMed

[114] Vultaggio A, Matucci A, Nencini F, Pratesi S, Par-
ronchi P, Rossi O, Romagnani S, Maggi E. Anti-inf-
liximab IgE and non-IgE antibodies and induction 
of infusion-related severe anaphylactic reactions. 
Allergy. 2010; 65: 657-661. CrossRef PubMed

[115] Matucci A, Pratesi S, Petroni G, Nencini F, Virgili 
G, Milla M, Maggi E, Vultaggio A. Allergological in 
vitro and in vivo evaluation of patients with hy-
persensitivity reactions to infliximab. Clin Exp Al-
lergy. 2013; 43: 659-664. CrossRef PubMed

[116] Vultaggio A, Perlato M, Nencini F, Vivarelli E, 
Maggi E, Matucci A. How to Prevent and Mitigate 
Hypersensitivity Reactions to Biologicals Induced 
by Anti-Drug Antibodies? Front Immunol. 2021; 
12: 765747. CrossRef PubMed

[117] Svenson M, Geborek P, Saxne T, Bendtzen K. Mon-
itoring patients treated with anti-TNF-alpha bio-
pharmaceuticals: assessing serum infliximab and 
anti-infliximab antibodies. Rheumatology (Ox-
ford). 2007; 46: 1828-1834. CrossRef PubMed

[118] Hwang SH, Yoo H-S, Yoon MK, Park H-S. Detection 
of IgE binding component to infliximab in a pa-
tient with infliximab-induced anaphylaxis. Ann 
Allergy Asthma Immunol. 2014; 112: 393-394. 
CrossRef PubMed

[119] Treudler R, Delaroque N, Puder M, Simon JC, 
Szardenings M. Dupilumab-induced serum sick-
ness-like reaction: an unusual adverse effect in a 
patient with atopic eczema. J Eur Acad Dermatol 
Venereol. 2020; 35: e30-e32. CrossRef PubMed

[120] Gheisari M, Safari Giv T, Pourgholi E, Zaresharifi S. 
Rituximab-induced serum sickness in immuno-
bullous disorders: A case series. Clin Case Rep. 
2024; 12: e9152. CrossRef PubMed

[121] Homann A, Röckendorf N, Kromminga A, Frey A, 
Jappe U. Immunogenic infliximab epitopes located 
in TNF-alpha binding regions with no cross-reactiv-
ity to adalimumab. J Transl Med. 2015; 13: 339. 
CrossRef PubMed

[122] Homann A, Röckendorf N, Kromminga A, Frey A, 
Platts-Mills TA, Jappe U. Distinct glycan and pep-
tide IgE epitopes of the TNF-alpha blockers inflix-
imab and adalimumab – precision diagnostics by citation

Jappe U, Bergmann K-C, 
Brinkmann F, Faihs V, Gülsen 
A, Klimek L, Renz H, Seurig S, 
Taube C, Traidl S, Treudler R, 

Wagenmann M, Werfel T, 
Worm M, Zuberbier T.

Biologics in allergology and 
clinical immunology: Update 

on therapies for atopic 
diseases, urticaria, and 

angioedema and on safety 
aspects focusing on 

hypersensitivity reactions.
Allergol Select.  

2024; 8: 365-406.
DOI 10.5414/ALX02533E

https://doi.org/10.1056/NEJMoa1605767
https://pubmed.ncbi.nlm.nih.gov/28225674
https://pubmed.ncbi.nlm.nih.gov/28225674
https://pubmed.ncbi.nlm.nih.gov/36326435
https://doi.org/10.1016/j.jaip.2023.09.009
https://pubmed.ncbi.nlm.nih.gov/37730089
https://pubmed.ncbi.nlm.nih.gov/37730089
https://doi.org/10.1016/S2352-3026(24)00081-4
https://pubmed.ncbi.nlm.nih.gov/38710185
https://doi.org/10.1111/j.1398-9995.2006.01058.x
https://pubmed.ncbi.nlm.nih.gov/16867042
https://pubmed.ncbi.nlm.nih.gov/16867042
https://doi.org/10.1111/jdv.16246
https://pubmed.ncbi.nlm.nih.gov/31997406
https://pubmed.ncbi.nlm.nih.gov/31997406
https://doi.org/10.1080/09546634.2022.2089331
https://pubmed.ncbi.nlm.nih.gov/35694729
https://doi.org/10.1111/ajd.13846
https://pubmed.ncbi.nlm.nih.gov/35460570
https://doi.org/10.1016/j.jaad.2020.12.010
https://doi.org/10.1016/j.jaad.2020.12.010
https://pubmed.ncbi.nlm.nih.gov/33307146
https://doi.org/10.1111/jdv.17981
https://pubmed.ncbi.nlm.nih.gov/35122335
https://doi.org/10.1007/s40521-019-00207-0
https://doi.org/10.1007/s40629-020-00126-6
https://pubmed.ncbi.nlm.nih.gov/32421085
https://doi.org/10.1007/s40629-020-00127-5
https://doi.org/10.1056/NEJMoa074943
https://pubmed.ncbi.nlm.nih.gov/18337601
https://doi.org/10.1016/j.jaip.2017.04.044
https://pubmed.ncbi.nlm.nih.gov/28634101
https://pubmed.ncbi.nlm.nih.gov/28634101
https://doi.org/10.1111/all.13238
https://pubmed.ncbi.nlm.nih.gov/28670695
https://doi.org/10.1016/j.jaci.2014.12.1947
https://pubmed.ncbi.nlm.nih.gov/25747720
https://doi.org/10.1002/cncr.29978
https://pubmed.ncbi.nlm.nih.gov/26989991
https://doi.org/10.1111/j.1398-9995.2009.02280.x
https://pubmed.ncbi.nlm.nih.gov/19951375
https://doi.org/10.1111/cea.12098
https://pubmed.ncbi.nlm.nih.gov/23711128
https://doi.org/10.3389/fimmu.2021.765747
https://pubmed.ncbi.nlm.nih.gov/34790200
https://doi.org/10.1093/rheumatology/kem261
https://pubmed.ncbi.nlm.nih.gov/18032541
https://doi.org/10.1016/j.anai.2014.02.001
https://pubmed.ncbi.nlm.nih.gov/24583135
https://doi.org/10.1111/jdv.16782
https://pubmed.ncbi.nlm.nih.gov/32594596
https://doi.org/10.1002/ccr3.9152
https://pubmed.ncbi.nlm.nih.gov/38979086
https://doi.org/10.1186/s12967-015-0706-7
https://pubmed.ncbi.nlm.nih.gov/26511203


Jappe, Bergmann, Brinkmann, et al. 396

cross-reactivity immune profiling of patient sera. 
Theranostics. 2017; 7: 4699-4709. CrossRef 
PubMed

[123] Manso L, Polo B, Fernández-Nieto M, Sastre LB, 
del Pozo V, Sastre J. Basophil activation test in a 
case of systemic hypersensitivity reaction to inf-
liximab with good tolerance to another anti-TNF-
alpha agent (adalimumab). J Investig Allergol Clin 
Immunol. 2010; 20: 537-538. PubMed

[124] Zhao Q, Liu T, Sun L, Ogese MO, Liu G, Liu H, 
Zhang F. Basophil activation test in diagnosis of 
immediate hypersensitivity reactions to IL-17A 
inhibitors. J Eur Acad Dermatol Venereol. 2024; 
38: e404-e406. CrossRef Published online No-
vember 27, 2023. PubMed

[125] Corominas M, Gastaminza G, Lobera T. Hyper-
sensitivity reactions to biological drugs. J Investig 
Allergol Clin Immunol. 2014; 24: 212-225, quiz 
1p, 225. PubMed

[126] Kaine JL, Kivitz AJ, Birbara C, Luo AY. Immune re-
sponses following administration of influenza 
and pneumococcal vaccines to patients with 
rheumatoid arthritis receiving adalimumab. J 
Rheumatol. 2007; 34: 272-279. PubMed

[127] Kapetanovic MC, Saxne T, Nilsson JA, Geborek P. 
Influenza vaccination as model for testing im-
mune modulation induced by anti-TNF and meth-
otrexate therapy in rheumatoid arthritis patients. 
Rheumatology (Oxford). 2007; 46: 608-611. 
CrossRef PubMed

[128] Gelinck LB, van der Bijl AE, Beyer WE, Visser LG, 
Huizinga TW, van Hogezand RA, Rimmelzwaan 
GF, Kroon FP. The effect of anti-tumour necrosis 
factor alpha treatment on the antibody response 
to influenza vaccination. Ann Rheum Dis. 2008; 
67: 713-716. CrossRef PubMed

[129] Salemi S, Picchianti-Diamanti A, Germano V, Do-
natelli I, Di Martino A, Facchini M, Nisini R, Biselli 
R, Ferlito C, Podestà E, Cappella A, Milanetti F, 
Rossi F, Amodeo R, Tabacco F, Di Rosa R, Laganà 
B, D Amelio R. Influenza vaccine administration in 
rheumatoid arthritis patients under treatment 
with TNFalpha blockers: safety and immunoge-
nicity. Clin Immunol. 2010; 134: 113-120. Cross-
Ref PubMed

[130] Elkayam O, Bashkin A, Mandelboim M, Litinsky I, 
Comaheshter D, Levartovsky D, Mendelson E, 
Wigler I, Caspi D, Paran D. The effect of infliximab 
and timing of vaccination on the humoral re-
sponse to influenza vaccination in patients with 
rheumatoid arthritis and ankylosing spondylitis. 
Semin Arthritis Rheum. 2010; 39: 442-447. Cross-
Ref PubMed

[131] Kubota T, Nii T, Nanki T, Kohsaka H, Harigai M, Ko-
mano Y, Sugihara T, Nonomura Y, Hirose W, Naga-
saka K, Sakurai T, Miyasaka N. Anti-tumor necro-
sis factor therapy does not diminish the immune 
response to influenza vaccine in Japanese pa-
tients with rheumatoid arthritis. Mod Rheuma-
tol. 2007; 17: 531-533. CrossRef PubMed

[132] França IL, Ribeiro AC, Aikawa NE, Saad CG, 
Moraes JC, Goldstein-Schainberg C, Laurindo IM, 
Precioso AR, Ishida MA, Sartori AM, Silva CA, 
Bonfa E. TNF blockers show distinct patterns of 
immune response to the pandemic influenza A 
H1N1 vaccine in inflammatory arthritis patients. 
Rheumatology (Oxford). 2012; 51: 2091-2098. 
CrossRef PubMed

[133] Salinas GF, De Rycke L, Barendregt B, Paramarta 
JE, Hreggvidsdottir H, Cantaert T, van der Burg M, 
Tak PP, Baeten D. Anti-TNF treatment blocks the 
induction of T cell-dependent humoral respons-
es. Ann Rheum Dis. 2013; 72: 1037-1043. Cross-
Ref PubMed

[134] Liang Y, Meng FY, Pan HF, Ye DQ. A literature re-
view on the patients with autoimmune diseases 
following vaccination against infections. Hum 
Vaccin Immunother. 2015; 11: 2274-2280. Cross-
Ref PubMed

[135] Abreu C, Sarmento A, Magro F. Screening, pro-
phylaxis and counselling before the start of bio-
logical therapies: A practical approach focused on 
IBD patients. Dig Liver Dis. 2017; 49: 1289-1297. 
CrossRef PubMed

[136] Bingham CO III, Looney RJ, Deodhar A, Halsey N, 
Greenwald M, Codding C, Trzaskoma B, Martin F, 
Agarwal S, Kelman A. Immunization responses in 
rheumatoid arthritis patients treated with ritux-
imab: results from a controlled clinical trial. Ar-
thritis Rheum. 2010; 62: 64-74. CrossRef PubMed

[137] Heijstek MW, Ott de Bruin LM, Bijl M, Borrow R, 
van der Klis F, Koné-Paut I, Fasth A, Minden K, 
Ravelli A, Abinun M, Pileggi GS, Borte M, Wul-
ffraat NM; EULAR. EULAR recommendations for 
vaccination in paediatric patients with rheumatic 
diseases. Ann Rheum Dis. 2011; 70: 1704-1712. 
CrossRef PubMed

[138] Groot N, Heijstek MW, Wulffraat NM. Vaccina-
tions in paediatric rheumatology: an update on 
current developments. Curr Rheumatol Rep. 
2015; 17: 46. CrossRef PubMed

[139] Furer V, Rondaan C, Heijstek MW, Agmon-Levin N, 
van Assen S, Bijl M, Breedveld FC, D’Amelio R, 
Dougados M, Kapetanovic MC, van Laar JM, de 
Thurah A, Landewé RB, Molto A, Müller-Ladner U, 
Schreiber K, Smolar L, Walker J, Warnatz K, Wul-
ffraat NM, et al. 2019 update of EULAR recom-
mendations for vaccination in adult patients with 
autoimmune inflammatory rheumatic diseases. 
Ann Rheum Dis. 2020; 79: 39-52. CrossRef 
PubMed

[140] Blauvelt A, Simpson EL, Tyring SK, Purcell LA, Shu-
mel B, Petro CD, Akinlade B, Gadkari A, Eckert L, 
Graham NMH, Pirozzi G, Evans R. Dupilumab 
does not affect correlates of vaccine-induced im-
munity: A randomized, placebo-controlled trial in 
adults with moderate-to-severe atopic dermati-
tis. J Am Acad Dermatol. 2019; 80: 158-167.e1. 
CrossRef PubMed

[141] Merola JF, Bagel J, Almgren P, Røpke MA, Lophav-
en KW, Vest NS, Grewal P. Tralokinumab does not 
impact vaccine-induced immune responses: Re-
sults from a 30-week, randomized, placebo-con-
trolled trial in adults with moderate-to-severe 
atopic dermatitis. J Am Acad Dermatol. 2021; 85: 
71-78. CrossRef PubMed

[142] Soung J, Laquer V, Merola JF, Moore A, Elmaraghy 
H, Hu C, Piruzeli MLB, Pierce E, Garcia Gil E, Jarell 
AD. The Impact of Lebrikizumab on Vaccine-In-
duced Immune Responses: Results from a 
Phase 3 Study in Adult Patients with Moderate-
to-Severe Atopic Dermatitis. Dermatol Ther (Hei-
delb). 2024; 14: 2181-2193. CrossRef PubMed

[143] Zeitlin PL, Leong M, Cole J, Mallory RM, Shih VH, 
Olsson RF, Goldman M; ALIZE study investigators. 
Benralizumab does not impair antibody response 
to seasonal influenza vaccination in adolescent citation

Jappe U, Bergmann K-C, 
Brinkmann F, Faihs V, Gülsen 
A, Klimek L, Renz H, Seurig S, 
Taube C, Traidl S, Treudler R, 

Wagenmann M, Werfel T, 
Worm M, Zuberbier T.

Biologics in allergology and 
clinical immunology: Update 

on therapies for atopic 
diseases, urticaria, and 

angioedema and on safety 
aspects focusing on 

hypersensitivity reactions.
Allergol Select.  

2024; 8: 365-406.
DOI 10.5414/ALX02533E

https://doi.org/10.7150/thno.20654
https://pubmed.ncbi.nlm.nih.gov/29187897
https://pubmed.ncbi.nlm.nih.gov/29187897
https://pubmed.ncbi.nlm.nih.gov/21243942
https://doi.org/10.1111/jdv.19631
https://pubmed.ncbi.nlm.nih.gov/38010028
https://pubmed.ncbi.nlm.nih.gov/25219103
https://pubmed.ncbi.nlm.nih.gov/17304653
https://doi.org/10.1093/rheumatology/kel366
https://pubmed.ncbi.nlm.nih.gov/17114801
https://doi.org/10.1136/ard.2007.077552
https://pubmed.ncbi.nlm.nih.gov/17965123
https://doi.org/10.1016/j.clim.2009.09.014
https://doi.org/10.1016/j.clim.2009.09.014
https://pubmed.ncbi.nlm.nih.gov/19846344
https://doi.org/10.1016/j.semarthrit.2008.12.002
https://doi.org/10.1016/j.semarthrit.2008.12.002
https://pubmed.ncbi.nlm.nih.gov/19246078
https://doi.org/10.3109/s10165-007-0632-5
https://pubmed.ncbi.nlm.nih.gov/18084712
https://doi.org/10.1093/rheumatology/kes202
https://pubmed.ncbi.nlm.nih.gov/22908326
https://doi.org/10.1136/annrheumdis-2011-201270
https://doi.org/10.1136/annrheumdis-2011-201270
https://pubmed.ncbi.nlm.nih.gov/22968102
https://doi.org/10.1080/21645515.2015.1009337
https://doi.org/10.1080/21645515.2015.1009337
https://pubmed.ncbi.nlm.nih.gov/25875802
https://doi.org/10.1016/j.dld.2017.09.002
https://pubmed.ncbi.nlm.nih.gov/28986117
https://doi.org/10.1002/art.25034
https://pubmed.ncbi.nlm.nih.gov/20039397
https://doi.org/10.1136/ard.2011.150193
https://pubmed.ncbi.nlm.nih.gov/21813547
https://doi.org/10.1007/s11926-015-0519-y
https://pubmed.ncbi.nlm.nih.gov/26025339
https://doi.org/10.1136/annrheumdis-2019-215882
https://pubmed.ncbi.nlm.nih.gov/31413005
https://pubmed.ncbi.nlm.nih.gov/31413005
https://doi.org/10.1016/j.jaad.2018.07.048
https://pubmed.ncbi.nlm.nih.gov/30092324
https://doi.org/10.1016/j.jaad.2021.03.032
https://pubmed.ncbi.nlm.nih.gov/33744356
https://doi.org/10.1007/s13555-024-01217-w
https://pubmed.ncbi.nlm.nih.gov/39009804


Biologics in allergology and clinical immunology 397

and young adult patients with moderate to se-
vere asthma: results from the Phase IIIb ALIZE 
trial. J Asthma Allergy. 2018; 11: 181-192. Cross-
Ref PubMed

[144] Wang C, Rademaker M, Tate B, Baker C, Foley P. 
SARS-CoV-2 (COVID-19) vaccination in dermatol-
ogy patients on immunomodulatory and biologic 
agents: Recommendations from the Australasian 
Medical Dermatology Group. Australas J Derma-
tol. 2021; 62: 151-156. CrossRef PubMed

[145] Runnstrom MC, Lamothe PA, Faliti CE, Cheedarla 
N, Moreno A, Suthar MS, Nahata R, Ravindran M, 
Haddad NS, Morrison-Porter A, Quehl H, Ra-
monell RP, Woodruff M, Anam F, Zhang R, Swen-
son C, Polito C, Neveu W, Patel R, Smirnova N, et 
al. Patients taking benralizumab, dupilumab, or 
mepolizumab have lower postvaccination SARS-
CoV-2 immunity. J Allergy Clin Immunol. 2024; 
154: 435-446. CrossRef PubMed

[146] Barbaud A, Garvey LH, Arcolaci A, Brockow K, 
Mori F, Mayorga C, Bonadonna P, Atanaskovic-
Markovic M, Moral L, Zanoni G, Pagani M, Soria 
A, Jošt M, Caubet JC, Carmo A, Mona AA, Alvarez-
Perea A, Bavbek S, Benedetta B, Bilo MB, et al. 
Allergies and COVID-19 vaccines: An ENDA/EAACI 
Position paper. Allergy. 2022; 77: 2292-2312. 
CrossRef PubMed

[147] Klimek L, Agache I, Cooke E, Jutel M, Akdis CA, 
O’Hehir R. COVID-19 vaccines-The way forward. 
Allergy. 2022; 77: 15-16. CrossRef PubMed

[148] Klimek L, Pfaar O, Worm M, Eiwegger T, Hage-
mann J, Ollert M, Untersmayr E, Hoffmann-Som-
mergruber K, Vultaggio A, Agache I, Bavbek S, 
Bossios A, Casper I, Chan S, Chatzipetrou A, Vo-
gelberg C, Firinu D, Kauppi P, Kolios A, Kothari A, 
et al. Use of biologicals in allergic and type-2 in-
flammatory diseases during the current COV-
ID-19 pandemic: Position paper of Ärzteverband 
Deutscher Allergologen (AeDA)A, Deutsche Ge-
sellschaft für Allergologie und Klinische Immu-
nologie (DGAKI)B, Gesellschaft für Pädiatrische 
Allergologie und Umweltmedizin (GPA)C, Öster-
reichische Gesellschaft für Allergologie und Im-
munologie (ÖGAI)D, Luxemburgische Gesellschaft 
für Allergologie und Immunologie (LGAI)E, Öster-
reichische Gesellschaft für Pneumologie (ÖGP)F 
in co-operation with the German, Austrian, and 
Swiss ARIA groupsG, and the European Academy 
of Allergy and Clinical Immunology (EAACI)H. Al-
lergol Select. 2020; 4: 53-68. CrossRef PubMed

[149] Hendrick J, Ma JZ, Haughey HM, Coleman R, Nay-
ak U, Kadl A, Sturek JM, Jackson P, Young MK, Al-
len JE, Petri WA. Pulmonary Function and Survival 
1 Year After Dupilumab Treatment of Acute Mod-
erate to Severe Coronavirus Disease 2019: A Fol-
low-up Study From a Phase 2a Trial. Open Forum 
Infect Dis. 2024; 11: ofad630. CrossRef PubMed

[150] Ao G, Li T, Nasr B, Wang Y, Tran C, Chen M. The 
effect of dupilumab on clinical outcomes in pa-
tients with COVID-19: A meta-analysis. J Infect. 
2023; 87: e107-e109. CrossRef PubMed

[151] Ma D, Wang Y, Huang N, Li W, Chen H, Yang Y, Zhu 
R. COVID-19-Associated Disease Course Is Short-
ened in Moderate-to-Severe Atopic Dermatitis 
Patients Receiving Dupilumab Treatment: A Ret-
rospective Cross-Sectional Study. J Clin Med. 
2023; 12: 3415. CrossRef PubMed

[152] Donlan AN, Mallawaarachchi I, Sasson JM, Preiss-
ner R, Loomba JJ, Petri WA Jr. Dupilumab Use Is 

Associated With Protection From Coronavirus 
Disease 2019 Mortality: A Retrospective Analysis. 
Clin Infect Dis. 2023; 76: 148-151. CrossRef 
PubMed

[153] Østensen M. The use of biologics in pregnant pa-
tients with rheumatic disease. Expert Rev Clin 
Pharmacol. 2017; 10: 661-669. CrossRef PubMed

[154] Brouwer J, Hazes JM, Laven JS, Dolhain RJ. Fertil-
ity in women with rheumatoid arthritis: influence 
of disease activity and medication. Ann Rheum 
Dis. 2015; 74: 1836-1841. CrossRef PubMed

[155] Ostensen M. Safety issues of biologics in preg-
nant patients with rheumatic diseases. Ann N Y 
Acad Sci. 2014; 1317: 32-38. CrossRef PubMed

[156] Götestam Skorpen C, Hoeltzenbein M, Tincani A, 
Fischer-Betz R, Elefant E, Chambers C, da Silva J, 
Nelson-Piercy C, Cetin I, Costedoat-Chalumeau N, 
Dolhain R, Förger F, Khamashta M, Ruiz-Irastorza 
G, Zink A, Vencovsky J, Cutolo M, Caeyers N, Zum-
bühl C, Østensen M. The EULAR points to consid-
er for use of antirheumatic drugs before preg-
nancy, and during pregnancy and lactation. Ann 
Rheum Dis. 2016; 75: 795-810. CrossRef PubMed

[157] Flint J, Panchal S, Hurrell A, van de Venne M, 
Gayed M, Schreiber K, Arthanari S, Cunningham J, 
Flanders L, Moore L, Crossley A, Purushotham N, 
Desai A, Piper M, Nisar M, Khamashta M, Wil-
liams D, Gordon C, Giles I; BSR and BHPR Stan-
dards, Guidelines and Audit Working Group. BSR 
and BHPR guideline on prescribing drugs in preg-
nancy and breastfeeding-Part I: standard and bio-
logic disease modifying anti-rheumatic drugs and 
corticosteroids. Rheumatology (Oxford). 2016; 
55: 1693-1697. CrossRef PubMed

[158] Gerosa M, Argolini LM, Artusi C, Chighizola CB. 
The use of biologics and small molecules in preg-
nant patients with rheumatic diseases. Expert 
Rev Clin Pharmacol. 2018; 11: 987-998. CrossRef 
PubMed

[159] Chugh R, Long MD, Jiang Y, Weaver KN, Beaulieu 
DB, Scherl EJ, Mahadevan U. Maternal and Neo-
natal Outcomes in Vedolizumab- and Ustekinum-
ab-Exposed Pregnancies: Results From the PIANO 
Registry. Am J Gastroenterol. 2024; 119: 468-476. 
CrossRef PubMed

[160] Namazy JA, Blais L, Andrews EB, Scheuerle AE, Ca-
bana MD, Thorp JM, Umetsu DT, Veith JH, Sun D, 
Kaufman DG, Covington DL, Mukhopadhyay S, 
Fogel RB, Lopez-Leon S, Spain CV. Pregnancy out-
comes in the omalizumab pregnancy registry and 
a disease-matched comparator cohort. J Allergy 
Clin Immunol. 2020; 145: 528-536. CrossRef 
PubMed

[161] Avallone G, Cavallo F, Tancredi A, Maronese CA, 
Bertello M, Fraghì A, Conforti C, Calabrese G, Di 
Nicola MR, Oddenino GA, Gargiulo L, Gori N, Loi 
C, Romita P, Piras V, Bonzano L, Tolino E, Paolino 
G, Napolitano M, Patruno C, et al. Association be-
tween maternal dupilumab exposure and preg-
nancy outcomes in patients with moderate-to-
severe atopic dermatitis: A nationwide 
retrospective cohort study. J Eur Acad Dermatol 
Venereol. 2024; 38: 1799-1808. CrossRef PubMed

[162] Akuffo-Addo E, Nicholas MN, Lansang P. Report-
ed Pregnancy Outcomes in Women With Severe 
Atopic Dermatitis Treated With Dupilumab: A 
Systematic Review. J Cutan Med Surg. 2023; 27: 
177-178. CrossRef PubMedcitation

Jappe U, Bergmann K-C, 
Brinkmann F, Faihs V, Gülsen 
A, Klimek L, Renz H, Seurig S, 
Taube C, Traidl S, Treudler R, 

Wagenmann M, Werfel T, 
Worm M, Zuberbier T.

Biologics in allergology and 
clinical immunology: Update 

on therapies for atopic 
diseases, urticaria, and 

angioedema and on safety 
aspects focusing on 

hypersensitivity reactions.
Allergol Select.  

2024; 8: 365-406.
DOI 10.5414/ALX02533E

https://doi.org/10.2147/JAA.S172338
https://doi.org/10.2147/JAA.S172338
https://pubmed.ncbi.nlm.nih.gov/30510434
https://doi.org/10.1111/ajd.13593
https://pubmed.ncbi.nlm.nih.gov/33786833
https://doi.org/10.1016/j.jaci.2024.03.029
https://pubmed.ncbi.nlm.nih.gov/38878020
https://doi.org/10.1111/all.15241
https://pubmed.ncbi.nlm.nih.gov/35112371
https://doi.org/10.1111/all.14995
https://pubmed.ncbi.nlm.nih.gov/34191300
https://doi.org/10.5414/ALX02166E
https://pubmed.ncbi.nlm.nih.gov/32915172
https://doi.org/10.1093/ofid/ofad630
https://pubmed.ncbi.nlm.nih.gov/38312212
https://doi.org/10.1016/j.jinf.2023.10.015
https://pubmed.ncbi.nlm.nih.gov/38251473
https://doi.org/10.3390/jcm12103415
https://pubmed.ncbi.nlm.nih.gov/37240520
https://doi.org/10.1093/cid/ciac745
https://pubmed.ncbi.nlm.nih.gov/36104868
https://pubmed.ncbi.nlm.nih.gov/36104868
https://doi.org/10.1080/17512433.2017.1305268
https://pubmed.ncbi.nlm.nih.gov/28326845
https://doi.org/10.1136/annrheumdis-2014-205383
https://pubmed.ncbi.nlm.nih.gov/24833784
https://doi.org/10.1111/nyas.12456
https://pubmed.ncbi.nlm.nih.gov/24840548
https://doi.org/10.1136/annrheumdis-2015-208840
https://pubmed.ncbi.nlm.nih.gov/26888948
https://doi.org/10.1093/rheumatology/kev404
https://pubmed.ncbi.nlm.nih.gov/26750124
https://doi.org/10.1080/17512433.2018.1525293
https://pubmed.ncbi.nlm.nih.gov/30227748
https://pubmed.ncbi.nlm.nih.gov/30227748
https://doi.org/10.14309/ajg.0000000000002553
https://pubmed.ncbi.nlm.nih.gov/37796648
https://doi.org/10.1016/j.jaci.2019.05.019
https://pubmed.ncbi.nlm.nih.gov/31145939
https://pubmed.ncbi.nlm.nih.gov/31145939
https://doi.org/10.1111/jdv.19794
https://pubmed.ncbi.nlm.nih.gov/38284131
https://doi.org/10.1177/12034754231152223
https://pubmed.ncbi.nlm.nih.gov/36721993


Jappe, Bergmann, Brinkmann, et al. 398

[163] Shakuntulla F, Chiarella SE. Safety of Biologics for 
Atopic Diseases During Pregnancy. J Allergy Clin 
Immunol Pract. 2022; 10: 3149-3155. CrossRef 
PubMed

[164] Wollenberg A, Kinberger M, Arents B, Aszodi N, 
Barbarot S, Bieber T, Brough HA, Pinton PC, Chris-
ten-Zaech S, Deleuran M, Dittmann M, Fosse N, 
Gáspár K, Gerbens LAA, Gieler U, Girolomoni G, 
Gregoriou S, Mortz CG, Nast A, Nygaard U, et al. 
First update of the living European guideline (Eu-
roGuiDerm) on atopic eczema. J Eur Acad Derma-
tol Venereol. 2023; 37: e1283-e1287. CrossRef 
PubMed

[165] Vestergaard C, Wollenberg A, Barbarot S, Chris-
ten-Zaech S, Deleuran M, Spuls P, Flohr C, Trzeciak 
M, von Kobyletzki L, Seneschal J, Paul C, Bieber T, 
Werfel T, Fölster-Holst R, Darsow U, Gieler U, 
Svensson Å, Cork M, Stalder JF, De Raeve L, et al. 
European task force on atopic dermatitis position 
paper: treatment of parental atopic dermatitis 
during preconception, pregnancy and lactation 
period. J Eur Acad Dermatol Venereol. 2019; 33: 
1644-1659. CrossRef PubMed

[166] Phipatanakul W, Vogelberg C, Bacharier LB, Dell 
S, Altincatal A, Gall R, Ledanois O, Sacks H, Jacob-
Nara JA, Deniz Y, Rowe PJ. Dupilumab 200 mg was 
efficacious in children (6-11 years) with moder-
ate-to-severe asthma for up to 2 years: EXCUR-
SION open-label extension study. Pediatr Pulm-
onol. 2024; doi: 10.1002/ppul.27167. Epub 
ahead of print. CrossRef PubMed

[167] A Study of CM310 in Subjects with Moderate to 
Severe Asthma. ClinicalTrials.gov ID NC T 0 5 1 8 6 9 0 
9 . https://clinicaltrials.gov/ct2/sh o w / N C T 0 5 1 8 6 9 
0 9. (Not yet published).

[168] A Phase II Study of 610 in Participants with Severe 
Eosinophilic Asthma. ClinicalTrials.gov ID 
NCT05528679. https://clinicaltrials.gov/ct2/
show/NCT05528679. (Not yet published).

[169] A Study of GSK3511294 (Depemokimab) in Par-
ticipants with Severe Asthma With an Eosinophil-
ic Phenotype (SWIFT-2). ClinicalTrials.gov ID 
NCT04718103. https://clinicaltrials.gov/ct2/
show/NCT04718103. (Not yet published).

[170] Placebo-controlled Efficacy and Safety Study of 
GSK3511294 (Depemokimab) in Participants 
With Severe Asthma With an Eosinophilic Pheno-
type (SWIFT-1). ClinicalTrials.gov ID 
NCT04719832. https://clinicaltrials.gov/ct2/
show/NCT04719832. (Not yet published).

[171] An Open-Label Extension Study of GSK3511294 
(Depemokimab) in Participants Who Were Previ-
ously Enrolled in 206713 (NCT04719832) or 
213744 (NCT04718103) (AGILE). ClinicalTrials.gov 
ID NCT05243680. https://clinicaltrials.gov/ct2/
show/NCT05243680. (Not yet published).

[172] Evaluate the Efficacy and Safety of FB825 in Adult 
With Allergic Asthma. ClinicalTrials.gov ID 
NCT05008965. https://clinicaltrials.gov/ct2/
show/NCT05008965. (Not yet published).

[173] Evaluate the Safety, Tolerability, Pharma-
cokinetics,and Clinical Activity of FB704A. Clinical-
Trials.gov ID NCT03890302. https://clinicaltrials.
gov/ct2/show/NCT03890302. (Not yet published).

[174] Evaluate the Efficacy and Safety of FB704A in 
Adult With Severe Asthma. ClinicalTrials.gov ID N 
C T 05018299. https://clinicaltrials.gov/ct2/sho w / 
NCT05018299. (Not yet published).

[175] PrecISE (Precision Interventions for Severe and/
or Exacerbation-Prone Asthma) Network Study. 
ClinicalTrials.gov ID NCT04129931. https://clini-
caltrials.gov/ct2/show/NCT04129931. (Not yet 
published).

[176] Evaluation of SAR440340 and as Combination 
Therapy With Dupilumab in Moderate-to-Severe 
Asthma Participants. ClinicalTrials.gov ID 
NCT03387852. https://clinicaltrials.gov/ct2/s h o 
w/results/NCT03387852. (Not yet published).

[177] Study to Assess the Efficacy and Safety of 
MEDI3506 in Adults With Uncontrolled Moder-
ate-to-severe Asthma (FRONTIER-3). ClinicalTri-
als.gov ID NCT04570657. https://clinicaltrials.
gov/ct2/show/NCT04570657. (Not yet pub-
lished).

[178] Masitinib in Treatment of Patients With Severe 
Persistent Asthma Treated With Oral Corticoste-
roids. ClinicalTrials.gov ID NCT01449162. https://
clinicaltrials.gov/ct2/show/NCT01449162. (Not 
yet published).

[179] Davidescu L, Ursol G, Korzh O, et al. Efficacy and 
Safety of Masitinib in Corticosteroid-Dependent 
Severe Asthma: A Randomized Placebo-Con-
trolled Trial. J Asthma Allergy. 2022; 15: 737-747. 
CrossRef

[180] Proof of Concept Study of Rilzabrutinib in Adult 
Participants With Moderate-to-severe Asthma. 
ClinicalTrials.gov ID NCT05104892. https://clini-
caltrials.gov/ct2/show/NCT05104892. (Not yet 
published).

[181] Effects of Tregalizumab on Allergen-induced Air-
way Responses and Airway Inflammation in Asth-
matic Patients (Tregulaire). ClinicalTrials.gov ID 
NCT04673591. https://clinicaltrials.gov/ct2/sh o 
w /NCT04673591. (Not yet published).

[182] Efficacy and Safety Study of GSK3772847 in Sub-
jects With Moderately Severe Asthma. ClinicalTri-
als.gov ID NCT03207243. https://clinicaltrials.g o v 
/ c t2/show/results/NCT03207243. (Not yet pub-
lished).

[183] Dose Ranging Study of Amlitelimab in Adult Par-
ticipants With Moderate-to-severe Asthma 
(TIDE-asthma). ClinicalTrials.gov ID NCT05421598. 
h t t p s : //clinicaltrials.gov/ct2/show/NC T 0 5 4 2  1 5 
98. (Not yet published).

[184] A Study to Evaluate the Efficacy and Safety Study 
of Povorcitinib in Participants With Inadequately 
Controlled Moderate to Severe Asthma. Clinical-
Trials.gov ID NCT05851443. https://clinicaltrials.
gov/ct2/show/NCT05851443. (Not yet pub-
lished).

[185] Kabashima K, Matsumura T, Komazaki H, Ka-
washima M; Nemolizumab JP01 andJP02 Study 
Group. Nemolizumab plus topical agents in pa-
tients with atopic dermatitis (AD) and moderate-
to-severe pruritus provide improvement in pruri-
tus and signs of AD for up to 68 weeks: results 
from two phase III, long-term studies. Br J Derma-
tol. 2022; 186: 642-651. CrossRef PubMed

[186] Keam SJ. Nemolizumab: First Approval. Drugs. 
2022; 82: 1143-1150. CrossRef PubMed

[187] A Study of KY1005 in Patients With Moderate to 
Severe Atopic Dermatitis. ClinicalTrials.gov ID 
NCT03754309. https://clinicaltrials.gov/ct2/sh o 
w / NCT03754309. (Not yet published).

[188] Weidinger S, Bieber T, Cork T, et al. 33781 Sus-
tained and durable response up to 24 weeks after 
last dose observed in a phase 2a study citation

Jappe U, Bergmann K-C, 
Brinkmann F, Faihs V, Gülsen 
A, Klimek L, Renz H, Seurig S, 
Taube C, Traidl S, Treudler R, 

Wagenmann M, Werfel T, 
Worm M, Zuberbier T.

Biologics in allergology and 
clinical immunology: Update 

on therapies for atopic 
diseases, urticaria, and 

angioedema and on safety 
aspects focusing on 

hypersensitivity reactions.
Allergol Select.  

2024; 8: 365-406.
DOI 10.5414/ALX02533E

https://doi.org/10.1016/j.jaip.2022.08.013
https://pubmed.ncbi.nlm.nih.gov/35987486
https://pubmed.ncbi.nlm.nih.gov/35987486
https://doi.org/10.1111/jdv.19269
https://pubmed.ncbi.nlm.nih.gov/37328919
https://pubmed.ncbi.nlm.nih.gov/37328919
https://doi.org/10.1111/jdv.15709
https://pubmed.ncbi.nlm.nih.gov/31231864
https://doi.org/10.1002/ppul.27167
https://pubmed.ncbi.nlm.nih.gov/39016623
https://clinicaltrials.gov/ct2/show/NCT05186909
https://clinicaltrials.gov/ct2/show/NCT05186909
https://doi.org/10.2147/JAA.S337284
https://doi.org/10.1111/bjd.20873
https://pubmed.ncbi.nlm.nih.gov/34726262
https://doi.org/10.1007/s40265-022-01741-z
https://pubmed.ncbi.nlm.nih.gov/35834124


Biologics in allergology and clinical immunology 399

(NCT03754309) of amlitelimab (KY1005, 
SAR445229) a novel nondepleting anti-OX40Li-
gand (OX40L) mAb in patients with moderate to 
severe atopic dermatitis (AD). J Am Acad Derma-
tol. 2022; 87 (Suppl): AB206.  

[189] Guttman-Yassky E, Simpson EL, Reich K, Kabashi-
ma K, Igawa K, Suzuki T, Mano H, Matsui T, Esfan-
diari E, Furue M. An anti-OX40 antibody to treat 
moderate-to-severe atopic dermatitis: a multi-
centre, double-blind, placebo-controlled phase 
2b study. Lancet. 2023; 401: 204-214. [published 
correction appears in Lancet. 2023 Jan 
21;401(10372): 1940. CrossRef PubMed

[190] Guttman-Yassky E, Pavel AB, Zhou L, Estrada YD, 
Zhang N, Xu H, Peng X, Wen HC, Govas P, Gudi G, 
Ca V, Fang H, Salhi Y, Back J, Reddy V, Bissonnette 
R, Maari C, Grossman F, Wolff G. GBR 830, an 
anti-OX40, improves skin gene signatures and 
clinical scores in patients with atopic dermatitis. J 
Allergy Clin Immunol. 2019; 144: 482-493. Cross-
Ref PubMed

[191] Safety and Tolerability of BSI-045B in Healthy 
Adult Subjects and Patients With Atopic Dermati-
tis. ClinicalTrials.gov ID NCT05114889. https://
clinicaltrials.gov/ct2/show/NCT05114889. (Not 
yet published).

[192] AstraZeneca drops Dupixent rival tezepelumab in 
atopic dermatitis as asthma focus sharpens. 
Fierce Biotech. Nick Paul Taylor. https://www.
fiercebiotech.com/biotech/astrazeneca-drops-
tezepelumab-atopic-dermatitis-from-pipeline-af-
ter-midphase-failure#:~:text=While%20tezepe-
l u m a b % 2 0 h a s % 2 0 fa i l e d % 2 0 i n , f i r s t % 2 0
quarter%20of%20next%20year. (Date of access: 
June 18, 2023).

[193] Ungar B, Pavel AB, Li R, et al. Phase 2 random-
ized, double-blind study of IL-17 targeting with 
secukinumab in atopic dermatitis. J Allergy Clin 
Immunol. 2021; 147: 394-397. 

[194] A Study to Evaluate Risankizumab in Adults and 
Adolescents With Moderate to Severe Atopic 
Dermatitis. ClinicalTrials.gov ID NCT03706040. 
https://clinicaltrials.gov/ct2/show/NC T 0 3 7 0 6 0 4 
0 . (Not yet published).

[195] Laquer V, Parra V, Lacour JP, Takahashi H, Knorr J, 
Okragly AJ, James DE, Sims JT, Chang CY, Chao J, 
Klekotka P. Interleukin-33 antibody failed to dem-
onstrate benefit in a phase II, double-blind, ran-
domized, placebo-controlled study in adult pa-
tients with moderate-to-severe atopic dermatitis. 
Br J Dermatol. 2022; 187: 599-602. CrossRef 
PubMed

[196] A Study to Assess the Efficacy and Safety of MST-
T1041A in Participants With Moderate to Severe 
Atopic Dermatitis. ClinicalTrials.gov ID N C T 0 3 7 4 7 
575. https://clinicaltrials.gov/ct2/show/N C T 0 3 7 
47575. (Not yet published).

[197] A Study in Patients With Atopic Eczema to Test 
How Effective BI 655130 is and How Well it is Tol-
erated. ClinicalTrials.gov ID NCT03822832. https : 
//clinicaltrials.gov/ct2/show/NC T 0 3 8 2 2 8 3 2 . (Not 
yet published).

[198] Sadeghi S, Mohandesi NA. Efficacy and safety of 
topical JAK inhibitors in the treatment of atopic 
dermatitis in paediatrics and adults: A systematic 
review. Exp Dermatol. 2023; 32: 599-610. Cross-
Ref PubMed

[199] Subcutaneously CM310/Placebo in Patients With 
Chronic Rhinosinusitis With Nasal Polyposis 

(CROWNS-1). ClinicalTrials.gov ID NCT04805398. 
https://clinicaltrials.gov/ct2/show/N C T 0 4 8 0 5 3 9 
8 . (Not yet published).

[200] Keymed Biosciences released positive result from 
Phase II clinical trial of CM310 at CRSwNP. 
Keymed. https://en.keymedbio.com/show-132-
186-1.html. (Date of access: June 18, 2023).

[201] A Study of CM310 in Patients With Chronic Rhino-
sinusitis With Nasal Polyposis (CROWNS-2). Clini-
calTrials.gov ID NCT05436275. https://clinicaltri-
als.gov/ct2/show/NCT05436275. (Not yet 
published).

[202] The Study of GR1802 in Patients With Chronic 
Rhinosinusitis With Nasal Polyps. ClinicalTrials.
gov ID NCT05873803. https://clinicaltrials.gov/
ct2/show/NCT05873803. (Not yet published).

[203] Bachert C, Han JK, Desrosiers MY, Gevaert P, Hef-
fler E, Hopkins C, Tversky JR, Barker P, Cohen D, 
Emson C, Martin UJ, Shih VH, Necander S, Kre-
indler JL, Jison M, Werkström V. Efficacy and safe-
ty of benralizumab in chronic rhinosinusitis with 
nasal polyps: A randomized, placebo-controlled 
trial. J Allergy Clin Immunol. 2022; 149: 1309-
1317. CrossRef PubMed

[204] Efficacy and Safety of Depemokimab 
(GSK3511294) in Participants With Chronic Rhi-
nosinusitis With Nasal Polyps. (ANCHOR-1). Clini-
calTrials.gov ID NCT05274750. https://clinicaltri-
als.gov/ct2/show/NCT05274750. (Not yet 
published).

[205] Efficacy and Safety of Depemokimab 
(GSK3511294) in Participants With Chronic Rhi-
nosinusitis With Nasal Polyps. (ANCHOR-2) (AN-
CHOR-2). ClinicalTrials.gov ID NCT05281523. 
https://clinicaltrials.gov/ct2/show/NCT 0 5 2 8 1 5 2 
3 . (Not yet published).

[206] Efficacy and Safety of Tezepelumab in Partici-
pants With Severe Chronic Rhinosinusitis With 
Nasal Polyposis (WAYPOINT). ClinicalTrials.gov ID 
NCT04851964. https://clinicaltrials.gov/ct2/sh o 
w / N CT04851964. (Not yet published).

[207] Etokimab in Adults With Chronic Rhinosinusitis 
With Nasal Polyps (CRSwNP). ClinicalTrials.gov ID 
NCT03614923. https://clinicaltrials.gov/ct2/sho 
w / NCT03614923. (Not yet published).

[208] This Was a Dose-finding Study to Evaluate Effica-
cy and Safety of LOU064 in Patients With CSU In-
adequately Controlled by H1-antihistamines. 
ClinicalTrials.gov ID NCT03926611. https://clini-
caltrials.gov/ct2/show/NCT03926611. (Not yet 
published).

[209] An Extension Study of Long-term Efficacy, Safety 
and Tolerability of Remibrutinib in Chronic Spon-
taneous Urticaria Patients Who Completed Pre-
ceding Studies With Remibrutinib. ClinicalTrials.
gov ID NCT05513001. https://clinicaltrials.gov/
ct2/show/NCT05513001. (Not yet published).

[210] Multicenter A. Open-label Phase 3 Study: Ambu-
latory Blood Pressure Monitoring in Adult Pa-
tients With Chronic Spontaneous Urticaria Inad-
equately Controlled by H1-antihistamines 
Treated With Remibrutinib up to 12 Weeks. Clini-
calTrials.gov ID NCT05795153. https://clinicaltri-
als.gov/ct2/show/NCT05795153. (Not yet pub-
lished).

[211] A Safety and Efficacy Study of Remibrutinib in the 
Treatment of CSU in Japanese Adults Inadequate-
ly Controlled by H1-antihistamines (BISCUIT). 
ClinicalTrials.gov ID NCT05048342. https://clini-citation

Jappe U, Bergmann K-C, 
Brinkmann F, Faihs V, Gülsen 
A, Klimek L, Renz H, Seurig S, 
Taube C, Traidl S, Treudler R, 

Wagenmann M, Werfel T, 
Worm M, Zuberbier T.

Biologics in allergology and 
clinical immunology: Update 

on therapies for atopic 
diseases, urticaria, and 

angioedema and on safety 
aspects focusing on 

hypersensitivity reactions.
Allergol Select.  

2024; 8: 365-406.
DOI 10.5414/ALX02533E

https://doi.org/10.1016/S0140-6736(22)02037-2
https://pubmed.ncbi.nlm.nih.gov/36509097
https://doi.org/10.1016/j.jaci.2018.11.053
https://doi.org/10.1016/j.jaci.2018.11.053
https://pubmed.ncbi.nlm.nih.gov/30738171
https://doi.org/10.1111/bjd.21631
https://pubmed.ncbi.nlm.nih.gov/35481678
https://pubmed.ncbi.nlm.nih.gov/35481678
https://doi.org/10.1111/exd.14753
https://doi.org/10.1111/exd.14753
https://pubmed.ncbi.nlm.nih.gov/36691705
https://doi.org/10.1016/j.jaci.2021.08.030
https://pubmed.ncbi.nlm.nih.gov/34599979


Jappe, Bergmann, Brinkmann, et al. 400

caltrials.gov/ct2/show/NCT05048342. (Not yet 
published).

[212] Phase A. 3 Study of Efficacy and Safety of Remi-
brutinib in the Treatment of CSU in Adults Inade-
quately Controlled by H1 Antihistamines (RE-
MIX-1). ClinicalTrials.gov ID NCT05030311. 
https://clinicaltrials.gov/ct2/show/NCT 0 5 0 3 0 3 1 
1. (Not yet published).

[213] Phase A. 3 Study of Efficacy and Safety of Remi-
brutinib in the Treatment of CSU in Adults Inade-
quately Controlled by H1- Antihistamines (RE-
MIX-2). ClinicalTrials.gov ID NCT05032157. 
https://clinicaltrials.gov/ct2/show/NCT05 0 3 2 1 5 
7. (Not yet published).

[214] 24 Weeks Double-blind Randomized Placebo-
controlled Trial to Evaluate Efficacy, PK, Safety of 
LOU064 in Adolescents (12 - <18) With CSU and 
Inadequate Response to H1-antihistamine Fol-
lowed by Optional 3 Years Open-label Extension 
and an Optional 3 Years Safety Long-term Treat-
ment-free Follow-up. ClinicalTrials.gov ID 
NCT05677451. https://clinicaltrials.gov/ct2/sh o 
w   /N CT05677451. (Not yet published).

[215] Metz M, Sussman G, Gagnon R, Staubach P, Tanus 
T, Yang WH, Lim JJ, Clarke HJ, Galanter J, Chinn 
LW, Chu T, Teterina A, Burgess T, Haddon DJ, Lu TT, 
Maurer M. Fenebrutinib in H1 antihistamine-re-
fractory chronic spontaneous urticaria: a ran-
domized phase 2 trial. Nat Med. 2021; 27: 1961-
1969. CrossRef PubMed

[216] A Phase III Study of and Efficacy of Ligelizumab in 
the Treatment of CSU in Adolescents and Adults 
Inadequately Controlled With H1-antihistamines. 
ClinicalTrials.gov ID NCT03580356. https://clini-
caltrials.gov/ct2/show/NCT03580356. (Not yet 
published).

[217] Novartis provides an update on Phase III ligeli-
zumab (QGE031) studies in chronic spontaneous 
urticaria (CSU). Novartis. https://www.novartis.
com/news/media-releases/novartis-provides-
update-phase-iii-ligelizumab-qge031-studies-
chronic-spontaneous-urticaria-cs u # : ~ : t e x t = “ W e 
% 20will%20continue%20to%20evaluate,the%20
second%20half%20of%202022. (Date of access: 
June 18, 2023).

[218] Altrichter S, Giménez-Arnau AM, Bernstein JA, 
Metz M, Bahadori L, Bergquist M, Brooks L, Ho 
CN, Jain P, Lukka PB, Rodriguez-Suárez E, Walton 
C, Datto CJ, Vekovska K, Leflein J, Stoyanova 
Genova S, Mandazhieva - Pepelanova M, Nittner 
Marszalska M, Hofman A, Gimenez Arnau AM, et 
al; ARROYO Study Investigators. Benralizumab 
does not elicit therapeutic effect in patients with 
chronic spontaneous urticaria: results from the 
phase IIb multinational randomized double-blind 
placebo-controlled ARROYO trial. Br J Dermatol. 
2024; 191: 187-199. CrossRef PubMed

[219] Study to Evaluate Tezepelumab in Adults With 
Chronic Spontaneous Urticaria (INCEPTION). Clin-
icalTrials.gov ID NCT04833855. https://clinicaltri-
als.gov/ct2/show/NCT04833855. (Not yet pub-
lished).

[220] Maurer M, Casale TB, Saini SS, et al. Dupilumab in 
patients with chronic spontaneous urticaria (LIB-
ERTY-CSU CUPID): Two randomized, double-
blind, placebo-controlled, phase 3 trials. J Allergy 
Clin Immunol. 2024; 154: 184-194. CrossRef  

[221] A Study to Evaluate the Pharmacodynamics, 
Pharmacokinetics, Safety, and Efficacy of UB-221 

IV Infusion as an add-on Therapy in Patients With 
Chronic Spontaneous Urticaria. ClinicalTrials.gov 
ID NCT05298215. https://clinicaltrials.gov/ct2/
show/NCT05298215. (Not yet published).

[222] A Study to Assess Subcutaneous Lirentelimab 
(AK002) in Chronic Spontaneous Urticaria (MAV-
ERICK). ClinicalTrials.gov ID NCT05528861. 
https://clinicaltrials.gov/ct2/show/NCT0 5 5 2 8 8 6 
1 . (Not yet published).

[223] Phase A. 2 Study of CDX-0159 in Patients With 
Chronic Spontaneous Urticaria. ClinicalTrials.gov 
ID NCT05368285. https://clinicaltrials.gov/ct2/
show/NCT05368285. (Not yet published).

[224] Rilzabrutinib for the Treatment of Chronic Spon-
taneous Urticaria in Patients Who Remain Symp-
tomatic Despite the Use of H1 Antihistamine 
(RILECSU). ClinicalTrials.gov ID NCT05107115. 
https://clinicaltrials.gov/ct2/show/N C  T 0 5 1 0 7 1 1 
5. (Not yet published).

[225] Phase A. 2a Study of TAS5315 in Patients With 
Chronic Spontaneous Urticaria. ClinicalTrials.gov 
ID NCT05335499. https://clinicaltrials.gov/ct2/
show/NCT05335499. (Not yet published).

[226] A Study of Lirentelimab (AK002) in Patients With 
Active Eosinophilic Esophagitis (KRYPTOS). Clinical-
Trials.gov ID NCT04322708. https://clinicaltrials.
gov/ct2/show/NCT04322708. (Not yet published).

[227] Dellon ES, Peterson KA, Mitlyng BL, Iuga A, Book-
hout CE, Cortright LM, Walker KB, Gee TS, McGee 
SJ, Cameron BA, Galanko JA, Woosley JT, Eluri S, 
Moist SE, Hirano I. Mepolizumab for treatment of 
adolescents and adults with eosinophilic oesoph-
agitis: a multicentre, randomised, double-blind, 
placebo-controlled clinical trial. Gut. 2023; 72: 
1828-1837. CrossRef PubMed

[228] A Study of CDX-0159 in Patients With Eosinophilic 
Esophagitis (EvolvE). ClinicalTrials.gov ID 
NCT05774184. https://clinicaltrials.gov/ct2/
show/NCT05774184. (Not yet published).

[229] A Study to Assess the Safety and Efficacy of Oral 
Etrasimod in Adult Participants With Eosinophilic 
Esophagitis (VOYAGE). ClinicalTrials.gov ID 
NCT04682639. https://clinicaltrials.gov/ct2/sho 
w /NCT04682639. (Not yet published).

[230] Safety Study of CC-93538 in Adult and Adolescent 
Participants With Eosinophilic Esophagitis. Clini-
calTrials.gov ID NCT04991935. https://clinicaltri-
als.gov/ct2/show/NCT04991935. (Not yet pub-
lished).

[231] Efficacy and Safety of Tezepelumab in Patients 
With Eosinophilic Esophagitis (CROSSING). Clini-
calTrials.gov ID NCT05583227. https://clinicaltri-
als.gov/ct2/show/NCT05583227. (Not yet pub-
lished).

[232] Benralizumab for Eosinophilic Gastritis (BEGS). 
(BEGS). ClinicalTrials.gov ID NCT03473977. 
https://clinicaltrials.gov/ct2/show/NC T 0 3 4 7 3 9 7 
7. (Not yet published).

[233] A Study of Lirentelimab (AK002) in Patients With 
Active Eosinophilic Duodenitis (EoDyssey). Clini-
calTrials.gov ID NCT04856891. https://clinicaltri-
als.gov/ct2/show/NCT04856891. (Not yet pub-
lished).

[234] A Study to Assess AK002 in Eosinophilic Gastritis 
and/or Eosinophilic Duodenitis (Formerly Re-
ferred to as Eosinophilic Gastroenteritis) (ENIG-
MA 2). ClinicalTrials.gov ID NCT04322604. 
https://clinicaltrials.gov/ct2/show/NC T 0 4 3 2 2 6 0 
4 . (Not yet published).citation

Jappe U, Bergmann K-C, 
Brinkmann F, Faihs V, Gülsen 
A, Klimek L, Renz H, Seurig S, 
Taube C, Traidl S, Treudler R, 

Wagenmann M, Werfel T, 
Worm M, Zuberbier T.

Biologics in allergology and 
clinical immunology: Update 

on therapies for atopic 
diseases, urticaria, and 

angioedema and on safety 
aspects focusing on 

hypersensitivity reactions.
Allergol Select.  

2024; 8: 365-406.
DOI 10.5414/ALX02533E

https://doi.org/10.1038/s41591-021-01537-w
https://pubmed.ncbi.nlm.nih.gov/34750553
https://doi.org/10.1093/bjd/ljae067
https://pubmed.ncbi.nlm.nih.gov/38367194
https://doi.org/10.1016/j.jaci.2024.01.028
https://doi.org/10.1136/gutjnl-2023-330337
https://pubmed.ncbi.nlm.nih.gov/37423717


Biologics in allergology and clinical immunology 401

[235] Allakos Announces Topline Phase 3 Data from the 
EoDyssey Study in Patients with Eosinophilic Duo-
denitis. Allakos. https://investor.allakos.com/
news-releases/news-release-details/allakos-an-
nounces-topline-phase-3-data-eodyssey-study-
patients (Date of access: June 18, 2023).

[236] A Trial to Learn if Dupilumab is Safe for and Helps 
Adult and Adolescent Participants With Eosino-
philic Gastritis With or Without Eosinophilic Duo-
denitis (ENGAGE). ClinicalTrials.gov ID 
NCT05831176. https://clinicaltrials.gov/ct2/sh o 
w   / NCT05831176. (Not yet published).

[237] A Study to Evaluate the Efficacy and Safety of CC-
93538 in Adult and Adolescent Japanese Partici-
pants With Eosinophilic Gastroenteritis. ClinicalTri-
als.gov ID NCT05214768. https://clinicaltrials.gov/
ct2/show/NCT05214768. (Not yet published).

[238] Muñoz-Bellido FJ, Moreno E, Dávila I. Dupilumab: 
A Review of Present Indications and Off-Label 
Uses. J Investig Allergol Clin Immunol. 2022; 32: 
97-115. CrossRef PubMed

[239] Wood RA, Chinthrajah RS, Eggel A, et al. The ra-
tionale for development of ligelizumab in food 
allergy. World Allergy Organ J. 2022; 15: 100690. 
CrossRef

[240] Preventing Anaphylaxis With Acalabrutinib. Clini-
calTrials.gov ID NCT05038904. https://clinicaltri-
als.gov/ct2/show/NCT05038904. (Not yet pub-
lished).

[241] de Silva D, Singh C, Arasi S, et al. Systematic re-
view of monotherapy with biologicals for children 
and adults with IgE-mediated food allergy. Clin 
Transl Allergy. 2022; 12: e12123. CrossRef

[242] Sindher SB, Long A, Chin AR, Hy A, Sampath V, 
Nadeau KC, Chinthrajah RS. Food allergy, mecha-
nisms, diagnosis and treatment: Innovation 
through a multi-targeted approach. Allergy. 2022; 
77: 2937-2948. CrossRef PubMed

[243] Puxeddu I, Giori L, Rocchi V, Bazzichi L, Bombard-
ieri S, Tavoni A, Migliorini P, Del Corso I. Hyper-
sensitivity reactions during treatment with inflix-
imab, etanercept, and adalimumab. Ann Allergy 
Asthma Immunol. 2012; 108: 123-124. CrossRef 
PubMed

[244] Tarkiainen M, Tynjälä P, Vähäsalo P, Lahdenne P. 
Occurrence of adverse events in patients with JIA 
receiving biologic agents: long-term follow-up in 
a real-life setting. Rheumatology (Oxford). 2015; 
54: 1170-1176. CrossRef PubMed

[245] European Medicines Agency. Assessment report 
of adalimumab (LIBMYRIS®). 2023. https://www.
ema.europa.eu/en/documents/product-infor-
mation/libmyris-epar-product-information_en.
pdf (Accessed June 30, 2024).

[246] US Food and Drug Administration. FDA labels for 
TNF inhibitors: adalimumab (HUMIRA®). 2023. 
https://www.accessdata.fda.gov/drugsatfda_ d o c 
s / label/2023/125057s423lbl.pdf (Accessed June 
30, 2024).

[247] Castro M, Wenzel SE, Bleecker ER, Pizzichini E, 
Kuna P, Busse WW, Gossage DL, Ward CK, Wu Y, 
Wang B, Khatry DB, van der Merwe R, Kolbeck R, 
Molfino NA, Raible DG. Benralizumab, an anti-in-
terleukin 5 receptor α monoclonal antibody, ver-
sus placebo for uncontrolled eosinophilic asth-
ma: a phase 2b randomised dose-ranging study. 
Lancet Respir Med. 2014; 2: 879-890. CrossRef 
PubMed

[248] Park HS, Lee SH, Lee SY, Kim MK, Lee BJ, Werk-
ström V, Barker P, Zangrilli JG. Efficacy and safety 
of benralizumab for Korean patients with severe, 
uncontrolled eosinophilic asthma. Allergy Asth-
ma Immunol Res. 2019; 11: 508-518. CrossRef 
PubMed

[249] Liu W, Ma X, Zhou W. Adverse events of benrali-
zumab in moderate to severe eosinophilic asth-
ma: A meta-analysis. Medicine (Baltimore). 2019; 
98: e15868. CrossRef PubMed

[250] US Food and Drug Administration. FDA labels for 
benralizumab (FASENRA). 2019. https://www.ac-
cessdata.fda.gov/drugsatfda_docs/label/ 2 0 1 9 / 7 
6 1 070s005lbl.pdf (Accessed February 4, 2024).

[251] Bourdin A, Shaw D, Menzies-Gow A, FitzGerald 
JM, Bleecker ER, Busse WW, Ferguson GT, Brooks 
L, Barker P, Gil EG, Martin UJ. Two-year integrated 
steroid-sparing analysis and safety of benralizum-
ab for severe asthma. J Asthma. 2021; 58: 514-
522. CrossRef PubMed

[252] European Medicines Agency. Assessment Report 
for benralizumab (FASENRA). 2023. https://www.
ema.europa.eu/en/documents/product-infor-
mation/fasenra-epar-product-information_en.
pdf (Accessed February 4, 2024).

[253] Yamaguchi M, Nishimura Y, Takumi Y, Hayashi N, 
Sakamoto K, Tohda Y. Real-World Safety and Ef-
fectiveness of Benralizumab in Japanese Patients 
with Severe Asthma: A Multicenter Prospective 
Observational Study. J Asthma Allergy. 2024; 17: 
45-60. CrossRef PubMed

[254] US Food and Drug Administration. FDA labels for 
brodalumab (SILIQ®). 2017. https://www.access-
data.fda.gov/drugsatfda_docs/la be l/ 2 0 1 7 / 7 6 1 0 3 
2 l bl.pdf (Accessed February 4, 2024).

[255] Iznardo H, Puig L. The safety of brodalumab for 
the treatment of psoriasis. Expert Opin Drug Saf. 
2020; 19: 365-372. CrossRef PubMed

[256] Kim PJ, Lansang RP, Vender R. A Systematic Re-
view and Meta-Analysis of Injection Site Reac-
tions in Randomized-Controlled Trials of Biologic 
Injections. J Cutan Med Surg. 2023; 27: 358-367. 
CrossRef PubMed

[257] European Medicines Agency. Assessment report 
of brodalumab (KYNTHEUM®). 2023 https://
www.ema.europa.eu/en/documents/product-in-
formation/kyntheum-epar-product-information_
en.pdf (Accessed February 4, 2024).

[258] US Food and Drug Administration. FDA labels for 
certolizumab (CIMZIA®). 2022. https://www.ac-
cessdata.fda.gov/drugsatfda_docs/label / 2 0 2 2 / 1 
2 5 160s305lbl.pdf (Accessed February 5, 2024).

[259] European Medicines Agency. Assessment report 
of certolizumab (KYNTHEUM®). 2023 https://
www.ema.europa.eu/en/documents/product-in-
formation/kyntheum-epar-product-information_
en.pdf (Accessed February 5, 2024).

[260] Ou Z, Chen C, Chen A, Yang Y, Zhou W. Adverse 
events of Dupilumab in adults with moderate-to-
severe atopic dermatitis: A meta-analysis. Int Im-
munopharmacol. 2018; 54: 303-310. CrossRef 
PubMed

[261] Halling AS, Loft N, Silverberg JI, Guttman-Yassky 
E, Thyssen JP. Real-world evidence of dupilumab 
efficacy and risk of adverse events: A systematic 
review and meta-analysis. J Am Acad Dermatol. 
2021; 84: 139-147. CrossRef PubMed

[262] European Medicines Agency. Assessment report 
of dupilumab (DUPIXENT®). 2023 https://www.citation

Jappe U, Bergmann K-C, 
Brinkmann F, Faihs V, Gülsen 
A, Klimek L, Renz H, Seurig S, 
Taube C, Traidl S, Treudler R, 

Wagenmann M, Werfel T, 
Worm M, Zuberbier T.

Biologics in allergology and 
clinical immunology: Update 

on therapies for atopic 
diseases, urticaria, and 

angioedema and on safety 
aspects focusing on 

hypersensitivity reactions.
Allergol Select.  

2024; 8: 365-406.
DOI 10.5414/ALX02533E

https://doi.org/10.18176/jiaci.0682
https://pubmed.ncbi.nlm.nih.gov/33661102
https://doi.org/10.1016/j.waojou.2022.100690
https://doi.org/10.1002/clt2.12123
https://doi.org/10.1111/all.15418
https://pubmed.ncbi.nlm.nih.gov/35730331
https://doi.org/10.1016/j.anai.2011.11.004
https://pubmed.ncbi.nlm.nih.gov/22289732
https://pubmed.ncbi.nlm.nih.gov/22289732
https://doi.org/10.1093/rheumatology/keu457
https://pubmed.ncbi.nlm.nih.gov/25504896
https://doi.org/10.1016/S2213-2600(14)70201-2
https://pubmed.ncbi.nlm.nih.gov/25306557
https://pubmed.ncbi.nlm.nih.gov/25306557
https://doi.org/10.4168/aair.2019.11.4.508
https://pubmed.ncbi.nlm.nih.gov/31172719
https://pubmed.ncbi.nlm.nih.gov/31172719
https://doi.org/10.1097/MD.0000000000015868
https://pubmed.ncbi.nlm.nih.gov/31145343
https://doi.org/10.1080/02770903.2019.1705333
https://pubmed.ncbi.nlm.nih.gov/31859541
https://doi.org/10.2147/JAA.S432695
https://pubmed.ncbi.nlm.nih.gov/38268535
https://doi.org/10.1080/14740338.2020.1730326
https://pubmed.ncbi.nlm.nih.gov/32053396
https://doi.org/10.1177/12034754231188444
https://pubmed.ncbi.nlm.nih.gov/37533141
https://doi.org/10.1016/j.intimp.2017.11.031
https://pubmed.ncbi.nlm.nih.gov/29182975
https://pubmed.ncbi.nlm.nih.gov/29182975
https://doi.org/10.1016/j.jaad.2020.08.051
https://pubmed.ncbi.nlm.nih.gov/32822798


Jappe, Bergmann, Brinkmann, et al. 402

ema.europa.eu/en/documents/product-infor-
mation/dupixent-epar-product-information_en.
pdf (Accessed February 4, 2024).

[263] US Food and Drug Administration. FDA labels for 
dupilumab (DUPIXENT®). 2024. https://www.ac-
cessdata.fda.gov/drugsatfda_docs/labe l / 2 0 2 4 / 7 
6 1 055s057lbl.pdf (Accessed February 4, 2024).

[264] Simpson EL, Silverberg JI, Worm M, Honari G, Ma-
suda K, Sygula E, et al. Dupilumab treatment im-
proves signs, symptoms, quality of life and work 
productivity in patients with atopic hand and foot 
dermatitis: results from a phase 3, randomized, 
double-blind, placebo-controlled trial. J Am Acad 
Dermatol. 2024: 90: 119-1199. CrossRef

[265] Yew YW, Zhao X, Yong AMY. Safety and efficacy of 
dupilumab in adult atopic dermatitis in Singa-
pore. Singapore Med J. 2024. Epub ahead of 
print. CrossRef PubMed

[266] Girolomoni G, Feldman SR, Emery P, Ghil J, Keum 
JW, Cheong SY, Hong E. Comparison of injection-
site reactions between the etanercept biosimilar 
SB4 and the reference etanercept in patients with 
rheumatoid arthritis from a phase III study. Br J 
Dermatol. 2018; 178: e215-e216. CrossRef 
PubMed

[267] Codreanu C, Popescu CC, Mogoșan C, Enache L, 
Daia S, Ionescu R, Opriș-Belinski D. Efficacy and 
safety of original and biosimilar etanercept (SB4) 
in active rheumatoid arthritis – A comparison in a 
real-world national cohort. Biologicals. 2019; 62: 
27-32. CrossRef PubMed

[268] US Food and Drug Administration. FDA labels for 
etanercept (ENBREL®). 2023. https://www.ac-
cessdata.fda.gov/drugsatfda_docs/labe l / 2 0 2 3 / 1 
0 3 795s5595lbl.pdf (Accessed June 30, 2024).

[269] European Medicines Agency. Assessment report 
of etanercept (ENBREL®). 2024. https://www.
ema.europa.eu/en/documents/product-infor-
mation/enbrel-epar-product-information_en.pdf 
(Accessed June 30, 2024).

[270] Chen YL, Gutowska-Owsiak D, Hardman CS, West-
moreland M, MacKenzie T, Cifuentes L, Waithe D, 
Lloyd-Lavery A, Marquette A, Londei M, Ogg G. 
Proof-of-concept clinical trial of etokimab shows 
a key role for IL-33 in atopic dermatitis pathogen-
esis. Sci Transl Med. 2019; 11: eaax2945. Cross-
Ref PubMed

[271] Chinthrajah S, Cao S, Liu C, Lyu SC, Sindher SB, 
Long A, Sampath V, Petroni D, Londei M, Nadeau 
KC. Phase 2a randomized, placebo-controlled 
study of anti-IL-33 in peanut allergy. JCI Insight. 
2019; 4: e131347. CrossRef PubMed

[272] Etokimab in Adults With Chronic Rhinosinusitis 
With Nasal Polyps (CRSwNP). Study records. 
2022. https://clinicaltrials.gov/study/NCT03 6 1 4 9 
2 3 ? tab=results (Accessed February 5, 2024).

[273] Craig TJ, Reshef A, Li HH, Jacobs JS, Bernstein JA, 
Farkas H, Yang WH, Stroes ESG, Ohsawa I, Tachd-
jian R, Manning ME, Lumry WR, Saguer IM, Ay-
gören-Pürsün E, Ritchie B, Sussman GL, Anderson 
J, Kawahata K, Suzuki Y, Staubach P, et al. Efficacy 
and safety of garadacimab, a factor XIIa inhibitor 
for hereditary angioedema prevention (VAN-
GUARD): a global, multicentre, randomised, dou-
ble-blind, placebo-controlled, phase 3 trial. Lan-
cet. 2023; 401: 1079-1090. CrossRef PubMed

[274] Langley RG, Tsai TF, Flavin S, Song M, Randazzo B, 
Wasfi Y, Jiang J, Li S, Puig L. Efficacy and safety of 
guselkumab in patients with psoriasis who have 

an inadequate response to ustekinumab: results 
of the randomized, double-blind, phase III NAVI-
GATE trial. Br J Dermatol. 2018; 178: 114-123. 
CrossRef PubMed

[275] US Food and Drug Administration. FDA labels for 
guselkumab (TREMFYA®). 2020. https://www.ac-
cessdata.fda.gov/drugsatfda_docs/lab e l / 2 0 2 0 / 7 
6 1 061s009lbl.pdf (Accessed June 30, 2024).

[276] European Commission. Summary of product 
characteristics. Guselkumab (TREMFYA®). 2020. 
https://ec.europa.eu/health/documents/commu 
n ity-register/2020/20201120149811/an x _ 1 4 9 8 1 
1 _en.pdf (Accessed June 30, 2024).

[277] Coates LC, Gossec L, Theander E, Bergmans P, 
Neuhold M, Karyekar CS, Shawi M, Noël W, Schett 
G, McInnes IB. Efficacy and safety of guselkumab in 
patients with active psoriatic arthritis who are in-
adequate responders to tumour necrosis factor 
inhibitors: results through one year of a phase IIIb, 
randomised, controlled study (COSMOS). Ann 
Rheum Dis. 2022; 81: 359-369. CrossRef PubMed

[278] McInnes IB, Rahman P, Gottlieb AB, Hsia EC, Koll-
meier AP, Xu XL, Jiang Y, Sheng S, Shawi M, 
Chakravarty SD, van der Heijde D, Mease PJ. 
Long-Term Efficacy and Safety of Guselkumab, a 
Monoclonal Antibody Specific to the p19 Subunit 
of Interleukin-23, Through Two Years: Results 
From a Phase III, Randomized, Double-Blind, Pla-
cebo-Controlled Study Conducted in Biologic-Na-
ive Patients With Active Psoriatic Arthritis. Arthri-
tis Rheumatol. 2022; 74: 475-485. CrossRef 
PubMed

[279] Danese S, Panaccione R, Feagan BG, Afzali A, Ru-
bin DT, Sands BE, Reinisch W, Panés J, Sahoo A, 
Terry NA, Chan D, Han C, Frustaci ME, Yang Z, 
Sandborn WJ, Hisamatsu T, Andrews JM, D’Haens 
GR, Oliinyk O, Bilianskyi L, et al; GALAXI-1 Study 
Group. Efficacy and safety of 48 weeks of gusel-
kumab for patients with Crohn’s disease: mainte-
nance results from the phase 2, randomised, 
double-blind GALAXI-1 trial. Lancet Gastroenter-
ol Hepatol. 2024; 9: 133-146. CrossRef PubMed

[280] Maggi E, Vultaggio A, Matucci A. Acute infusion 
reactions induced by monoclonal antibody thera-
py. Expert Rev Clin Immunol. 2011; 7: 55-63. 
CrossRef PubMed

[281] Lichtenstein L, Ron Y, Kivity S, Ben-Horin S, Israeli 
E, Fraser GM, Dotan I, Chowers Y, Confino-Cohen 
R, Weiss B. Infliximab-Related Infusion Reactions: 
Systematic Review. J Crohns Colitis. 2015; 9: 806-
815. CrossRef PubMed

[282] Panés J, Lindsay JO, Teich N, Lindgren S, Colombel 
JF, Cornillie F, Flynn HA, Huyck S, Stryszak P, Yao R, 
Philip G, Reinisch W. Five-year Safety Data From 
OPUS, a European Observational Safety Registry 
for Adults With Ulcerative Colitis Treated With 
Originator Infliximab [Remicade®] or Convention-
al Therapy. J Crohns Colitis. 2019; 13: 1148-1157. 
CrossRef PubMed

[283] US Food and Drug Administration. FDA labels for 
TNF inhibitors: infliximab (IXIFI®). 2023. https://
www.accessdata.fda.gov/drugsatfda_docs/labe l / 
2 0 23/761072s009lbl.pdf (Accessed June 30, 
2024).

[284] European Medicines Agency. Assessment report 
of infliximab (FLIXABI®). 2024. https://www.ema.
europa.eu/en/documents/product-information/
flixabi-epar-product-information_en.pdf (Ac-
cessed June 30, 2024).citation

Jappe U, Bergmann K-C, 
Brinkmann F, Faihs V, Gülsen 
A, Klimek L, Renz H, Seurig S, 
Taube C, Traidl S, Treudler R, 

Wagenmann M, Werfel T, 
Worm M, Zuberbier T.

Biologics in allergology and 
clinical immunology: Update 

on therapies for atopic 
diseases, urticaria, and 

angioedema and on safety 
aspects focusing on 

hypersensitivity reactions.
Allergol Select.  

2024; 8: 365-406.
DOI 10.5414/ALX02533E

https://doi.org/10.1016/j.jaad.2023.12.066
https://doi.org/10.4103/singaporemedj.SMJ-2023-031
https://pubmed.ncbi.nlm.nih.gov/38189411
https://doi.org/10.1111/bjd.16032
https://pubmed.ncbi.nlm.nih.gov/29023641
https://pubmed.ncbi.nlm.nih.gov/29023641
https://doi.org/10.1016/j.biologicals.2019.10.009
https://pubmed.ncbi.nlm.nih.gov/31668853
https://doi.org/10.1126/scitranslmed.aax2945
https://doi.org/10.1126/scitranslmed.aax2945
https://pubmed.ncbi.nlm.nih.gov/31645451
https://doi.org/10.1172/jci.insight.131347
https://pubmed.ncbi.nlm.nih.gov/31723064
https://doi.org/10.1016/S0140-6736(23)00350-1
https://pubmed.ncbi.nlm.nih.gov/36868261
https://doi.org/10.1111/bjd.15750
https://pubmed.ncbi.nlm.nih.gov/28635018
https://doi.org/10.1136/annrheumdis-2021-220991
https://pubmed.ncbi.nlm.nih.gov/34819273
https://doi.org/10.1002/art.42010
https://pubmed.ncbi.nlm.nih.gov/34719872
https://pubmed.ncbi.nlm.nih.gov/34719872
https://doi.org/10.1016/S2468-1253(23)00318-7
https://pubmed.ncbi.nlm.nih.gov/38104569
https://doi.org/10.1586/eci.10.90
https://pubmed.ncbi.nlm.nih.gov/21162650
https://doi.org/10.1093/ecco-jcc/jjv096
https://pubmed.ncbi.nlm.nih.gov/26092578
https://doi.org/10.1093/ecco-jcc/jjz048
https://pubmed.ncbi.nlm.nih.gov/30809631


Biologics in allergology and clinical immunology 403

[285] US Food and Drug Administration. FDA labels for 
ixekizumab (TALTZ®). 2022. https://www.access-
data.fda.gov/drugsatfda_docs/labe l / 2 0 2 2 / 1 2 5 5 2 
1 s 024lbl.pdf (Accessed February 5, 2024).

[286] European Medicines Agency. Assessment report 
of ixekizumab (TALTZ®). 2023. https://www.ema.
europa.eu/en/documents/product-information/
taltz-epar-product-information_en.pdf (Accessed 
February 5, 2024).

[287] Mastorino L, Dapavo P, Burzi L, Rosset F, Giunipe-
ro di Corteranzo I, Leo F, Verrone A, Stroppiana E, 
Ortoncelli M, Ribero S, Quaglino P. Drug survival, 
effectiveness and safety of ixekizumab for mod-
erate-to-severe psoriasis up to 5 years. J Eur Acad 
Dermatol Venereol. 2024; 38: 568-575. CrossRef 
PubMed

[288] Ying L, Suyun J, Yanhua L, Yunsheng L, Li D, Lin D, 
Chengzhi L, Bingjiang L, Furen Z, Wendi S, Jinnan 
L, Yu D, Guanshen D, Shi Y. Safety and Efficacy of 
Ixekizumab in Chinese Adults with Moderate-to-
Severe Plaque Psoriasis: A Prospective, Multi-
center, Observational Study. Adv Ther. 2023; 40: 
5464-5474. CrossRef PubMed

[289] US Food and Drug Administration. FDA labels for 
lanadelumab (TAKHZYRO®). 2018. https://www.
accessdata.fda.gov/drugsatfda_docs/lab e l / 2 0 1 8 
/ 7 6 1090s001lbl.pdf (Accessed February 5, 2024).

[290] Craig TJ, Zaragoza-Urdaz RH, Li HH, Yu M, Ren H, 
Juethner S, Anderson J; HELP and HELP OLE Study 
Investigators. Effectiveness and safety of lanade-
lumab in ethnic and racial minority subgroups of 
patients with hereditary angioedema: results 
from phase 3 studies. Allergy Asthma Clin Immu-
nol. 2022; 18: 85. CrossRef PubMed

[291] Hide M, Ohsawa I, Nurse C, Yu M; SHP643-302 
Trial Investigators. Efficacy and safety of lanade-
lumab in Japanese patients with hereditary an-
gioedema: A phase 3 multicenter, open-label 
study. J Dermatol. 2023; 50: 1381-1391. CrossRef 
PubMed

[292] European Medicines Agency. Assessment report 
of lanadelumab (TAKHZYRO®). 2024. https://
www.ema.europa.eu/en/documents/product-in-
formation/takhzyro-epar-product-information_
en.pdf (Accessed February 5, 2024).

[293] Hanania NA, Noonan M, Corren J, Korenblat P, 
Zheng Y, Fischer SK, Cheu M, Putnam WS, Murray 
E, Scheerens H, Holweg CT, Maciuca R, Gray S, 
Doyle R, McClintock D, Olsson J, Matthews JG, Yen 
K. Lebrikizumab in moderate-to-severe asthma: 
pooled data from two randomised placebo-con-
trolled studies. Thorax. 2015; 70: 748-756. Cross-
Ref PubMed

[294] Hanania NA, Korenblat P, Chapman KR, Bateman 
ED, Kopecky P, Paggiaro P, Yokoyama A, Olsson J, 
Gray S, Holweg CT, Eisner M, Asare C, Fischer SK, 
Peng K, Putnam WS, Matthews JG. Efficacy and 
safety of lebrikizumab in patients with uncon-
trolled asthma (LAVOLTA I and LAVOLTA II): repli-
cate, phase 3, randomised, double-blind, place-
bo-controlled trials. Lancet Respir Med. 2016; 4: 
781-796. CrossRef PubMed

[295] Simpson EL, Flohr C, Eichenfield LF, Bieber T, Sofen 
H, Taïeb A, Owen R, Putnam W, Castro M, DeBusk 
K, Lin CY, Voulgari A, Yen K, Omachi TA. Efficacy 
and safety of lebrikizumab (an anti-IL-13 mono-
clonal antibody) in adults with moderate-to-se-
vere atopic dermatitis inadequately controlled by 
topical corticosteroids: A randomized, placebo-

controlled phase II trial (TREBLE). J Am Acad Der-
matol. 2018; 78: 863-871. CrossRef PubMed

[296] Korenblat P, Kerwin E, Leshchenko I, Yen K, Hol-
weg CTJ, Anzures-Cabrera J, Martin C, Putnam 
WS, Governale L, Olsson J, Matthews JG. Efficacy 
and safety of lebrikizumab in adult patients with 
mild-to-moderate asthma not receiving inhaled 
corticosteroids. Respir Med. 2018; 134: 143-149. 
CrossRef PubMed

[297] Austin CD, Gonzalez Edick M, Ferrando RE, Solon 
M, Baca M, Mesh K, Bradding P, Gauvreau GM, 
Sumino K, FitzGerald JM, Israel E, Bjermer L, Bour-
din A, Arron JR, Choy DF, Olsson JK, Abreu F, How-
ard M, Wong K, Cai F, et al; CLAVIER Investigators. 
A randomized, placebo-controlled trial evaluating 
effects of lebrikizumab on airway eosinophilic in-
flammation and remodelling in uncontrolled 
asthma (CLAVIER). Clin Exp Allergy. 2020; 50: 
1342-1351. CrossRef PubMed

[298] European Medicines Agency. Assessment report 
of lebrikizumab (EBGLYSS®). 2023. https://www.
ema.europa.eu/en/documents/product-infor-
mation/ebglyss-epar-product-information_en.
pdf (Accessed February 5, 2024).

[299] Paller AS, Flohr C, Eichenfield LF, Irvine AD, Weis-
man J, Soung J, Pinto Correia A, Natalie CR, Rodri-
guez Capriles C, Pierce E, Reifeis S, Gontijo Lima R, 
Armengol Tubau C, Laquer V, Weidinger S. Safety 
and Efficacy of Lebrikizumab in Adolescent Pa-
tients with Moderate-to-Severe Atopic Dermati-
tis: A 52-Week, Open-Label, Phase 3 Study. Der-
matol Ther (Heidelb). 2023; 13: 1517-1534. 
CrossRef PubMed

[300] Stein Gold L, Thaçi D, Thyssen JP, Gooderham M, 
Laquer V, Moore A, Natalie CR, Zhao F, Meskimen 
E, Elmaraghy H, Montmayeur S, Gallo G, Jimenez 
G, de Bruin-Weller M. Safety of Lebrikizumab in 
Adults and Adolescents with Moderate-to-Severe 
Atopic Dermatitis: An Integrated Analysis of Eight 
Clinical Trials. Am J Clin Dermatol. 2023; 24: 595-
607. CrossRef PubMed

[301] Gauvreau GM, Arm JP, Boulet LP, Leigh R, Cock-
croft DW, Davis BE, Mayers I, FitzGerald JM, 
Dahlen B, Killian KJ, Laviolette M, Carlsten C, Laz-
arinis N, Watson RM, Milot J, Swystun V, Bowen 
M, Hui L, Lantz AS, Meiser K, et al. Efficacy and 
safety of multiple doses of QGE031 (ligelizumab) 
versus omalizumab and placebo in inhibiting al-
lergen-induced early asthmatic responses. J Al-
lergy Clin Immunol. 2016; 138: 1051-1059. Cross-
Ref PubMed

[302] Maurer M, Giménez-Arnau AM, Sussman G, Metz 
M, Baker DR, Bauer A, Bernstein JA, Brehler R, 
Chu CY, Chung WH, Danilycheva I, Grattan C, 
Hébert J, Katelaris C, Makris M, Meshkova R, Sav-
ic S, Sinclair R, Sitz K, Staubach P, et al. Ligelizum-
ab for chronic spontaneous urticaria. N Engl J 
Med. 2019; 381: 1321-1332. CrossRef PubMed

[303] Maurer M, Ensina LF, Gimenez-Arnau AM, Suss-
man G, Hide M, Saini S, Grattan C, Fomina D, 
Rigopoulos D, Berard F, Canonica GW, Rockmann 
H, Irani C, Szepietowski JC, Leflein J, Bernstein JA, 
Peter JG, Kulthanan K, Godse K, Ardusso L, et al; 
PEARL-1 and PEARL-2 trial investigators. Efficacy 
and safety of ligelizumab in adults and adoles-
cents with chronic spontaneous urticaria: results 
of two phase 3 randomised controlled trials. Lan-
cet. 2024; 403: 147-159. CrossRef PubMedcitation

Jappe U, Bergmann K-C, 
Brinkmann F, Faihs V, Gülsen 
A, Klimek L, Renz H, Seurig S, 
Taube C, Traidl S, Treudler R, 

Wagenmann M, Werfel T, 
Worm M, Zuberbier T.

Biologics in allergology and 
clinical immunology: Update 

on therapies for atopic 
diseases, urticaria, and 

angioedema and on safety 
aspects focusing on 

hypersensitivity reactions.
Allergol Select.  

2024; 8: 365-406.
DOI 10.5414/ALX02533E

https://doi.org/10.1111/jdv.19682
https://pubmed.ncbi.nlm.nih.gov/38147467
https://pubmed.ncbi.nlm.nih.gov/38147467
https://doi.org/10.1007/s12325-023-02672-1
https://pubmed.ncbi.nlm.nih.gov/37824031
https://doi.org/10.1186/s13223-022-00721-y
https://pubmed.ncbi.nlm.nih.gov/36153561
https://doi.org/10.1111/1346-8138.16909
https://pubmed.ncbi.nlm.nih.gov/37574953
https://pubmed.ncbi.nlm.nih.gov/37574953
https://doi.org/10.1136/thoraxjnl-2014-206719
https://doi.org/10.1136/thoraxjnl-2014-206719
https://pubmed.ncbi.nlm.nih.gov/26001563
https://doi.org/10.1016/S2213-2600(16)30265-X
https://pubmed.ncbi.nlm.nih.gov/27616196
https://doi.org/10.1016/j.jaad.2018.01.017
https://pubmed.ncbi.nlm.nih.gov/29353026
https://doi.org/10.1016/j.rmed.2017.12.006
https://pubmed.ncbi.nlm.nih.gov/29413502
https://doi.org/10.1111/cea.13731
https://pubmed.ncbi.nlm.nih.gov/32909660
https://doi.org/10.1007/s13555-023-00942-y
https://pubmed.ncbi.nlm.nih.gov/37318750
https://doi.org/10.1007/s40257-023-00792-6
https://pubmed.ncbi.nlm.nih.gov/37195407
https://doi.org/10.1016/j.jaci.2016.02.027
https://doi.org/10.1016/j.jaci.2016.02.027
https://pubmed.ncbi.nlm.nih.gov/27185571
https://doi.org/10.1056/NEJMoa1900408
https://pubmed.ncbi.nlm.nih.gov/31577874
https://doi.org/10.1016/S0140-6736(23)01684-7
https://pubmed.ncbi.nlm.nih.gov/38008109


Jappe, Bergmann, Brinkmann, et al. 404

[304] Pavord ID, Korn S, Howarth P, Bleecker ER, Buhl R, 
Keene ON, Ortega H, Chanez P. Mepolizumab for 
severe eosinophilic asthma (DREAM): a multicen-
tre, double-blind, placebo-controlled trial. Lan-
cet. 2012; 380: 651-659. CrossRef PubMed

[305] Lugogo N, Domingo C, Chanez P, Leigh R, Gilson 
MJ, Price RG, Yancey SW, Ortega HG. Long-term 
efficacy and safety of mepolizumab in patients 
with severe eosinophilic asthma: a multi-center, 
open-label, phase IIIb study. Clin Ther. 2016; 38: 
2058-2070. CrossRef PubMed

[306] Leung E, Al Efraij K, FitzGerald JM. The safety of 
mepolizumab for the treatment of asthma. Ex-
pert Opin Drug Saf. 2017; 16: 397-404. CrossRef 
PubMed

[307] Khatri S, Moore W, Gibson PG, Leigh R, Bourdin A, 
Maspero J, Barros M, Buhl R, Howarth P, Albers 
FC, Bradford ES, Gilson M, Price RG, Yancey SW, 
Ortega H. Assessment of the long-term safety of 
mepolizumab and durability of clinical response 
in patients with severe eosinophilic asthma. J Al-
lergy Clin Immunol. 2019; 143: 1742-1751. Cross-
Ref PubMed

[308] Chapman KR, Albers FC, Chipps B, Muñoz X, Dev-
ouassoux G, Bergna M, Galkin D, Azmi J, Mounei-
mne D, Price RG, Liu MC. The clinical benefit of 
mepolizumab replacing omalizumab in uncon-
trolled severe eosinophilic asthma. Allergy. 2019; 
74: 1716-1726. CrossRef PubMed

[309] European Medicines Agency. Assessment Report 
for mepolizumab (Nucala®). 2023. https://www.
ema.europa.eu/en/documents/product-infor-
mation/nucala-epar-product-information_en.pdf 
(Accessed February 4, 2024).

[310] US Food and Drug Administration. FDA labels for 
mepolizumab (Nucala®). 2023. https://www.acc e 
s s data.fda.gov/drugsatfda_docs/lab el/ 2 0 2 3 / 1 2 5 
5 2 6Orig1s021,761122Orig1s011Corrected_lbl.
pdf (Accessed February 4, 2024).

[311] Ishii T, Kunishige H, Kobayashi T, Hayashi E, Kom-
atsubara M, Ishii T, et al. Real-world safety and 
effectiveness of mepolizumab for patients with 
eosinophilic granulomatosis with polyangiitis 
(EGPA) in Japan: 48-week interim analysis of the 
MARS study. Mod Rheumatol. 2023; 34: 978-987. 
CrossRef PubMed

[312] Nemoto O, Furue M, Nakagawa H, Shiramoto M, 
Hanada R, Matsuki S, Imayama S, Kato M, Hasebe 
I, Taira K, Yamamoto M, Mihara R, Kabashima K, 
Ruzicka T, Hanifin J, Kumagai Y. The first trial of 
CIM331, a humanized antihuman interleukin-31 
receptor A antibody, in healthy volunteers and 
patients with atopic dermatitis to evaluate safety, 
tolerability and pharmacokinetics of a single dose 
in a randomized, double-blind, placebo-con-
trolled study. Br J Dermatol. 2016; 174: 296-304. 
CrossRef PubMed

[313] Kabashima K, Furue M, Hanifin JM, Pulka G, Wol-
lenberg A, Galus R, Etoh T, Mihara R, Nakano M, 
Ruzicka T. Nemolizumab in patients with moder-
ate-to-severe atopic dermatitis: Randomized, 
phase II, long-term extension study. J Allergy Clin 
Immunol. 2018; 142: 1121-1130.e7. CrossRef 
PubMed

[314] Silverberg JI, Pinter A, Pulka G, Poulin Y, Bouaziz 
JD, Wollenberg A, Murrell DF, Alexis A, Lindsey L, 
Ahmad F, Piketty C, Clucas A. Phase 2B random-
ized study of nemolizumab in adults with moder-
ate-to-severe atopic dermatitis and severe pruri-

tus. J Allergy Clin Immunol. 2020; 145: 173-182. 
CrossRef PubMed

[315] Ständer S, Yosipovitch G, Legat FJ, Lacour JP, Paul 
C, Narbutt J, Bieber T, Misery L, Wollenberg A, 
Reich A, Ahmad F, Piketty C. Trial of nemolizumab 
in moderate-to-severe prurigo nodularis. N Engl J 
Med. 2020; 382: 706-716. CrossRef PubMed

[316] Igarashi A, Katsunuma T, Matsumura T, Komazaki 
H, Takahashi H, Miura K, Horino S, Yoshihara S, 
Maeda S, Akashi M, Hamahata Y, Nezu Y, Masuda 
K, Shirakawa S, Katsunuma T, Ohya Y, Yanagida N, 
Tadaki H, Fukuzawa M, Kaneko H, et al; Nemoli-
zumab-JP04 Study Group. Efficacy and safety of 
nemolizumab in paediatric patients aged 
6-12 years with atopic dermatitis with moderate-
to-severe pruritus: results from a phase III, ran-
domized, double-blind, placebo-controlled, mul-
ticentre study. Br J Dermatol. 2023; 190: 20-28. 
CrossRef PubMed

[317] Cox L, Platts-Mills TA, Finegold I, Schwartz LB, Si-
mons FE, Wallace DV; American Academy of Al-
lergy, Asthma & Immunology; American College 
of Allergy, Asthma and Immunology. American 
Academy of Allergy, Asthma & Immunology/
American College of Allergy, Asthma and Immu-
nology Joint Task Force Report on omalizumab-
associated anaphylaxis. J Allergy Clin Immunol. 
2007; 120: 1373-1377. CrossRef PubMed

[318] Di Bona D, Fiorino I, Taurino M, Frisenda F, Minen-
na E, Pasculli C, Kourtis G, Rucco AS, Nico A, Alba-
nesi M, Giliberti L, D’Elia L, Caiaffa MF, Macchia L. 
Long-term “real-life” safety of omalizumab in pa-
tients with severe uncontrolled asthma: A nine-
year study. Respir Med. 2017; 130: 55-60. Cross-
Ref PubMed

[319] US Food and Drug Administration. FDA labels for 
omalizumab (XOLAIR®). 2023. https://www.ac-
cessdata.fda.gov/drugsatfda_docs/label/ 2 0 2 3 / 1 
0 3 976s5242lbl.pdf (Accessed February 4, 2024).

[320] European Medicines Agency. Assessment Report 
for omalizumab (XOLAIR®). 2023. https://www.
ema.europa.eu/en/documents/product-inform a 
t i on/xolair-epar-product-information_en.pdf (Ac-
cessed February 4, 2024).

[321] Castro M, Zangrilli J, Wechsler ME, Bateman ED, 
Brusselle GG, Bardin P, Murphy K, Maspero JF, 
O’Brien C, Korn S. Reslizumab for inadequately 
controlled asthma with elevated blood eosino-
phil counts: results from two multicentre, paral-
lel, double-blind, randomised, placebo-con-
trolled, phase 3 trials. Lancet Respir Med. 2015; 
3: 355-366. CrossRef PubMed

[322] Murphy K, Jacobs J, Bjermer L, Fahrenholz JM, 
Shalit Y, Garin M, Zangrilli J, Castro M. Long-term 
safety and efficacy of reslizumab in patients with 
eosinophilic asthma. J Allergy Clin Immunol Pract. 
2017; 5: 1572-1581.e3. CrossRef PubMed

[323] US Food and Drug Administration. FDA labels for 
reslizumab (CINQAIR®). 2019. (https://www.ac-
cessdata.fda.gov/drugsatfda_docs/label/ 2 0 1 9 / 0 
7 6 1033s010lbl.pdf (Accessed February 4, 2024).

[324] Virchow JC, Katial R, Brusselle GG, Shalit Y, Garin 
M, McDonald M, Castro M. Safety of Reslizumab 
in Uncontrolled Asthma with Eosinophilia: A 
Pooled Analysis from 6 Trials. J Allergy Clin Immu-
nol Pract. 2020; 8: 540-548.e1. CrossRef PubMed

[325] Bernstein JA, Virchow JC, Murphy K, Maspero JF, 
Jacobs J, Adir Y, Humbert M, Castro M, Marsteller 
DA, McElhattan J, Hickey L, Garin M, Vanlanding-citation

Jappe U, Bergmann K-C, 
Brinkmann F, Faihs V, Gülsen 
A, Klimek L, Renz H, Seurig S, 
Taube C, Traidl S, Treudler R, 

Wagenmann M, Werfel T, 
Worm M, Zuberbier T.

Biologics in allergology and 
clinical immunology: Update 

on therapies for atopic 
diseases, urticaria, and 

angioedema and on safety 
aspects focusing on 

hypersensitivity reactions.
Allergol Select.  

2024; 8: 365-406.
DOI 10.5414/ALX02533E

https://doi.org/10.1016/S0140-6736(12)60988-X
https://pubmed.ncbi.nlm.nih.gov/22901886
https://doi.org/10.1016/j.clinthera.2016.07.010
https://pubmed.ncbi.nlm.nih.gov/27553751
https://doi.org/10.1080/14740338.2017.1286327
https://pubmed.ncbi.nlm.nih.gov/28116937
https://pubmed.ncbi.nlm.nih.gov/28116937
https://doi.org/10.1016/j.jaci.2018.09.033
https://doi.org/10.1016/j.jaci.2018.09.033
https://pubmed.ncbi.nlm.nih.gov/30359681
https://doi.org/10.1111/all.13850
https://pubmed.ncbi.nlm.nih.gov/31049972
https://doi.org/10.1093/mr/road109
https://pubmed.ncbi.nlm.nih.gov/38100679
https://doi.org/10.1111/bjd.14207
https://pubmed.ncbi.nlm.nih.gov/26409172
https://doi.org/10.1016/j.jaci.2018.03.018
https://pubmed.ncbi.nlm.nih.gov/29753033
https://pubmed.ncbi.nlm.nih.gov/29753033
https://doi.org/10.1016/j.jaci.2019.08.013
https://pubmed.ncbi.nlm.nih.gov/31449914
https://doi.org/10.1056/NEJMoa1908316
https://pubmed.ncbi.nlm.nih.gov/32074418
https://doi.org/10.1093/bjd/ljad268
https://pubmed.ncbi.nlm.nih.gov/37522351
https://doi.org/10.1016/j.jaci.2007.09.032
https://pubmed.ncbi.nlm.nih.gov/17996286
https://doi.org/10.1016/j.rmed.2017.07.013
https://doi.org/10.1016/j.rmed.2017.07.013
https://pubmed.ncbi.nlm.nih.gov/29206634
https://doi.org/10.1016/S2213-2600(15)00042-9
https://pubmed.ncbi.nlm.nih.gov/25736990
https://doi.org/10.1016/j.jaip.2017.08.024
https://pubmed.ncbi.nlm.nih.gov/29122156
https://doi.org/10.1016/j.jaip.2019.07.038
https://pubmed.ncbi.nlm.nih.gov/31404668


Biologics in allergology and clinical immunology 405

ham R, Brusselle G. Effect of fixed-dose subcuta-
neous reslizumab on asthma exacerbations in 
patients with severe uncontrolled asthma and 
corticosteroid sparing in patients with oral corti-
costeroid-dependent asthma: results from two 
phase 3, randomised, double-blind, placebo-con-
trolled trials. Lancet Respir Med. 2020; 8: 461-
474. CrossRef PubMed

[326] European Medicines Agency. Assessment Report 
for reslizumab (CINQAERO®). 2023. https://www.
ema.europa.eu/en/documents/product-infor-
mation/cinqaero-epar-product-information_en.
pdf (Accessed February 4, 2024).

[327] Terrier B, Amoura Z, Ravaud P, Hachulla E, 
Jouenne R, Combe B, Bonnet C, Cacoub P, Can-
tagrel A, de Bandt M, Fain O, Fautrel B, Gaudin P, 
Godeau B, Harlé JR, Hot A, Kahn JE, Lambotte O, 
Larroche C, Léone J, et al; Club Rhumatismes et 
Inflammation. Safety and efficacy of rituximab in 
systemic lupus erythematosus: results from 136 
patients from the French AutoImmunity and 
Rituximab registry. Arthritis Rheum. 2010; 62: 
2458-2466. CrossRef PubMed

[328] US Food and Drug Administration. FDA labels for 
rituximab (RITUXAN HYCELA®). 2021. https://
www.accessdata.fda.gov/drugsatfda_docs/
label/2021/761064s013lbl.pdf (Accessed June 
30, 2024).

[329] US Food and Drug Administration. FDA labels for 
rituximab (RITUXAN®). 2021. https://www.ac-
cessdata.fda.gov/drugsatfda_docs/label/ 2 0 2 1 / 1 
0 3 705s5467lbl.pdf (Accessed June 30, 2024).

[330] BC Cancer Agency. Cancer drug manual, drug 
name: rituximab. 2024. http://www.bccancer.
bc.ca/drug-database-site/Drug%20Index/Ritux-
imab_monograph.pdf (Accessed June 30, 2024).

[331] European Medicines Agency. Assessment report 
of rituximab (MABTHERA®). 2024. https://www.
ema.europa.eu/en/documents/product-infor-
mation/mabthera-epar-product-information_
en.pdf (Accessed June 30, 2024).

[332] Riveiro-Barciela M, Barreira-Díaz A, Esteban P, 
Rota R, Álvarez-Navascúes C, Pérez-Medrano I, 
Mateos B, Gómez E, De-la-Cruz G, Ferre-Aracil C, 
Horta D, Díaz-González Á, Ampuero J, Díaz-Fon-
tenla F, Salcedo M, Ruiz-Cobo JC, Londoño MC. 
Rituximab is a safe and effective alternative treat-
ment for patients with autoimmune hepatitis: 
Results from the ColHai registry. Liver Int. 2024; 
44: 2303-2314. CrossRef PubMed

[333] Blauvelt A. Safety of secukinumab in the treat-
ment of psoriasis. Expert Opin Drug Saf. 2016; 15: 
1413-1420. CrossRef PubMed

[334] Deodhar A, Mease PJ, McInnes IB, Baraliakos X, 
Reich K, Blauvelt A, Leonardi C, Porter B, Das Gup-
ta A, Widmer A, Pricop L, Fox T. Long-term safety 
of secukinumab in patients with moderate-to-se-
vere plaque psoriasis, psoriatic arthritis, and an-
kylosing spondylitis: integrated pooled clinical 
trial and post-marketing surveillance data. Arthri-
tis Res Ther. 2019; 21: 111. CrossRef PubMed

[335] Grace E, Goldblum O, Renda L, Agada N, See K, 
Leonardi C, Menter A. Injection site reactions in 
the federal adverse event reporting system 
(FAERS) post-marketing database vary among bi-
ologics approved to treat moderate-to-severe 
psoriasis. Dermatol Ther (Heidelb). 2020; 10: 99-
106. CrossRef PubMed

[336] Asawanonda P, Pattamadilok B, Chularojana-
montri L, Chuamanochan M, Choonhakarn C, 
Chakkavittumrong P, Sangob N, Rajatanavin N. 
Real-world experience of secukinumab in moder-
ate to severe psoriasis patients in Thailand: Char-
acteristics, effectiveness, and safety. Dermatol 
Ther. 2022; 35: e15958. CrossRef PubMed

[337] Li G, Gu Y, Zou Q, Wang Y, Xiao Y, Xia D, Zhan T, 
Zhou X, Wang Q, Yan W, Li W. Efficacy, Safety, and 
Pharmacoeconomic Analysis of Adalimumab and 
Secukinumab for Moderate-to-Severe Plaque 
Psoriasis: A Single-Center, Real-World Study. Der-
matol Ther (Heidelb). 2022; 12: 2105-2115. 
CrossRef PubMed

[338] US Food and Drug Administration. FDA labels for 
secukinumab (COSENTYX®). 2023 https://www.
accessdata.fda.gov/drugsatfda_docs/label/2023
/125504s066,761349s004lbl.pdf (Accessed Feb-
ruary 5, 2024).

[339] European Medicines Agency. Assessment report 
of secukinumab (COSENTYX®). 2023 https://
www.ema.europa.eu/en/documents/product-in-
formation/cosentyx-epar-product-information_
en.pdf (Accessed February 5, 2024).

[340] Menzies-Gow A, Corren J, Bourdin A, Chupp G, Is-
rael E, Wechsler ME, Brightling CE, Griffiths JM, 
Hellqvist Å, Bowen K, Kaur P, Almqvist G, Pon-
narambil S, Colice G. Tezepelumab in Adults and 
Adolescents with Severe, Uncontrolled Asthma. 
N Engl J Med. 2021; 384: 1800-1809. CrossRef 
PubMed

[341] Corren J, Menzies-Gow A, Chupp G, Israel E, Korn 
S, Cook B, Ambrose CS, Hellqvist Å, Roseti SL, Mol-
fino NA, Llanos JP, Martin N, Bowen K, Griffiths 
JM, Parnes JR, Colice G. Efficacy of Tezepelumab 
in Severe, Uncontrolled Asthma: Pooled Analysis 
of the PATHWAY and NAVIGATOR Clinical Trials. 
Am J Respir Crit Care Med. 2023; 208: 13-24. 
CrossRef PubMed

[342] European Medicines Agency. Assessment report 
of tezepelumab (TEZSPIRE®). 2024 https://www.
ema.europa.eu/en/documents/product-infor-
mation/tezspire-epar-product-information_en.
pdf (Accessed February 5, 2024).

[343] Wollenberg A, Howell MD, Guttman-Yassky E, Sil-
verberg JI, Kell C, Ranade K, Moate R, van der 
Merwe R. Treatment of atopic dermatitis with 
tralokinumab, an anti-IL-13 mAb. J Allergy Clin 
Immunol. 2019; 143: 135-141. CrossRef PubMed

[344] Panettieri RA Jr, Sjöbring U, Péterffy A, Wessman 
P, Bowen K, Piper E, Colice G, Brightling CE. 
Tralokinumab for severe, uncontrolled asthma 
(STRATOS 1 and STRATOS 2): two randomised, 
double-blind, placebo-controlled, phase 3 clinical 
trials. Lancet Respir Med. 2018; 6: 511-525. 
CrossRef PubMed

[345] Busse WW, Brusselle GG, Korn S, Kuna P, Magnan 
A, Cohen D, Bowen K, Piechowiak T, Wang MM, 
Colice G. Tralokinumab did not demonstrate oral 
corticosteroid-sparing effects in severe asthma. 
Eur Respir J. 2019; 53: 1800948. CrossRef 
PubMed

[346] Carlsson M, Braddock M, Li Y, Wang J, Xu W, 
White N, Megally A, Hunter G, Colice G. Evalua-
tion of antibody properties and clinically relevant 
immunogenicity, anaphylaxis, and hypersensitivi-
ty reactions in two phase III trials of tralokinumab 
in severe, uncontrolled asthma. Drug Saf. 2019; 
42: 769-784. CrossRef PubMedcitation

Jappe U, Bergmann K-C, 
Brinkmann F, Faihs V, Gülsen 
A, Klimek L, Renz H, Seurig S, 
Taube C, Traidl S, Treudler R, 

Wagenmann M, Werfel T, 
Worm M, Zuberbier T.

Biologics in allergology and 
clinical immunology: Update 

on therapies for atopic 
diseases, urticaria, and 

angioedema and on safety 
aspects focusing on 

hypersensitivity reactions.
Allergol Select.  

2024; 8: 365-406.
DOI 10.5414/ALX02533E

https://doi.org/10.1016/S2213-2600(19)30372-8
https://pubmed.ncbi.nlm.nih.gov/32066536
https://doi.org/10.1002/art.27541
https://pubmed.ncbi.nlm.nih.gov/20506527
https://doi.org/10.1111/liv.15970
https://pubmed.ncbi.nlm.nih.gov/38809086
https://doi.org/10.1080/14740338.2016.1221923
https://pubmed.ncbi.nlm.nih.gov/27545070
https://doi.org/10.1186/s13075-019-1882-2
https://pubmed.ncbi.nlm.nih.gov/31046809
https://doi.org/10.1007/s13555-019-00341-2
https://pubmed.ncbi.nlm.nih.gov/31734937
https://doi.org/10.1111/dth.15958
https://pubmed.ncbi.nlm.nih.gov/36279306
https://doi.org/10.1007/s13555-022-00787-x
https://pubmed.ncbi.nlm.nih.gov/35953612
https://doi.org/10.1056/NEJMoa2034975
https://pubmed.ncbi.nlm.nih.gov/33979488
https://pubmed.ncbi.nlm.nih.gov/33979488
https://doi.org/10.1164/rccm.202210-2005OC
https://pubmed.ncbi.nlm.nih.gov/37015033
https://doi.org/10.1016/j.jaci.2018.05.029
https://pubmed.ncbi.nlm.nih.gov/29906525
https://doi.org/10.1016/S2213-2600(18)30184-X
https://pubmed.ncbi.nlm.nih.gov/29792288
https://doi.org/10.1183/13993003.00948-2018
https://pubmed.ncbi.nlm.nih.gov/30442714
https://pubmed.ncbi.nlm.nih.gov/30442714
https://doi.org/10.1007/s40264-018-00788-w
https://pubmed.ncbi.nlm.nih.gov/30649752


Jappe, Bergmann, Brinkmann, et al. 406

[347] Silverberg JI, Toth D, Bieber T, Alexis AF, Elewski 
BE, Pink AE, Hijnen D, Jensen TN, Bang B, Olsen 
CK, Kurbasic A, Weidinger S; ECZTRA 3 study in-
vestigators. Tralokinumab plus topical corticoste-
roids for the treatment of moderate-to-severe 
atopic dermatitis: results from the double-blind, 
randomized, multicentre, placebo-controlled 
phase III ECZTRA 3 trial. Br J Dermatol. 2021; 184: 
450-463. CrossRef PubMed

[348] US Food and Drug Administration. FDA labels for 
tralokinumab (ADBRY®). 2023. https://www.ac-
cessdata.fda.gov/drugsatfda_docs/label / 2 0 2 3 / 7 
6 1 180s001lbl.pdf (Accessed February 5, 2024).

[349] European Medicines Agency. Assessment report 
of tralokinumab (ADTRALZA®). 2023 https://
www.ema.europa.eu/en/documents/product-in-
formation/adtralza-epar-product-information_
en.pdf (Accessed February 5, 2024).

[350] US Food and Drug Administration. FDA labels for 
upadacitinib (RINVOQ®). 2023. https://www.ac-
cessdata.fda.gov/drugsatfda_docs/labe l / 2 0 2 3 / 2 
1 1 675s019lbl.pdf (Accessed February 5, 2024).

[351] European Medicines Agency. Assessment report 
of upadacitinib (RINVOQ®). 2023. https://www.
ema.europa.eu/en/documents/product-infor-
mation/rinvoq-epar-product-information_en.pdf 
(Accessed February 5, 2024).

[352] Ghosh S, Gensler LS, Yang Z, Gasink C, Chakra-
varty SD, Farahi K, Ramachandran P, Ott E, Strob-
er BE. Correction to: Ustekinumab safety in pso-
riasis, psoriatic arthritis, and Crohn’s disease: an 
integrated analysis of phase II/III clinical develop-
ment programs. Drug Saf. 2019; 42: 809. CrossRef 
PubMed

[353] US Food and Drug Administration. FDA labels for 
ustekinumab (WEZLANA®). 2023. https://www.
accessdata.fda.gov/drugsatfda_docs/label/2023
/761285s000,761331s000lbl.pdf (Accessed Feb-
ruary 5, 2024).

[354] European Medicines Agency. Assessment report 
of ustekinumab (STELARA®). 2023. https://www.
ema.europa.eu/en/documents/product-infor-
mation/stelara-epar-product-information_en.pdf 
(Accessed February 5, 2024).

citation

Jappe U, Bergmann K-C, 
Brinkmann F, Faihs V, Gülsen 
A, Klimek L, Renz H, Seurig S, 
Taube C, Traidl S, Treudler R, 

Wagenmann M, Werfel T, 
Worm M, Zuberbier T.

Biologics in allergology and 
clinical immunology: Update 

on therapies for atopic 
diseases, urticaria, and 

angioedema and on safety 
aspects focusing on 

hypersensitivity reactions.
Allergol Select.  

2024; 8: 365-406.
DOI 10.5414/ALX02533E

https://doi.org/10.1111/bjd.19573
https://pubmed.ncbi.nlm.nih.gov/33000503
https://doi.org/10.1007/s40264-019-00816-3
https://pubmed.ncbi.nlm.nih.gov/31012051
https://pubmed.ncbi.nlm.nih.gov/31012051

